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Abstract
Studies on the reinstatement of drug-seeking after withdrawal from chronic drug self-administration
have varied in terms of the procedures by which animals are initially trained to self-administer the
drug. The current study directly compared whether prior operant training for food pellet
reinforcement and/or maintained dietary restriction significantly altered the reinstatement of
extinguished cocaine-seeking in the presence of cocaine-paired cues, a priming injection of cocaine
(10 mg/kg; i.p.), and the pharmacological stressor, yohimbine (1.25 or 2.5 mg/kg, i.p.). Male Long-
Evans rats were divided into four groups as follows: a) trained to lever press for food pellets prior to
cocaine self-administration and then maintained on a restricted diet, b) trained to lever press for food
pellets prior to cocaine self-administration and then placed on an ad libitum diet, c) untrained and
maintained on a restricted diet, or d) untrained and placed on ad libitum feeding. All rats readily self-
administered cocaine (0.2 mg/50 µl/infusion) and were subsequently extinguished in the absence of
cocaine or previously cocaine-paired cues (light+tone). Following extinction, rats experienced cue-,
cocaine-, and yohimbine-induced reinstatement testing. No significant differences were seen between
groups for lever responding during the maintenance phase and during extinction. Likewise,
reinstatement of cocaine-seeking did not vary across groups for cue-, cocaine-, or yohimbine-induced
reinstatement. Under these specific parameters, operant training prior to cocaine self-administration
and/or dietary restriction do not significantly alter reinstatement of cocaine-seeking. The results
arguably support the approach of not using prior lever training with a non-drug reinforcer and to limit
the use of dietary restriction only to the acquisition phase of drug self-administration.
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1. Introduction
A central feature of addictive disorders is the recurrent relapse to drug-seeking behavior after
periods of abstinence from prolonged drug use. Clinical and pre-clinical studies indicate that
exposure to drug-associated environmental cues (Childress et al., 1993; See, 2002), stressful
stimuli (Shaham et al., 2000; Sinha et al., 2000), and the drug itself (de Wit and Stewart,

*Corresponding author: Dr. Ronald E. See, Department of Neurosciences, Medical University of South Carolina, 173 Ashley Avenue,
Charleston, SC 29425, TEL: 843-792-2487, FAX: 843-792-4423, E-mail: seere@musc.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Pharmacol Biochem Behav. Author manuscript; available in PMC 2009 April 1.

Published in final edited form as:
Pharmacol Biochem Behav. 2008 April ; 89(2): 227–233.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



1981; Jaffe et al., 1989) are sufficient to produce craving in abstinent addicts and reinstatement
of drug-seeking in experimental animals. The extinction/reinstatement paradigm is a
preclinical animal model that has been developed to investigate the underlying neurobiological
substrates of relapse (Meil and See, 1997; Neisewander et al., 2000; Weiss et al., 2000) and to
test putative anti-relapse medications (Baker et al., 2003;Feltenstein et al., 2007; Heidbreder,
2005). In this model, animals repeatedly self-administer a commonly abused substance (e.g.,
cocaine) over a number of days. Once a steady level of drug self-administration is achieved,
drug-seeking behavior is subsequently extinguished through active dissociation between
operant responses made to obtain the drug and drug reinforcement. Upon presentation of drug-
associated environmental cues, stressful stimuli, or the drug itself, animals will robustly
reinstate previously extinguished drug-seeking as measured by increases in responding on the
previously drug reinforced lever (Feltenstein and See, 2006; Fuchs et al., 2004b; Meil and See,
1996; Moffett and Goeders, 2007).

Although the reinstatement model is widely used to model various aspects of relapse in humans,
a number of possibly critical methodological distinctions exist between laboratories. One issue
concerns the procedures for operant training prior to drug self-administration. For instance,
prior to i.v. drug self-administration, animals are often initially trained to respond for non-drug
reinforcers (e.g., food or sucrose pellets) in order to facilitate the acquisition of operant
responding for the drug (Ahmed et al., 2000; Baker et al., 2003; Di Ciano et al., 2001; Meil
and See, 1996; Sutton et al., 2003; Weiss et al., 2000). Following a limited training period to
respond for food reward, i.v. drug self-administration begins after various intervals. Since the
animal has experienced reinforcement for both non-drug and drug, it is possible that lever
responses made during subsequent reinstatement testing cannot exclusively be attributed to
drug-seeking. Thus, operant training for non-drug reinforcers prior to drug self-administration
may confound reinstatement effects under certain circumstances.

An additional methodological issue involves the use of dietary restriction as a method to
promote appetitive drug-seeking in the operant context. It has been shown that acute and
chronic food restriction (approximately 30 – 40% of free feeding daily ration) augments oral
and intravenous drug intake in experimental animals (Carroll et al., 1981; Carroll and Meisch,
1979), possibly through the enhancement of the centrally rewarding pathways that underlie
commonly abused drugs (Cabeza de Vaca and Carr, 1998; Carr et al., 2000). In addition to
food restriction enhancement of drug-taking, food restriction can also promote enhanced
responding during extinction as compared to conditions of no food restriction (Comer et al.,
1995). Furthermore, acute (1 day) food restriction and/or deprivation (no food) can act as a
stressor to facilitate the reinstatement of cocaine- and heroin-seeking behavior (Carroll,
1985; Shaham et al., 2003; Shalev et al., 2001). It is possible that the intrinsic motivation driven
by interoceptive cues to seek food may confound the ability to discern motivation to seek drug
after a period of abstinence.

While it has been experimentally demonstrated that food restriction augments drug-taking and
drug-seeking, the effects of dietary restriction in conjunction with prior operant training for
non-drug reinforcement on reinstatement behavior have not been directly compared. Therefore,
the current study assessed whether food restriction and/or prior operant training produced
measurable differences in reinstatement to drug-seeking produced by cocaine-paired cues
(See, 2002), acute non-contingent cocaine injections (Kippin et al., 2006), or the
pharmacological stressor yohimbine, an α2 noradrenergic receptor antagonist which reliably
produces reinstatement of drug-seeking (Feltenstein and See, 2006; Shepard et al., 2004). We
utilized yohimbine since it robustly increases norepinepherine release in neural structures
implicated in stress (Khoshbouei et al., 2002), and potently increases drug-seeking in rats with
a prior history of methamphetamine (Shepard et al., 2004), cocaine (Feltenstein and See,
2006), or alcohol (Le et al., 2005) self-administration. Additionally, stress activation by
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yohimbine has clinical correlates in that it induces craving in drug-dependent human subjects
(Stine et al., 2002).

2. Methods
2.1. Subjects

A total of 51 adult male Long Evans rats (Charles River Laboratories, Wilmington, MA)
weighing 250–275 g at the beginning of the experiment were used. Upon arrival, rats were
handled and given 4–5 days to acclimate to their environment. All animals were individually
housed in a climate controlled reverse light/dark cycle room (lights on: 7 am, lights off: 7 pm)
and given access to ad libitum food and water until experimental procedures began. All
experimental procedures occurred during the dark phase of the cycle. Housing and care of the
rats were carried out in accordance with the “Guide for the Care and Use of Laboratory
Rats” (Institute of Laboratory Animal Resources on Life Sciences, National Research Council,
1996).

2.2. Experimental groups
Before drug self-administration began, animals were randomly assigned to one of four
experimental groups: Untrained/ad libitum diet (UT/AL; n=14), Untrained/restricted diet (UT/
R; n=13), Food trained/ad libitum diet (FT/AL; n=12), and Food trained/restricted diet (FT/R;
n=12). Animals in the FT/AL and FT/R groups experienced lever response training for food
pellets prior to cocaine self-administration and were maintained on either a restricted diet for
the duration of the experiment (FT/R), or until levels of responding for cocaine met a pre-set
criterion (FT/AL), at which point they were switched to an ad libitum diet for the remainder
of the experiment. Animals in the UT/R group did not experience lever training prior to cocaine
self-administration, but were maintained on a restricted diet throughout the duration of the
experiment. Finally, animals in the UT/AL group did not experience lever training prior to self-
administration, and once cocaine-taking behavior was acquired, animals were maintained on
an ad libitum diet throughout the duration of the experiment.

2.3. Lever response training for food reinforcement
For those animals that were trained to lever press for food reinforcement (FT/AL and FT/R
groups), training occurred in standard self-administration chambers (30×20×20 cm) controlled
by a computerized data collection program (MED-PC, Med Associates Inc., St. Albans, VT,
USA). Chambers were equipped with two retractable levers, a stimulus light above each lever,
a food pellet dispenser between the levers, a speaker linked to a programmable tone generator
(ANL-926, Med Associates), and a house light on the wall opposite the levers. Each chamber
was contained within a sound-attenuating cubicle equipped with a ventilation fan. For all phases
of the study in all four groups, the house light signaled the initiation of the session and remained
illuminated throughout the entire session. Rats were food deprived overnight and trained to
lever press on a fixed ratio (FR) 1 schedule of reinforcement (45 mg pellets; Noyes, Lancaster,
NH, USA) during a 15-h overnight training session in the absence of explicit conditioned
stimulus (CS) presentation. Lever presses on an inactive lever were recorded, but had no
programmed consequences. Following lever response training, food dispensers were
permanently removed from the test chambers.

Additionally, 6 rats that were not trained to lever press for food pellets underwent a 15-h
overnight exposure to the self-administration chamber before surgery in order to determine
whether the initial context exposure that is involved in operant training affected the outcome
of the experimental procedures. The data for these animals was compared to the data of
untrained animals that were not exposed to the self-administration chamber for 15-h prior to
surgery.

Bongiovanni and See Page 3

Pharmacol Biochem Behav. Author manuscript; available in PMC 2009 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2.4. Surgical procedures
Twenty four h before surgery, all rats were food restricted, but given access to ad libitum water.
Rats were anesthetized using a mixture of ketamine hydrochloride and xylazine (66 and 1.33
mg/kg, respectively, IP) followed by equithesin (0.5 ml/kg with a solution of 9.72 mg/ml
pentobarbital sodium, 42.5 mg/ml chloral hydrate, and 21.3 mg/ml magnesium sulfate
heptahydrate dissolved in a 44% propylene glycol, 10% ethanol solution, IP). Surgical
procedures were conducted using aseptic techniques. Catheters were constructed using
previously described methods (Fuchs et al., 2004a) and consisted of external guide cannulae
with screw-type connectors (Plastics One Inc., Roanoke, VA, USA), Silastic tubing (10 cm;
i.d.=0.64 mm; o.d.=1.19 mm; Dow Corning, Midland, MI, USA), prolite polypropylene
monofilament mesh (2 cm diameter, Atrium Medical Corporation, Hudson, NH, USA), and
cranioplastic cement. The end of the catheter was inserted into the right jugular vein and secured
to surrounding tissue with suture. The catheter ran subcutaneously and exited on the rat’s back,
posterior to the shoulder blades. To maintain patency, catheters were flushed once daily for 4
days after surgery with 0.1 ml each of an antibiotic solution of cefazolin (10 mg/ml; Schein
Pharmaceuticals, Florham Park, NJ, USA) dissolved in heparinized saline (70 U/ml; Elkins-
Sinn, Cherry Hill, NJ, USA) and heparinized saline. For the duration of the experiment, each
rat then received 0.1 ml of heparinized saline (10 U/ml) immediately prior to self-
administration sessions and the cefazolin and 70 U/ml heparinized saline regimen following
each session. In order to verify catheter patency, rats periodically received a 0.12 ml infusion
of methohexital which causes rapid loss of muscle tone when administered intravenously.

2.5. Dietary restriction
Following 4 days of recovery from surgery, and before self-administration procedures began,
all rats were given a restricted diet of 20–25 g standard rat chow/day (Harlan, Indianapolis,
IN, USA). We selected this restricted diet (which produced approximately 80% free-feeding
body weight), since we have previously utilized similar approaches in past reinstatement
studies (Feltenstein and See, 2006; Fuchs et al., 2006; Fuchs et al., 2004b; Kippin et al.,
2006). Animals in the UT/AL and FT/AL groups were maintained on this diet until they reached
a set criterion of 10 infusions of cocaine/session for at least 2 sessions. Most animals reached
the pre-set criterion no more than 4 days after the first self-administration session. Once the
pre-set criterion was met, UT/AL and FT/AL animals were switched to an ad libitum diet for
the remainder of the experiment (i.e., maintenance, extinction, and reinstatement). Rats in the
UT/R and FT/R groups were maintained on the restricted diet (20–25 g rat chow/day) for the
duration of the experiment.

2.6. Cocaine self-administration
All rats self-administered cocaine (cocaine hydrochloride dissolved in 0.9% sterile saline;
cocaine provided by the National Institute on Drug Abuse, Research Triangle Park, NC, USA)
during daily 2 h sessions according to an FR 1 schedule of reinforcement. At the start of each
session, the catheter was connected to a swivel (Instech, Plymouth Meeting, PA, USA) via
polyethylene 20 tubing that was encased in steel spring leashes (Plastics One Inc., Roanoke,
VA, USA). The house light signaled the initiation of the session and remained illuminated
throughout the entire session across all phases of the study. Lever presses on the active lever
resulted in a 2 s activation of the infusion pump (0.2 mg/50 µl/infusion) and a 5 s presentation
of a stimulus complex, consisting of activation of the white stimulus light above the active
lever and the tone generator (78 dB, 4.5 kHz). After each infusion, responses on the active
lever were recorded, but had no consequences during a 20 s time-out period. All responses on
the inactive lever were also recorded, but had no programmed consequences. Daily cocaine
self-administration continued until each rat had obtained the self-administration criterion of
10 sessions with at least 10 infusions per session.
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2.7 Extinction
Following chronic cocaine self-administration and before the first reinstatement test, all rats
underwent daily 2 h extinction sessions for a minimum of 7 days. During extinction, rats were
returned to the self-administration chamber, but animals were not attached to the leash and the
pump was not operated. Responses on both the active and inactive levers were recorded, but
had no programmed consequences. Extinction criterion levels were met when rats showed ≤15
active lever responses/session for two sessions or longer. The same extinction criteria applied
between reinstatement tests.

2.8. Reinstatement testing
All animals underwent the same reinstatement tests in the same order using a within subjects
design. Each reinstatement test was followed by at least 2 days of extinction in which animals
met the pre-set criterion of ≤15 active lever responses/session for 2 consecutive sessions or
longer before the subsequent reinstatement test occurred.

Conditioned cue-induced reinstatement—Following extinction, rats were returned to
the test chamber for a 2 h test session. Responses on the active lever resulted in a 5 s presentation
of the previously cocaine-paired light and tone (78 dB, 4.5 kHz); however, no cocaine infusions
were received. Active lever responses were followed by a 20 s timeout period where responses
were recorded, but did not result in presentation of the stimulus complex.

Cocaine-primed reinstatement—Immediately prior to the test session, rats were injected
with a single priming dose of cocaine (10 mg/kg; i.p. dissolved in sterile saline) and placed
into the chamber for a 2 h session. Responses on the levers were recorded, but had no
programmed consequences.

Yohimbine-induced reinstatement—Yohimbine hydrochloride (1.25 mg/kg and 2.5 mg/
kg; i.p. dissolved in ddH2O; Sigma–Aldrich, St. Louis, MO, USA) was administered 30 min
prior to reinstatement testing. Doses were chosen based on previous reinstatement studies
(Shepard et al. 2004; Feltenstein and See 2006). Thirty minutes post-injection, animals were
then placed into the chamber for a 2 h session where responses on both levers were recorded,
but had no programmed consequences.

2.9. Data analysis
A two-way repeated measures ANOVA (time × group) was performed to determine differences
in responding during the different phases of self-administration and extinction between the
four groups. If there was a significant F value for the interaction, Tukey’s test was used for
post hoc analyses of differences in responding between separate groups. One-way ANOVAs
were used to determine differences in responding between groups for each reinstatement test
and paired t-tests were used to measure differences in responding between extinction and
reinstatement within subjects. All data was calculated with SigmaStat 3.1 software with alpha
set at p <0.05.

3. Results
3.1. Effects of diet restriction on animal weights compared to free feeding animals

Animals in the UT/R and FT/R groups were maintained on a restricted diet of 20–25g of rat
chow per day while animals in the UT/AL and FT/AL groups were maintained on an ad
libitum diet following acquisition of cocaine self-administration, which occurred no later than
days 4 and 5 for most animals. The average weights of food restricted animals vs ad libitum
diet animals are represented in Figure 1 across the experiment in 5 day increments. Two way

Bongiovanni and See Page 5

Pharmacol Biochem Behav. Author manuscript; available in PMC 2009 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



repeated measures ANOVA (time × group) revealed a significant difference in weights between
restricted diet and ad libitum diet animals (F8,369=19.10; p<0.001). Tukey’s post hoc analyses
revealed significant difference in weights between groups for each timepoint beginning on day
5 (p<0.05), and these differences in weight persisted throughout the duration of the experiment
(p<0.01).

3.2. Effects of prior operant training and dietary restriction on lever responding and total
cocaine intake (mg/kg) during self- administration

Acquisition—Prior operant training promoted enhanced responding and cocaine intake (mg/
kg) during the acquisition phase (days 1–4) of cocaine self-administration (Fig. 2A and 2B).
During this acquisition phase, all groups were maintained on the same restricted diet. Two-
way repeated measures ANOVA revealed a significant time × group interaction for cocaine
intake (F9,188=2.33, p<0.05), but not for active lever responding (F9,188=1.41, p=0.19).
Tukey’s post-hoc analyses revealed significant differences (p<0.05) in cocaine intake between
the UT/AL or UT/R groups as compared to the FT/R and FT/AL groups for the first 2 to 3 days
of self-administration.

Maintenance—For the current results, maintenance was defined as the last 6 days of cocaine
self-administration for each rat, when relatively stable levels of lever responding and cocaine
intake are observed. There were no significant differences in the amount of time spent in the
maintenance phase of cocaine self-administration between groups, and all animals included in
this study completed cocaine self-administration between days 10 – 14. During the
maintenance phase and all subsequent sessions, the ad libitum groups were maintained on a
free feeding diet. In contrast to the acquisition sessions, prior operant training and dietary
restriction had no significant effects on the maintenance phase of cocaine self-administration
after animals had achieved a steady level of responding for cocaine. Rats exhibited stable lever
responding (Fig. 2D) and cocaine intake (Fig. 2C), with no significant time × group interaction
for active lever responding (F15,269=0.39, p=0.98) or total cocaine intake (F15,269=0.19, p=1.0).

3.3. Effects of prior operant training and dietary restriction on extinction responding
Active lever responding for all groups showed a typical pattern of high responding on the first
day of extinction that rapidly dropped over sessions (Fig. 2E). A two-way repeated measures
ANOVA revealed that there was no significant time × group interaction during extinction
(F18,294=0.910, p=0.57). Extinction criterion for reinstatement testing was met when animals
pressed the active lever ≤15 times for at least 2 days. Extinction responding at criterion prior
to the first reinstatement test was as follows: UT/AL (11.31±0.96), UT/R (10.04±1.15), FT/
AL (10.2±0.97), and FT/R (12.73±0.75). Additionally, there were no significant differences
between groups in the number of sessions required to reach extinction criterion (UT/AL=8.17
±0.32, UT/R=8.09±0.49, FT/AL=7.67±0.28, and FT/R=8.2±0.42 sessions).

3.4. Effects of prior operant training and dietary restriction on cue-induced, cocaine-primed,
and stress-induced reinstatement

Following extinction, rats were exposed to drug-associated cues (light+tone), an acute cocaine
priming injection (10 mg/kg; i.p.), and the pharmacological stressor yohimbine (1.25 mg/kg
and 2.5 mg/kg, i.p.) in separate tests for reinstatement of extinguished cocaine-seeking. All
three modalities produced significant reinstatement of cocaine-seeking, with levels of
responding that approximated those seen during the maintenance phase of self-administration
(Fig. 3). Paired comparisons revealed that rats in all four groups showed reinstatement of
cocaine-seeking relative to their respective extinction levels of responding across all
reinstatement stimuli (p<0.01). Furthermore, there were no significant differences in
reinstatement responding between untrained animals exposed to the context for 15-h and
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untrained animals that were not exposed to the context. Importantly, there were no significant
differences in lever responding between groups for any of the reinstatement tests conducted
(all ANOVAs, p>0.05).

4. Discussion
The extinction/reinstatement paradigm is widely used to model various aspects of human
relapse (Alleweireldt et al., 2003; See, 2002; Shaham et al., 2003). However, methodological
distinctions that exist between different laboratories may influence the outcome of
reinstatement behavior. As specifically examined in this study, these distinctions include
operant training for food reinforcement prior to drug self-administration and the use of dietary
restrictions. Our results showed that operant training for food pellets prior to cocaine self-
administration and/or maintained dietary restriction failed to produce significant differences
in responding for cocaine under stable maintenance conditions, during extinction, and at the
time of reinstatement produced by explicitly cocaine-paired cues, cocaine itself, and the
pharmacological stressor, yohimbine. We utilized experimental parameters in the current study
that were quite comparable to many previous reinstatement studies (e.g., bolus dose of cocaine,
FR1 schedule, duration of self-administration, etc.). It should be emphasized that while
reinstatement did not differ between groups in the current study, we cannot rule out the
importance of these two variables (prior operant training and maintained dietary restriction)
under other conditions of reinstatement (e.g., using other drugs of abuse, other forms of cues
or contexts, different schedules of reinforcement, different withdrawal periods, etc.). However,
the results suggest that prior operant training with a non-drug reinforcer or maintaining dietary
restrictions do not necessarily affect the magnitude of reinstatement of drug-seeking.

The present study utilized rats divided into four different groups: food trained/diet restricted
(FT/R), food trained/ad libitum diet (FT/AL), untrained/diet restricted (UT/R), and untrained/
ad libitum diet (UT/AL). During the first two days of cocaine self-administration, animals with
prior operant training experience for food pellets not surprisingly showed higher rates of active
lever responding than the untrained animals (Kruzich et al., 1999). In contrast, the UT/R and
the UT/AL groups did not significantly differ from each other, since both groups underwent a
similar degree of food restriction during the first 3–4 days of cocaine self-administration.
Previous studies have reported enhanced cocaine self-administration under conditions of
dietary restriction (Carroll et al., 1981). However, the enhanced cocaine seeking previously
reported under dietary restriction was seen when animals had 24-h access to cocaine, and the
differences were not clearly evident until the 8th hour of the session (Carroll et al., 1981; Carroll
and Meisch, 1981). Our study may have seen no effects of food deprivation on cocaine
consumption since we used discrete 2-h self-administration sessions. In line with this
possibility, our results are consistent with later studies which have reported that differences in
the amount of cocaine that is self-administered during a 2-h session under different satiation
states are undetectable (Comer et al., 1995). Therefore, under the specific parameters
investigated, operant training prior to cocaine self-administration exerts the greatest influence
during the early phases of acquisition of drug self-administration and dietary restriction alone
does not seem to greatly influence maintenance of cocaine-taking behavior. It should be
emphasized that all groups in this study underwent dietary restriction during early self-
administration as previously utilized in self-administration studies (Alleweireldt et al., 2006;
Carroll et al., 1981; Zavala et al., 2007). Short term food restriction facilitates exploratory
activity in the self-administration chamber and acquisition of drug self-administration.
Notably, the most important finding in regards to cocaine-taking was the lack of differences
between food-restricted and non-restricted groups during the later phase of cocaine self-
administration (stable maintenance). However, while cocaine intake and average active lever
responding across the last 6 days of cocaine self-administration was not significantly different
between groups, there was a trend towards greater cocaine self-administration in animals with
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previous lever training experience. Thus, it is possible that prior operant training may exert a
continued influence over ongoing cocaine self-administration.

Following daily cocaine self-administration, animals from all four groups showed typical
extinction of lever responding over time. Since extinction responding is a measure of drug-
seeking, these results show that the various prior regimens in the four groups did not
significantly alter drug-seeking under conditions of no reinforcement. While our results
showed no effect of prior operant training or food restriction on extinction responding, Comer
and colleagues (1995) did report a significant difference in extinction responding among
animals with different satiation states. Possible reasons for the differential outcomes between
these studies include the major differences in design (a single 7-h within session design of
cocaine self-administration, extinction, and cocaine-primed reinstatement on one day vs. daily
2-h sessions spread out over weeks) and the use of different strains of rats (Wistar vs. Long
Evans).

Once the responding in the animals met extinction criteria, they were exposed to different
stimuli that have been well established to reliably produce reinstatement to drug-seeking,
including previously cocaine-paired cues (Lu et al., 2005; Meil and See, 1996; Weiss et al.,
2000), a priming injection of cocaine (de Wit and Stewart, 1981; McFarland and Kalivas,
2001), and the á-2 receptor antagonist, yohimbine, which invokes stress-induced reinstatement
of cocaine-seeking (Feltenstein and See, 2006; Lee et al., 2004). All rats showed significant
reinstatement of cocaine-seeking during all three forms of reinstatement, regardless of prior
operant training for food or dietary restriction patterns. Importantly, there were no significant
differences between groups in previously cocaine-paired lever responding during any of the
reinstatement tests. Therefore, under these specific parameters, differences in operant training
prior to cocaine self-administration and/or maintained dietary restriction have no effect on an
animal’s propensity to reinstate cocaine-seeking in the presence of cocaine-associated cues,
cocaine priming injections, or the pharmacological stressor, yohimbine. It should be noted that
Comer and colleagues (1995) found that rats fed after a cocaine prime-induced reinstatement
test responded at significantly higher rates than those who were fed before the cocaine prime
was administered. The differences with the present results may be related to several paradigm
differences, including the histories of the different comparison groups, different rat strains, the
immediate feeding schedule around the test time in the earlier study, and the different routes
of administration for the cocaine prime (intravenous vs intraperitoneal).

In conclusion, prior operant training and dietary restriction did not influence the outcome of
reinstatement of cocaine-seeking behavior under the parameters utilized in this study. While
these factors did not affect the outcome of the reinstatement tests, it remains unknown as to
whether prior operant training for a non-drug reinforcer and moderate dietary restriction
throughout all experimental phases may influence the magnitude of reinstatement responding
under different parameters (e.g., under different schedules of reinforcement, different drug
doses, other drugs of abuse, different rat strains, etc.). Nonetheless, our manipulations did not
produce any significant differences in the maintenance of cocaine self-administration,
extinction responding, or reinstatement of cocaine-seeking produced by multiple stimuli.
Therefore, we suggest that the best approach in extinction/reinstatement paradigms is to avoid
using prior operant training for non-drug reinforcement and to limit the use of dietary restriction
to the first few days of drug self-administration (i.e., acquisition). Such an approach reduces
the possible confounds of interpretation for responding at the time of reinstatement.
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Fig. 1.
Body weights of food restricted (N=25) and ad libitum (N=26) diet animals across the study.
On Day 5 of cocaine self-administration, ad libitum animals demonstrated slightly higher
weights than restricted diet animals (*p<0.05). Between days 10–40 of the study (maintenance,
extinction, and reinstatement), ad libitum animals maintained substantially greater weights
than food restricted animals (**p<0.01). Approximate days of experimental time points are as
follows: Day 0, pre self-administration; Days 5–10, maintenance; Days 10–20, Extinction;
Days 20–40, reinstatement testing and intervening extinction sessions.
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Fig. 2.
Active lever responding and cocaine intake (mg/kg) during acquisition, maintenance, and
extinction. A) Daily cocaine intake during the acquisition phase of cocaine self-administration
(Days 1–4). Significant differences between animals previously trained to lever press for food
pellets (FT) and those that were untrained (UT) are indicated (*p<0.05). B) Active lever
responding during acquisition of cocaine self-administration (Days 1–4). C) Daily cocaine
intake during the maintenance phase of cocaine self-administration (last 6 days of cocaine self-
administration for each animal). D) Active lever responding during the maintenance phase of
cocaine self-administration (last 6 days of cocaine self-administration for each animal). E)
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Active lever responding during the first 7 days of extinction (note: some animals required
additional days to meet extinction criteria which are not represented in this figure).
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Fig. 3.
Responding on the previously cocaine-paired lever during reinstatement testing following
chronic cocaine self-administration (SA) and extinction (EXT). Values shown for SA are the
average active lever responses over the last 3 days of cocaine self-administration. Values shown
for EXT represent the last 2 days of extinction training, when the animal met the pre-set
criterion. All groups showed significant reinstatement of cocaine-seeking over extinction levels
(**p<0.01) after exposure to previously cocaine-paired cues, a cocaine (COC) priming
injection (10 mg/kg), and both low (1.25 mg/kg) or high (2.5 mg/kg) doses of yohimbine
(YOH). Notably, there were no significant differences in the magnitude of reinstatement
between the four groups for any of the reinstatement tests.
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