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Abstract

Previous research in rats indicates that delay discounting for food, a model of impulsivity, predicted the rate of acquisition of cocaine self-
administration. In other studies, rats bred for high saccharin intake (HiS) acquired cocaine self-administration at higher rates than those with low
saccharin intake (LoS), and female (F) rats acquired cocaine self-administration more rapidly than males (M). The purpose of this study was to
examine a possible connection between impulsivity, saccharin intake, and sex by comparing M and F rats from the HiS and LoS selectively bred
lines on measures of impulsivity; i.e., their rate of delay discounting for food or i.v. cocaine infusions. The adjusting delay procedure allowed rats
access to 2 response levers, and a pellet dispenser or an i.v. drug infusion pump. In 4 groups (HiS M, HiS F, LoS M, LoS F) responses under a
fixed-ratio (FR) 1 schedule on one lever resulted in one 45 mg pellet immediately, and responses on the other lever resulted in 3 or 6 pellets after a
delay. Four additional groups received either a small cocaine (0.2, 0.4, or 0.8 mg/kg) infusion immediately or a delayed larger infusion (3× the
amount of the small infusions). The delay to the larger reinforcer began at 6 s and increased or decreased by 1 s following responses on the delay
or immediate levers, respectively. A mean adjusted delay (MAD) was calculated over 30 choice trials during each daily 3-hour session, and it was
used as a quantitative measure of impulsivity. In groups maintained by food, HiS rats were more impulsive (lower MADs) than LoS rats, and LoS
females were more impulsive than LoS males. There were no phenotype or sex differences in delay discounting for cocaine. Understanding the
relationship between impulsivity and other predictors of drug abuse (e.g., sex, saccharin intake) is important in developing prevention and
treatment strategies.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

It has been argued that drug abuse and impulsivity are closely
related because those who abuse drugs value the immediate
reward of the drug's effects over other delayed rewards such as
good health, good relationships, or job-related productivity (e.g.,
Madden et al., 1997). Human drug-using populations valued
future monetary rewards less than their non-drug abusing
counterparts (Allen et al., 1998; Petry, 2003). This is true for
cigarette smokers (Baker et al., 2003; Bickel et al., 1999;
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Mitchell, 1999; Reynolds et al., 2004; but see Ohmura et al.
2005), problem drinkers (Petry, 2001; Vuchinich and Simpson,
1998 but see Kirby and Petry 2004), opioid-dependent
individuals (Kirby and Petry, 2004; Kirby et al., 1999; Madden
et al., 1997), and crack/cocaine abusers (Coffey et al., 2003; Heil
et al., 2006; Kirby and Petry, 2004). It is unclear, however,
whether impulsivity precedes and predicts drug abuse, whether
drug abuse influences impulsivity, whether both of these
conditions exist, or whether there are additional factors, such
as other forms or expressions of excessive behavior or stress that
underlie and interact with both drug abuse and impulsivity.

Considering the first possibility, there are several lines of
evidence suggesting that impulsivity precedes drug abuse. In
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one study, rats that frequently chose a small-immediate food
reinforcer over a large-delayed reinforcer consumed signifi-
cantly more of a 12% w/v ethanol solution than rats that chose
the small-immediate reinforcer less frequently (Poulos et al.,
1995). In a second study, rats were divided into high (HiI) and low
(LoI) impulsive groups based on performance on an adjusting
delay task (e.g., Mazur, 1987) for food reinforcers, and sub-
sequently, HiI rats acquired cocaine self-administration faster and
in greater numbers than LoI rats (Perry et al., 2005, submitted for
publication-b). Finally, mice that were more impulsive on a delay
discounting task exhibited less locomotor stimulation after initial
exposure to ethanol and greater sensitization following repeated
exposure to ethanol (Mitchell et al., 2006).

The hypothesis that drugs of abuse affect impulsivity has
also been supported by both animal and human laboratory
studies. In rodents, administration of psychomotor stimulants
had mixed effects on delay discounting. Amphetamine (Van
Gaalen et al., 2006; Wade et al., 2000), d-amphetamine (Isles et
al., 2003), methylphenidate (Van Gaalen et al., 2006), and
methamphetamine (Richards et al., 1999) decreased impulsiv-
ity, while d-amphetamine (Charrier and Thiebot, 1996; Evenden
and Ryan, 1996) and cocaine (Logue et al., 1992) increased
impulsivity in rodents. The discrepancies in these results may be
due to type of reinforcer, cues present during the delay to the
presentation of the larger reinforcer, drug dose, or dosing
regimen (for a review, see Perry and Carroll, in preparation-a);
however, they clearly show that drugs influence impulsive
behavior.

That additional factors may interact with and influence both
impulsivity and drug abuse has not been frequently examined in
the preclinical literature; however, selectively bred rodent lines
(e.g., Lewis/Fischer 344) may be useful when studying the role
of genetic differences in impulsive behavior. Lewis rats more
readily self-administered drugs of abuse than Fischer 344 rats
(Kosten et al., 1997; Martin et al., 1999; Suzuki et al., 1988),
and they showed increased cocaine (Kosten et al., 1994) and
nicotine (Horan et al., 1997) conditioned place preference
compared with Fischer 344 rats. Additionally, Lewis rats were
more impulsive than Fischer 344 rats in a delay discounting task
(Anderson and Woolverton, 2005). It is possible that the
differences in impulsivity and drug-related behaviors in these
rat strains were due to underlying genetic factors.

Dietary preference has also emerged as a major factor
underlying drug abuse vulnerability, and proclivity for preferred
dietary substances predicts many aspects of drug abuse (e.g.,
Carroll et al., 2002; Perry et al., 2006a). For example, rats that
have been selectively bred for high (HiS) and low (LoS) levels
of saccharin intake also show corresponding differences in
drug-related behaviors. HiS rats consumed more ethanol than
LoS rats (Dess et al., 1998); they acquired i.v. cocaine self-
administration faster than LoS rats (Carroll et al., 2002) and
reinstated cocaine-seeking behavior after a period of abstinence
more than LoS rats (Perry et al., 2006a). HiS rats also showed
greater escalation (Perry et al., 2006a) and dysregulation
(Carroll et al., 2007b) of cocaine intake compared with LoS
rats. HiS female rats also showed greater sensitization to the
locomotor-activating effects of cocaine than LoS females, LoS
males, and HiS males (Carroll et al., in preparation-a). The HiS
and LoS rats were used in the present study to examine the
interaction of impulsivity with another major vulnerability
factor that strongly predicts drug abuse (dietary preference).
Given the comparable differences in drug-related behaviors in
HiS vs. LoS rats and HiI vs. LoI rats, we hypothesized that HiS
rats would be more impulsive than LoS rats. One study has
demonstrated that sucrose preference and impulsivity were
higher in adolescent (vs. adult) rats and humans (Vaidya et al.,
2004); however, we are not aware of other studies that have
assessed the relationship between avidity for sweetened dietary
substances and impulsivity.

In addition to avidity for sweetened dietary substances, sex
appears to be a major factor in human drug abuse and in animal
models of drug abuse, with females exhibiting greater drug-
seeking behavior thanmales under a wide range of conditions (for
reviews, see Carroll et al., 2004; Lynch et al., 2002; Roth et al.,
2004). For example, female rats exceeded males in acquisition of
drug self-administration (e.g., Carroll et al., 2000; Lynch and
Carroll, 1999), escalation of drug intake under extended access
conditions (Carroll et al., 2005; Roth and Carroll, 2004),
extinction, and cocaine-primed reinstatement (Lynch and Carroll,
2000). Females also regulated their drug intake less precisely
(Lynch and Carroll, 2001) and showed more binge-like patterns
(Morgan et al., 2002) than males. That females exceed males in a
number of drug-related behaviors is influenced by hormonal
status (e.g., Carroll et al., 2004; Roth et al., 2004); however, it may
also be enhanced by elevated impulsivity, another major
vulnerability factor, in females. Clinical studies of sex differences
in impulsivity have reported mixed findings; i.e., that women
have lower (Kirby andMarakovic, 1996), higher (Wallace, 1979),
or the same (Fillmore and Weafer, 2004; Skinner et al., 2004)
levels of impulsivity compared to males. In a preclinical
experiment addressing the relationship between sex and impul-
sivity, Jentsch and Taylor (2003) used a Go/No-go task in which
rats were trained to respond for a food pellet upon illumination of a
stimulus light (the Go period).When the light was not illuminated
(the No-go period), males had higher levels of responding than
females, indicating higher levels of impulsivity. However, males
and females were fed the same amount of food despite differing
body weights, which may have increased the motivation to
respondmore in males (vs. females). In a second preclinical study
of sex differences in impulsivity, male and female rats performed
similarly on a delay discounting task for food; however, the results
may have been due to a ceiling effect since more than 70% of the
rats (both male and female) were highly impulsive on the task
(Perry et al., submitted for publication-b).

The goal of the present experiment was to determine
whether there were differences in impulsive choices for food
and cocaine reinforcement in male and female HiS and LoS
rats. Based on other forms of drug-seeking behavior (e.g.,
HiSNLoS, FNM) during several phases of addiction, we
hypothesized that HiS rats would be more impulsive than LoS
rats and that females would be more impulsive than males
using delay discounting procedures maintained by presenta-
tion of food pellets or i.v. cocaine infusions. Locomotor
testing was conducted prior to the delay discounting training
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to determine whether there were underlying sex or phenotypic
differences.

2. Methods

2.1. Animals

Eighty-six 90-day old experimentally naїve Sprague–Dawley
rats that were selectively bred for HiS or LoS as previously
described (Carroll et al., 2002; Perry et al., 2006a) were used as
subjects. Briefly, the HiS/LoS rat lines were started by pairing an
avid saccharin-drinking male with several females that had
average levels of saccharin consumption. In subsequent genera-
tions, HiS males with were paired with HiS females, and LoS
males were paired with LoS females (Dess and Minor, 1996). By
the third generation, the saccharin intake of the HiS and LoS lines
diverged. A group of rats in the 17–18th generations were
obtained from a breeding program at Occidental College (Los
Angeles, CA) for continued breeding in our laboratory at the
University of Minnesota (Minneapolis, MN). The outbred status
of the lines has been maintained through periodic mating with the
original parental stock (Holtzman, HSD from Harlan Sprague–
Dawley, Inc., Indianapolis, IN), and siblings, half-siblings, or first
cousins were never paired for mating.

During the food and cocaine self-administration portions
of the experiments, all rats were supplemented after their
daily sessions to maintain them at 85% of their free-feeding
weight (16 g for females and 20 g for males). At the onset of
the study, females weighed approximately 260–300 g and
males weighed 430–480 g. Prior to the experiments, rats were
housed in same-sex pairs in plastic holding cages with ad
libitum food and water. In the locomotor testing and food
delay discounting procedures, rats continued to be housed
individually in plastic holding changes, and they were moved
to experimental chambers for daily sessions. In the cocaine
delay discounting procedure, rats were implanted with a
chronic indwelling catheter in the right jugular vein, and they
subsequently lived in individual experimental chambers.
Upon completion of the cocaine self-administration portion
of the study, rats were housed individually in plastic holding
cages for determination of their saccharin phenotype score.
Throughout the experiments, animals were housed in rooms
that were maintained at a constant temperature (24 °C) and
humidity level and had a 12 h light/dark cycle (lights on at
6:00 a.m.). Use of animals for this protocol was approved by
the University of Minnesota Institutional Animal Care and
Use Committee (protocol #0410A64760). Laboratory facili-
ties were accredited by the Association for Assessment and
Accreditation of Laboratory Animal Care (AAALAC), and
recommended principles of animal care were followed
(National Research Council, 2003).

2.2. Apparatus

2.2.1. Locomotor activity
A circular stainless steel locomotor track (inner diameter

46 cm; outer diameter 71 cm) similar to that reported by Piazza
et al. (1989, 1990) was used to measure locomotor activity over
2 days. The walls of the track were 25 cm high and 5 cm above
the floor of the track, 4 infrared sensors (SE612CV, Banner
Engineering Corp., Minneapolis, MN) were mounted on the
outer wall at 0°, 90°, 180°, and 270°. Sensors were connected to
a VersaMax programmable logic controller (IC200UDR001, GE
Fanuc Automation, Charlottesville, VA), and data were recorded
using PCs and VersaPro software (GE Fanuc Automation,
Charlottesville, VA).

2.2.2. Delay discounting for food
As previously described (Perry et al., 2005), eight-sided

operant chambers consisting of alternating Plexiglas and
stainless-steel walls were used for the food delay discounting
experiment. A 45 mg pellet feeder attached to a pellet delivery
trough (Coulbourn Instruments, Allentown, NJ) was mounted
on one of the stainless steel walls, and standard response levers
were mounted on the stainless steel walls on either side of it.
Three colored (red, yellow, green) stimulus lights (4.6 W) were
mounted above each lever, and a white 4.6 W house light was
located at the top of each chamber. Each chamber was enclosed
in a wooden sound-attenuating enclosure equipped with a small
ventilation fan. PCs andMED-PC software (Med Associates, St.
Albans, VT) were used for data collection and experimental
programming.

2.2.3. Delay discounting for cocaine
Operant chambers identical to those described above were

used for the cocaine delay discounting, with the exception that
the pellet feeder was replaced with an insertion for a food jar,
and the stainless steel walls of the cage were rearranged so that
the levers were placed on two consecutive stainless-steel walls.
Each rat was implanted with an indwelling catheter that was
connected to a metal cannula (C3236, Plastics One, Roanoke,
VA) embedded in the center of a soft plastic covance-infusion
harness (CIH95 Instech Laboratories, Plymouth Meeting, PA).
Spring-covered infusion tubing (C313CS, Plastics One,
Roanoke, VA) connected the metal cannula to a swivel (050-
0022, Alice King Chatham, Hawthorne, CA) that was
connected to a syringe pump (PHM-100 Med Associates, St.
Albans, VT) with Tygon tubing (1.52 mm o.d.; 0.51 mm i.d.,
Fisher Scientific, Springfield, NJ). Syringes (30 ml) and
syringe pumps were mounted on the inside of each rat's
wooden enclosure. Experiments were programmed and data
were recorded using PCs and MED-PC software (Med
Associates, St. Albans, VT).

2.3. Drugs

Cocaine HCl was obtained from the National Institute on
Drug Abuse (Research Triangle Institute, Research Triangle
Park, NC), dissolved in sterile physiological saline, and stored
in 30 ml syringes that were placed in syringe pumps. Drug
solutions were made biweekly and refrigerated, and they were
added to syringes at room temperature as needed. Each cocaine
infusion was delivered at a rate of 0.03 ml/s, and the infusion
duration was 1 s/100 g of body weight.
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2.4. Procedure

2.4.1. Locomotor activity
Because locomotor activity in a novel environment has been

shown to predict subsequent drug self-administration (Mantsch
et al., 2001; Piazza et al., 1989, 1990), the purpose of this part of
the experiment was to determine whether differences in delay
discounting were related to locomotor activity. To obtain mea-
sures of novelty reactivity (Day 1) and basal locomotor activity
(Day 2), each rat was placed in a circular locomotor track and
allowed to run for 45 min on 2 consecutive days as previously
described (Perry et al., 2005). The track was covered with a
sheet of clear Plexiglas during the trials. Locomotor testing was
conducted between 8:00 a.m. and 4:00 p.m., and rats were
tested at the same time each day. Locomotor counts were only
included if the rat interrupted 2 infrared sensors in succession,
and these counts were totaled and recorded in 5 min increments.

2.4.2. Delay discounting for food
As previously described (Perry et al., 2005), daily sessions

began at either 8 a.m. or 11:30 a.m. (with each rat being tested at
the same time each day), and they ended after the completion of
60 trials or 3 h, whichever occurred first. Each session consisted
of 15 4-trial blocks, and in each block, the first trial was a
forced-choice trial on the left lever, and the second trial was a
forced choice on the right lever. These forced choice trials were
signaled by illumination of the stimulus lights above the lever
requiring a response on that trial. The third and fourth trials in
each block were free-choice trials, and the stimulus lights above
both levers were illuminated. A response on one lever yielded
immediate delivery of one grain-based 45 mg pellet (PJA1-
0045, Research Diets Inc., New Brunswick, NJ); whereas, a
response on the other lever resulted in 3 grain-based 45 mg
pellets delivered after a delay. The lever side associated with the
immediate or delayed reward alternated daily. An intertrial
interval (ITI) was imposed immediately following each lever
press so that regardless of the delay associated with the lever
press, each trial would last exactly 60 s. During the ITI, the
stimulus and house lights were turned off, and responses on the
levers had no programmed consequences.

At the start of each experiment, the initial delay to the delivery
of the larger reward was set at 6 s, and it increased or decreased
depending on responding during the free-choice trials (i.e., the
third and forth trials in each block). A response on the larger-
delayed reward lever yielded a 1 s increase in the delay, and a
response on the small-immediate reward lever resulted in a 1 s
decrease in the delay. The adjusting delay determined on the
fourth trial of each block was used as the delay in the forced-
choice trials in the next block of trials. The final adjusting delay
at the end of 60 trials was used for the initial delay in the next
daily session. A mean adjusted delay (MAD) was calculated for
each session by taking the average of all adjusting delays on the
free-choice trials (30 trials per session). This procedure was
repeated until the MAD stabilized, which was defined by vari-
ation of less than 5 s across 5 days and no steadily increasing or
decreasing trends over the 5 days. Following stability, the
quantity of the large-delayed food reinforcer was changed from 3
to 6, and adjusting delay procedures continued until stability was
reached again. Stable MAD values were used as a quantitative
measure of impulsivity, with lower MADs indicating higher
levels of impulsivity. The magnitude of the small-immediate vs.
large-delayed was changed from 3 to 6 in the food-reinforced
task because preliminary data indicated that offering more food
pellets during any given session would result in the animals
completing fewer than 60 trials within the 3-h time limit.

2.4.3. Delay discounting for cocaine
In the cocaine delay discounting portion of the experiment,

indwelling i.v. catheters were implanted. Rats were anesthetized
with ketamine (60mg/kg) and xylazine (10mg/kg), and theywere
also given dopram (5 mg/kg) and atropine (0.15 cc) to facilitate
respiration. They were subsequently implanted with a chronic
indwelling silastic catheter (0.51 mm i.d., 0.94 mm o.d.; Helix
Medical Inc., Carpinteria, CA) in the right jugular vein to the level
of the right atrium as previously described (Carroll et al., 2002;
Perry et al., 2005). Each catheter was approximately 15 cm long,
and it had two beads of prosthetic silicone elastomer (MDX4-
4210; Factor II, Inc., Lakeside, AZ) 3.0 and 3.5 cm from one end.
The distal end of the catheter was led subcutaneously to a medial
incision made 1 cm caudal to the scapulae and connected to the
harness via the cannula. Rats were administered heparin (10 IU/
kg, i.v.) and gentomycin (2.0 mg/kg, i.v.) each day during a 3-day
recovery period after surgery. Additionally, buprenorphine
hydrochloride (0.2 mg/kg) was given subcutaneously once
every 12 h for 48 h following surgery. Following the recovery
period, the cocaine-reinforced delay discounting sessions were
conducted 7 days per week. Catheter patency was checked ap-
proximately every 7 days by administering a solution containing
30 mg/ml ketamine and 1.5 mg/ml midazolam (0.1–0.2 ml, i.v.,
Caine et al., 1999). Patency was assumed if a loss of the righting
reflex was observed immediately following administration.

The cocaine-reinforced delay discounting sessions were
identical to the food-reinforced sessions, with the exception that
i.v. cocaine infusions, instead of food pellets, were delivered
contingent upon a lever press response. The small-immediate
cocaine reinforcer was initially a 0.4 mg/kg infusion, and after
MAD values stabilized, it was changed to 0.2 and 0.8 mg/kg in
nonsystematic order. Stability was defined as MADs varying less
than 4 s over 3 days, with no steadily increasing or decreasing
trends. TheMADwas assessed over amore narrow range of values
(4 s vs. 5 s) and over a shorter number of days (3 days vs. 5 days) in
cocaine sessions (vs. food sessions) because requiring a shorter
stability period decreased the likelihood of maintaining function-
ing catheters during the course of the experiment. The large-
delayed cocaine reinforcer was 3 times (1.8, 3.6, and 7.2 mg/kg)
the amount of the small-immediate reinforcer (0.6, 1.2, and2.4mg/
kg, respectively). The small-immediate cocaine doseswere chosen
because preliminary data from our laboratory suggested that these
doses were all on the ascending limb of the dose-response curve in
HiS and LoS rats (unpublished data). Additionally, we wanted to
keep the 1:3 ratio from the initial food condition, and 3 times each
of these small-immediate doses would result in a cocaine dose that
would be self-administered readily (i.e., the large-delayed cocaine
doses were not too large for the rats to self-administer).
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2.4.4. Saccharin phenotype score testing
Following the completion of testing impulsivity measures,

rats were subjected to a 24-hour two-bottle choice test with
0.1% (w/v) sodium saccharin and water to measure saccharin
intake (Dess et al., 1998). The difference in consumption of
saccharin in the two-bottle choice test and a previous measure of
24-hour water intake (when only water was present) were
calculated as a percentage of the rat's body weight using the
following equation:

Saccharin Phenotype Score

¼ 24 h saccharin intake ðmlÞ � 24 h water intake ðmlÞ
body weight ðgÞ � 100

Using this equation, a positive score indicated saccharin
preference, a negative score indicated a saccharin aversion, and
a score near zero reflected no aversion or preference for
saccharin (Dess et al., 1998). This test was conducted at the end
of the experiment so that saccharin intake would not influence
cocaine- or food-maintained responding.

2.5. Data analysis

Data for the food and cocaine groups were analyzed
independently. In each of these, the main dependent measures
were the Day 1 mean and the Day 2 mean number of locomotor
counts, MAD values, latency to respond on the right and left
levers during both free and forced choice trials, and number of
reinforcers earned per session. The Day 1 and Day 2 mean
numbers of locomotor counts were analyzed in 5-min incre-
ments between HiS and LoS males and females using a 3-way
repeated measures analysis of variance (ANOVA; sex×pheno-
type× time; GB Stat, Dynamic Microsystems, Inc., Silver
Spring, MD). MAD values, response latencies, and number of
reinforcers earned per session were also analyzed using a 3-way
repeated measures ANOVA (sex×phenotype×food reinforcer
magnitude for food groups and sex×phenotype×drug dose for
drug groups). For illustrative purposes, the distribution of MAD
values for each group under each condition was also graphed,
and the skewness and kurtosis of each distribution was
calculated. Within food or drug groups, saccharin phenotype
scores and number of days to reach initial stability criteria were
analyzed using a 2-way ANOVA (sex×phenotype). Between-
group food vs. drug group comparisons were made using a 2-
way ANOVA (saccharin group×food/drug). Post hoc compar-
isons were made with Fisher's LSD protected t-tests, and results
were considered statistically significant if p≤0.05.

3. Results

3.1. Delay discounting for food

3.1.1. Locomotor activity
Fig. 1 shows the Day 1 (left panels) and the Day 2 (right

panels) locomotor counts for female (upper panels) and male
(lower panels) groups. In all figures, activity counts per 5-min
interval decreased in an exponential pattern over the 45 min
sessions. On Day 1, there was a main effect of phenotype
(F1,332=4.48, pb0.05) and interval (F8,332=198.46, pb0.01), and
there was a sex×phenotype interaction (F1,332=12.54, pb0.01), a
phenotype×interval interaction (F8,332=3.17, pb0.01), and a
sex×phenotype×interval interaction (F8,332=2.09, pb0.05). Post
hoc analyses revealed that LoS females had higher locomotor
activity thanHiS females during all but the third interval (pb0.05),
and they had higher locomotor activity than LoS males during all
but the fifth interval (pb0.05). HiS females had less locomotor
activity thanHiSmales during the second 5-min interval (pb0.05).
Males showed fewer phenotype differences than females over the
9 time intervals. LoSmales had higher locomotor activity thanHiS
males during the fifth interval, and HiS males had higher
locomotor activity than LoS males during the last two 5-min
intervals (pb0.05).

The locomotor activity onDay 2 of testing showed significant
effects of 5-min interval (F8,341=91.10, pb0.01). All groups
had significantly higher locomotor activity in the first time
interval compared with the subsequent 8 intervals (pb0.05).
Overall, data from Day 1 indicated that phenotype differences
were more pronounced andmore consistent in females vs. males,
and sex differences were more apparent in LoS vs. HiS groups.
OnDay 2, however, there were no phenotypic or sex differences.

3.1.2. MADs
Fig. 2 shows the average MAD values for HiS and LoS males

and females during the 5 days of stable performance on the food
delay discounting procedure grouped by sex (upper frames) and
phenotype (lower frames). Overall, HiSmale and female rats had
significantly lower MADs (were more impulsive) compared
with LoS male and females (F1,77=5.60, pb0.05). There was
also a sex× reinforcer magnitude (1 vs. 3 or 1 vs. 6) interaction
(F1,77=6.43, pb0.05). LoS females were more impulsive than
LoS males when choosing between 1 vs. 3 pellets (pb0.05), and
this was also the condition (1 vs. 3, LoS) under which the highest
MADs (lowest impulsivity) occurred. There were no sex
differences in HiS rats, and these were the conditions (1 vs. 3
and 1 vs. 6, HiS) under which the lowest MADs (highest
impulsivity) were found. There were no significant changes in
impulsivity as a function of reinforcer magnitude. Overall, these
results indicated more significant differences in the phenotype
than the sex variable.

3.1.3. MAD distributions
Adistribution of the averageMADvalues for all groups in the

1 vs. 3 (a) and 1 vs. 6 (b) pellet conditions over the 5 stable days
of each condition is presented in Fig. 3. When the reinforcer
magnitude was 1 vs. 3, HiS female, LoS female, and HiS male
groups had distributions that were centered around 2–10 s, while
the distribution for LoS males showed a greater spread. In the 1
vs. 3 pellet condition, the distributions for HiS females, LoS
females, and LoS males were slightly flatter than a normal
distribution (kurtosis: 0.24, −1.64, and 0.22, respectively),
while the distribution for HiS males was peaked compared to a
normal distribution (kurtosis: 5.80). All groups had distributions
that were skewed to the right (skewness: HiS females=1.04,
LoS females=0.34, HiS males=2.29, and LoS males=1.26).



Fig. 1. Day 1 (left panels) and Day 2 (right panels) locomotor counts (±SEM) in the HiS and LoS female (top panels) and male (bottom panels) groups over a 45-min
period. Filled symbols refer to HiS and open symbols refer to LoS groups. Activity significantly decreased in an exponential pattern over the 45 min. Overall, LoS rats
had significantly greater locomotor activity than HiS rats on Day 1 (⁎ pb0.05).

827J.L. Perry et al. / Pharmacology, Biochemistry and Behavior 86 (2007) 822–837
In the 1 vs. 6 pellet condition, HiS females and HiS males
continued to have distributions that were centered around 2–
10 s. The distribution for LoS females, HiS males, and LoS
Fig. 2. Mean (±SEM) adjusted delay (s) in the HiS and LoS female and male groups d
LoS groups. Circles indicate females and triangles indicate males. Overall, HiS rats h
lower MADs than LoS males in the 1 vs. 3 pellet condition (# pb0.05).
males was flattened compared to a normal distribution (kurtosis:
−0.67, −1.56, and −0.01), and the distribution for HiS females
was peaked compared to both the normal distribution and the
elay discounting for food. Filled symbols refer to HiS and open symbols refer to
ad lower MADs (higher impulsivity) than LoS rats (⁎ pb0.05). LoS females had



Fig. 3. Distribution of MAD scores in the HiS and LoS female and male groups in the 1 vs. 3 (a) and 1 vs. 6 (b) pellet conditions. Dotted lines denote the median score
for each group.
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HiS females distribution for the 1 vs. 3 pellet condition. Again,
all groups had distributions that were skewed to the right
(skewness: HiS females= 2.18, LoS females= 0.56, HiS
males=0.82, and LoS males=1.32), with the HiS females'
distribution becoming more skewed, and the HiS males'
distribution becoming less skewed. Overall, the center of the
HiS rats' MAD distributions were shifted left compared to LoS
rats. There were no consistent trends in MAD distributions as a
function of sex or number of larger-delayed pellets. Thus,
phenotype and sex differences in MADs (Fig. 3) were due to
leftward shifts (HiS) in the MAD distribution rather than
distinctly different distribution patterns.



Fig. 4. Mean (±SEM) number of food pellets earned in the HiS and LoS female and male groups delay discounting for food. Filled symbols refer to HiS and open
symbols refer to LoS groups. Circles indicate females and triangles indicate males. Overall, HiS rats earned more than LoS rats (⁎ pb0.05), males earned more food
pellets than females (# pb0.05), and all groups earned more pellets when the reinforcer magnitude was 1 vs. 6 compared to 1 vs. 3.
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3.1.4. Number of reinforcers earned
Fig. 4 shows the mean (±SEM) number of food pellets earned

in each group. Overall, male HiS and LoS rats earned more food
pellets than female HiS and LoS rats (F1,77=16.26, pb0.01),
HiS rats earned more pellets than LoS rats (F1,77=6.23,
pb0.05), and all groups earned significantly more food pellets
when the reinforcer magnitude was 1 vs. 6 compared to 1 vs. 3
(F1,77=104.28, pb0.01). Additionally, there was a sex×rein-
forcer magnitude interaction (F1,77=20.65, pb0.01). In the 1 vs.
6 pellet condition, HiS and LoS males earned more food pellets
than HiS and LoS females, respectively (pb0.01).

3.1.5. Days to stable MADs, response latencies and saccharin
phenotype scores

Table 1 lists the number of days to reach stable MAD values,
latencies to respond on the left and right levers during the free and
forced choice trials, and the saccharin phenotype scores for all
Table 1
Mean (SEM) number of days to reach initial MAD stability, response latencies and

N Days to
MAD
stability

1 vs. 3 pellet condition

Left response latency (s) Right response latency

HiSF 10 50.5(7.0) 37.6(10.6) 42.7(14.6)
LoSF 10 21.2(2.4) 45.1(10.8) b 92.1(45.4) b

HiSM 9 20.4(5.0) c 20.2(2.0) c 26.5(5.8) c

LoSM 10 10.3(1.9) c 92.7(33.5) b, c 46.5(10.6) b, c

a significantly greater than the 1 vs. 3 pellet condition.
b significantly different than HiS males and females.
c significantly less than HiS and LoS females.
groups. Females took significantly longer than males to reach
initial MAD stability (F1,38=7.90, pb0.01), but there were no
differences due to phenotype.

Analysis of the latencies to respond on the left lever showed
that HiS and LoS females had significantly longer response
latencies than HiS and LoS males (F1,77=7.04, pb0.05), and
response latencies were significantly longer in the 1 vs. 6 pellet
condition compared with the 1 vs. 3 pellet condition (F1,77=
48.13, pb0.01). There was also a sex×reinforcer magnitude
interaction (F1,77=14.29, pb0.01), such that when the rein-
forcer magnitude was 1 vs. 6 (but not when it was 1 vs. 3) HiS
and LoS females had longer response latencies than HiS and
LoS males (pb0.05). Analysis of the right response latencies
revealed a main effect of reinforcer magnitude (F1,77=20.86,
pb0.01), with all groups taking longer to respond during the 1
vs. 6 pellet condition compared with the 1 vs. 3 pellet condition.
Overall, response latencies were longer in the 1 vs. 6 pellet
saccharin phenotype scores for food-reinforced delay discounting groups

1 vs. 6 pellet condition Saccharin
phenotype
score

(s) Left response latency (s) Right response latency (s)

298.3(74.1) b 172.8(30.2) a 50.5(7.0)
340.8(51.8) a 249.1(63.8) a, b 21.2(2.4) b

84.7(42.4) a, c 53.6(25.9) a, c 20.4(5.0) c

191.9(43.3) a, b, c 165.5(69.3) b, c 10.9(2.0) b, c



Fig. 5. Day 1 (left panels) and Day 2 (right panels) locomotor counts (±SEM) in the HiS and LoS female (top panels) and male (bottom panels) groups over a 45-min
period. In all figures, activity counts significantly decreased in an exponential pattern over the 45 min. On Day 1 of testing, LoS rats had significantly greater locomotor
activity than HiS rats (⁎ pb0.05).
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condition compared with the 1 vs. 3 pellet condition, and there
was a tendency for males to have shorter response latencies than
females in the 1 vs. 6 pellet condition.

Analysis of saccharin phenotype scores (presented in Table 1)
revealed that females had significantly higher saccharin pheno-
Fig. 6. Mean (±SEM) adjusted delay (s) in the HiS and LoS female and male groups p
open symbols refer to LoS groups. Circles indicate females and triangles indicate mal
type scores than males (F1,36=18.68, pb0.01), and HiS rats had
significantly higher saccharin phenotype scores than LoS rats
(F1,36=17.24, pb0.01). Additionally, there was a sex×phenotype
interaction (F1,36=4.52, pb0.05), such that HiS females had
significantly higher saccharin phenotype scores than LoS
erforming the delay discounting for cocaine task. Filled symbols refer to HiS and
es. Generally, impulsivity increased (lower MADs) significantly at higher doses.



Fig. 7. Distribution of MAD scores in the HiS and LoS female and male groups when the small, immediate reinforcer was 0.2 (a), 0.4 (b), and 0.8 (c) mg/kg cocaine.
Dotted lines denote the median score for each group.
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females, HiSmales, and LoSmales (pb0.01). Thus, the saccharin
intake status of the selectively bred groups was confirmed.

3.2. Delay discounting for cocaine

3.2.1. Locomotor activity
Fig. 5 shows the mean Day 1 (left panels) and Day 2 (right

panels) locomotor counts for female (upper panels) and male
(lower panels) cocaine groups. In all figures, activity counts per
5-min interval decreased in an exponential pattern over the
45 min. On Day 1, LoS rats had significantly greater locomotor
activity than HiS rats (F1,386=9.42, pb0.01). On both Day 1 and
Day 2 of locomotor testing, there was a significant main effect of
interval (Day 1: F8,386=163.20, pb0.01, Day 2: F1,368=89.91,
pb0.01), with all groups having greater locomotor activity in the
first 5-min interval than in the subsequent intervals.



Fig. 7 (continued ).
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3.2.2. MADs
Fig. 6 shows MADs (s) over 3 cocaine doses in each group.

There was a significant effect of dose (F2,140=3.10, p=0.05),
indicating that generally impulsivity increased (lower MADs)
with higher doses (possibly due to the direct drug effects);
however, no significant phenotype or sex differences were found.
MADs for cocaine were in the same range as they were for food
(Fig. 2). There was not a distinct decrease in MAD for females
(vs. males) or HiS (vs. LoS) as there was with food (Fig. 2).

3.2.3. MAD distributions
In Fig. 7, the distribution of MAD values is presented when

the small-immediate reinforcer was 0.2 (a), 0.4 (b), and 0.8
(c) mg/kg cocaine. The MAD distributions for cocaine show
similar kurtosis to the distributions for food, and also similar to
the food distributions, they are skewed to the right. When
0.2 mg/kg cocaine was the small-immediate reinforcer, the
distribution for HiS females was slightly peaked compared to the
normal distribution (kurtosis: 3.80); while the distributions for
LoS females, HiS males, and LoS males were flatter near the
mean for each group (kurtosis: 1.44, −1.66, and 0.55, res-
pectively). All distributions were skewed to the right, and HiS
females', LoS females', and LoS males' distributions were more
skewed (skewness: 1.69, 1.55, 1.18, respectively) than the HiS
males' distribution (skewness: 0.34).

When the small-immediate reinforcer was 0.4 mg/kg cocaine,
HiS females, LoS females, and HiS males had flatter distributions
than the normal distribution (kurtosis: HiS females=0.78, LoS
females=1.83, and HiS males=0.37); however, the LoS males'
distribution was more peaked (kurtosis: 4.64). All distributions
were skewed to the right, and again, the HiS males' distribution
had the most symmetry (skewness: HiS females=1.45, LoS
females=1.30, HiS males=0.76, and LoS males=2.16). As the
dose of the small-immediate reinforcer was increased from 0.4 to
0.8mg/kg, the distribution of the HiSmales'MADs becamemore
peaked around the mean (kurtosis: 8.12), while the HiS females',
LoS females', and LoS males' distributions were flatter (kurtosis:
1.62, −0.09, and −1.11, respectively). The distributions for LoS
females and LoS males displayed the most symmetry (skewness:
0.93 and 0.20, respectively), while the HiS females' and HiS
males' distributions were more skewed to the right (skewness:
1.26 and 2.77, respectively). Similar to the distributions for delay
discounting for food, the means of HiS rats were shifted to the left
compared to LoS rats especially when 0.8 mg/kg cocaine was the
low immediate dose.

3.2.4. Number of reinforcers earned
The mean (±SEM) number of cocaine infusions earned in the

HiS and LoS female and male groups is presented in Fig. 8. HiS
and LoS females earned significantly more cocaine infusions than
HiS and LoSmales (F1,140=6.03, pb0.05). Additionally, HiS rats
earned more infusions than LoS rats (F1,140=5.20, pb0.05), and
in all groups, there were dose-dependent decreases in the number
of cocaine infusions self-administered (F2,140=54.69, pb0.01).
Drug intake at the highest dose was approximately twice the
intake at the lowest dose in all groups.

3.2.5. Days to stable MADs, response latencies, and saccharin
phenotype scores

The number of days to reach initial MAD stability, response
latencies on the left and right levers during both the free and
forced choice trials, and saccharin phenotype scores are presented



Fig. 8. Mean (±SEM) number of infusions earned in the HiS and LoS female and male groups. Filled symbols refer to HiS and open symbols refer to LoS groups.
Circles indicate females and triangles indicate males. Overall, HiS rats earned more infusions than LoS rats (⁎ pb0.05) and females earned more cocaine infusions than
males (# pb0.05). There were significant dose-dependent decreases in the number of infusions earned.
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in Table 2. Females took significantly longer to reach stability
criteria than males (F1,45=6.68, pb0.05), and HiS rats took
significantly longer than LoS rats to reach stability (F1,45=6.51,
pb0.05).

There was a significant effect of dose on latency to respond
on the left lever (F2,80=6.30, pb0.01), with the longest
response latencies occurring at the highest cocaine doses (i.e.,
0.8 vs. 2.4 mg/kg). Right response latencies were higher in LoS
rats compared to HiS rats (F1,80=4.60, pb0.05). Similar to left
latencies, right latencies were dose-dependent (F2,80=12.09,
pb0.01), and the longest latencies typically occurred at the
highest cocaine dose. There were also sex×dose (F2,80=4.66,
pb0.05) and sex×phenotype×dose (F2,80=5.88, pb0.01)
interactions. In HiS males, HiS females, and LoS males,
response latencies were significantly higher at the highest dose
(0.8 vs. 2.4 mg/kg) compared with the lowest dose (0.2 vs.
Table 2
Mean (SEM) number of days to reach initial MAD stability, response latencies, and

N Days to
MAD
stability

0.2 vs. 0.6 mg/kg Cocaine 0.4 vs. 1.

Left response
latency (s)

Right response
latency (s)

Left respo
latency (s

HiSF 12 23.7(4.3) 288.5(51.8) 217.7(20.2) 125.4(22.
LoSF 12 13.8(1.5) b 315.9(36.9) 228.1(35.4) 236.1(81.
HiSM 11 13.7(2.1) c 331.4(65.0) 255.1(61.3) 119.3(21.
LoSM 12 10.5(1.8) b, c 339.8(39.7) 298.1(80.5) 300.9(146
a significantly greater than the 0.2 vs. 0.6 mg/kg cocaine condition.
b significantly less than HiS males and females.
c significantly less than HiS and LoS females.
0.6 mg/kg; pb0.05). LoS males had significantly longer right
response latencies than HiS males, HiS females, and LoS
females when the small, immediate reinforcer was 0.2 mg/kg
cocaine (pb0.05). Overall in each group, response latencies on
the right or left lever were longer at the highest dose of cocaine
compared with the lowest dose of cocaine.

Analysis of saccharin phenotype scores (presented in Table 2)
revealed that females had significantly higher scores than males
(F1,39=9.11, pb0.01), and HiS rats had significantly higher
scores than LoS rats (F1,39=17.61, pb0.01), confirming the
selective breeding. HiS and LoS females in the cocaine-
reinforced delay discounting\groups had significantly lower
saccharin phenotype scores compared with HiS and LoS females
in the food-reinforced delay discounting groups, respectively
(pb0.05). There were no differences in saccharin phenotype
scores between food or drug groups in HiS and LoS males.
saccharin phenotype scores for cocaine-reinforced delay discounting groups

2 mg/kg Cocaine 0.8 vs. 2.4 mg/kg Cocaine Saccharin
Phenotype
Score

nse
)

Right response
latency (s)

Left response
latency (s)

Right response
latency (sec)

4) 108.2(13.7) 393.0(38.8) 352.2(23.4) a 23.5(3.6)
5) 142.2(19.6) 801.4(386.2) 471.6(85.9) 9.6(2.7) b

1) 134.7(31.4) 415.3(90.4) 406.6(94.0) a 12.8(2.9) c

.2) 454.8(199.2) 527.6(117.0) 304.3(81.7) a 4.0(1.2) b, c
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4. Discussion

In the present experiment, HiS females and males were more
impulsive than LoS females and males, respectively, for food
reinforcers. When the reinforcer magnitude was 1 vs. 3 pellets,
LoS females were more impulsive than LoS males. Thus, sac-
charin phenotype and sexwere significantly related to impulsivity
for food. The magnitude of delayed pellet reinforcement (3 vs. 6)
did not have a significant effect, suggesting that this variable was
not strongly related to impulsivity. This study is the first to
examine impulsive choices for cocaine reinforcers; however,
there were no significant phenotype or sex differences. Generally,
impulsivity increased with higher doses on the delay discounting
for cocaine task, and this may have been due to the direct, dose-
dependent stimulating effects of cocaine on operant behavior.

4.1. Delay discounting for food

The purpose of the locomotor testing was to determine
whether differences in impulsivity as measured by the delay
discounting task could be due to underlying differences in
locomotor activity or reactivity to a novel task. In rats that
performed the delay discounting task for food, LoS females had
a higher exploratory response to the novel locomotor track
(based on Day 1 performance) than HiS females and LoS males;
however, there were no phenotypic or sex differences in basal
locomotor activity (based on Day 2 performance). That LoS
females were more active on Day 1 of testing is consistent with
previous reports of running-wheel activity; female LoS rats ran
more on a running wheel thanHiS rats under both food-restricted
and free-feeding conditions (Dess et al., 2000). Locomotor
activity in a novel environment was predictive of acquisition of
drug self-administration in other studies (Mantsch et al., 2001;
Piazza et al., 1989, 1990), and impulsivity also predicted
acquisition of drug self-administration (Perry et al. 2005).
Therefore, locomotor activity was assessed to determine the
relationship between these three factors (locomotor activity,
impulsivity, saccharin intake) that have been shown to predict
vulnerability to drug abuse. In the present experiment, there was
no relationship between impulsivity and locomotor activity, and
this is consistent with previous results (Perry et al. 2005). LoS
females showed more locomotor activity in a novel environment
(Day 1) andwere less impulsive than HiS females; however, LoS
females had more locomotor activity than LoS males, and were
more impulsive. This suggests that differences in impulsivity are
due to phenotypic differences in incentive motivation and not to
locomotor activity in a novel environment. Additionally, while
locomotor activity in a novel environment, impulsivity, and
saccharin preference are all vulnerability factors in drug abuse,
they are not necessarily related to each other or related to the
same underlying aspect of drug abuse.

In the delay discounting for food paradigm, there were higher
levels of impulsivity (lower MADs) in HiS rats compared to LoS
rats, and higher impulsivity in LoS females compared to LoS
males (when choosing between 1 vs. 3 pellets). In other
experiments, we have not found sex differences in impulsivity,
possibly due to a ceiling effect because most rats tend to be
highly impulsive (Perry et al., submitted for publication-b). The
difference may have emerged in the present study due to the
selective breeding which yielded a wider range of MAD values.
Similar to the Wistar rats in our other experiment (Perry et al.,
submitted for publication-b), the majority of HiS rats hadMADs
between 2 and 6 s. LoS rats, however, had wider (2 to 20 s)
distributions, which may have allowed for the expression of sex
differences. For example, in the present experiment there were
sex differences in LoS rats, while the lack of sex differences in
HiS rats may have been due to a floor effect onMAD values (or a
ceiling effect on impulsiveness).

In the food portion of this study, there was no main effect of
large-delayed reinforcer magnitude. In humans, increasing
reinforcer magnitude has consistently decreased impulsive choice
(e.g., Baker et al., 2003; Johnson and Bickel, 2002). However, in
rodents the results are mixed; increasing the amount of the
delayed reinforcer decreased impulsive choice (Wade et al., 2000)
or had no effect (Green et al., 2004; Richards et al., 1997). In
another study, increasing the magnitude (concentration) of a
sucrose solution also increased impulsive choice (Farrar et al.,
2003). As the larger, delayed reinforcer was increased from 3 to 6
pellets, all groups earned more pellets (because more pellets were
available to self-administer) and had longer response latencies.
The longer response latencies in the 1 vs. 6 pellet condition may
have been a result of satiation, since more pellets were typically
earned in this condition compared to the 1 vs. 3 pellet condition.
Response latencies for the 1 vs. 3 pellet condition in the present
study were similar to response latencies in other studies that used
this procedure (Perry et al., 2005, submitted for publication-b).
However, it is possible that response latencies would be shortened
under all conditions if retractable levers were used, making
stimulus changes more salient. Additionally, in the 1 vs. 6 pellet
condition, HiS and LoS males earned significantly more pellets
and had significantly shorter response latencies than their HiS and
LoS female counterparts. Thismay have been due to a larger body
weight in males compared to females.

4.2. Delay discounting for cocaine

Patterns of locomotor activity in rats that performed the
delay discounting task for cocaine were similar to those in rats
responding for food. Specifically, in all groups, locomotor
activity decreased in an exponential pattern over the 45-min test
period. On Day 1, locomotor activity was higher in LoS rats
compared with HiS rats. This is similar to the locomotor activity
obtained in the food groups, with the exception that there were
no sex differences on Day 1 of testing in the LoS rats. The lack
of sex differences on Day 1 of testing in the cocaine groups
compared with the food groups may have been due to low levels
of locomotor activity in two of the LoS males in the delay
discounting for food group.

That there were no significant phenotypic or sex differences
in impulsive choices for cocaine at any dose tested is difficult to
interpret because as cocaine is self-administered, its direct
effects may influence impulsivity. A previous study in rats
showed that cocaine increased impulsivity on a delay discount-
ing for food task (Logue et al., 1992). Therefore, in the present
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study, cocaine may be increasing impulsivity as the session
progresses and the cumulative cocaine dose increases. This may
indicate that higher cocaine doses increase impulsivity to a
greater extent than lower doses. It is unclear whether cocaine's
ability to increase impulsivity would be uniform across HiS/LoS
male/female groups, as these groups are differentially sensitive
to cocaine self-administration in several phases of addiction
(Carroll et al., in preparatin-a,b, 2002, Perry et al., 2006a). Thus,
it would be interesting to measure delay discounting for food in
HiS and LoS male and female rats both before and after cocaine
self-administration to determine whether cocaine self-adminis-
tration alters delay discounting for food in the same way it seems
to alter delay discounting for cocaine.

It is also possible that the phenotypic differences in delay
discounting for food, but not cocaine, can be attributed to the
palatability of food. HiS rats showed higher impulsivity than
LoS rats only when the reinforcer was a palatable substance,
food (vs. cocaine). Previous research has indicated that HiS rats
showed greater preferences for a variety of sweet, salty, and
starchy solutions compared with LoS rats (Dess, 2000). This
may reflect differing levels of incentive motivation for a variety
of foods in HiS and LoS groups, and it may have influenced
their behavior in the delay discounting task when food was a
reinforcer. In the present study, grain-based pellets were used,
however, it would be interesting to assess performance on this
task using other types of food pellets (e.g., sucrose pellets) to
determine whether the palatability of the food reinforcer used
plays a role in impulsive choices in HiS and LoS rats.

The magnitude of the difference between the small, immediate
and large, delayed reinforcer was held constant in the delay
discounting for cocaine task (that is, the large, delayed reinforcer
was always 3× the small, immediate reinforcer). However, in the
delay discounting for food task, the magnitude of the large rein-
forcer varied from 3× to 6× the small reinforcer. It is possible that
there would have been more sex or phenotypic differences due to
cocaine dose if we had altered the relative magnitude (e.g., 1 vs. 3,
1 vs. 6) of the immediate vs. delayed cocaine reinforcers, as we did
with the food reinforcers.

The descending limb of the dose-response curve was
produced in this experiment, and response latencies for all
groups increased at higher doses (compared to lower doses).
Female rats earned more infusions than male rats, and HiS rats
earned more infusions than LoS rats. These results are consistent
with data showing that females (Carroll et al., 2004) and HiS rats
(Carroll et al., 2002) have a greater propensity to self-administer
drugs of abuse than males and LoS rats, respectively.

The saccharin phenotype scores obtained during the 2-bottle
choice test were comparable to scores obtained in previous
experiments. For example, HiS females in the present
experiment had mean saccharin phenotype scores of 50.48
(±6.97; food group) and 23.52 (±3.59; cocaine group); whereas,
in previous studies, they had mean scores of 24.4 and 31.1
(Carroll et al., 2002) or 33.7, 39, and 32.9 (Perry et al., 2006a).
LoS females in the present study had mean scores of 21.18
(±2.39; food group) and 9.62 (±2.68; cocaine group), and in
previous studies they had mean scores of 13.4 and 8.7 (Carroll
et al., 2002) or 21.5, 9.0, and 17.6 (Perry et al., 2006a). There
was a similar pattern for the HiS and LoS males; such that in
both the present and in recent studies (Carroll et al., 2002; Dess
et al., 2005), HiS rats had higher saccharin phenotype scores
than LoS rats, and females had higher saccharin phenotype
scores than males. In the present study, HiS and LoS female
food groups had significantly higher saccharin phenotype
scores than their respective cocaine groups. It is possible that
exposure to cocaine influenced saccharin phenotype scores in
females. Alternatively, the delay discounting for food procedure
may have increased subsequent consumption of a saccharin
solution more in females than males.

Overall, females exceed males in drug-seeking and drug-
related behavior across several phases (Carroll et al., 2004) of the
addiction process (e.g., acquisition, escalation, reinstatement).
Similarly, HiS rats outperform LoS rats under many of the same
drug-related conditions, such as acquisition (Carroll et al., 2002),
escalation (Perry et al., 2006a), and reinstatement (Perry et al.,
2006a) of drug-seeking behavior. Interestingly, one area where
males show a greater drug effect than females is in disruptions in
operant behavior during drug withdrawal (Perry et al., 2006b),
and recent evidence suggests that LoS rats also exceed HiS rats in
their behavioral suppression during drug withdrawal (Dess et al.,
2005). The literature and the present results emphasize the
salience of selective breeding for saccharin intake and sex as
factors that influence vulnerability to drug abuse.

Recent evidence suggests that impulsivity is an additional
vulnerability factor for drug abuse (e.g., Mitchell et al., 2006;
Perry et al., 2005, submitted for publication-b; Poulos et al.,
1995). In the present study, HiS rats were more impulsive than
LoS rats when food was the reinforcer, suggesting that there may
be a relationship between impulsivity and excessive saccharin
intake. Additionally, female LoS rats were more impulsive than
male LoS rats on the delay discounting for food task. Thus,
under some conditions, sex and impulsivity may also be related.
Since any one of these vulnerability factors predicts vulnerabil-
ity to drug abuse, it is possible that having two or more of these
factors may have additive effects, yielding even greater
vulnerability to drug abuse. For example, in male and female
Wistar rats selected for high (HiI) and low (LoI) impulsivity
based on an adjusting delay task, female HiI rats reinstated
cocaine-seeking behavior following a cocaine priming injec-
tions to a greater extent than female LoI rats and male HiI and
LoI rats (Perry et al., submitted for publication-b).

In summary, the results of this experiment suggest that HiS rats
are more impulsive for food reinforcers than LoS rats, and that
LoS females weremore impulsive than LoSmales. There were no
group differences in impulsive choices for cocaine; however,
these results may have been influenced by the effect of cocaine on
impulsivity during the session, as there was a decrease in MAD
(increased impulsivity) as cocaine dose (and consumption)
increased. This experiment provides evidence supporting additive
vulnerability of factors, such as sex or excessive intake of a dietary
substance, that may influence both impulsivity and drug abuse.
Future research focusing on the neurobiological mechanisms
underlying the relationship between excessive saccharin con-
sumption, impulsivity, and drug-seeking behavior may clarify the
relationship among these three factors.
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