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Contingent access to stimuli associated with 
cocaine self-administration is required for 

reinstatement of drug-seeking behavior 
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In this study, we examined the importance of contingent access to a cocaine-related stimulus in the 
production of cocaine seeking following extinction of lever responding for cocaine. Rats self-adminis
tered cocaine for 2 weeks in daily 3-h sessions under a fIxed-ratio 1 schedule. A compound stimulus 
(tone + light) was presented with each infusion. Following seven daily 3-h extinction sessions, rats 
were reintroduced to the compound stimulus alone. This stimulus was presented in three ways: (1) con
tingent on lever pressing, (2) noncontingent, and (3) both contingent and noncontingent. Following 
3 more extinction days, rats were again reintroduced to the compound stimulus, yet with contingent 
access to cocaine. Only the two groups with contingent presentation increased lever responding on the 
1st day, while all groups increased responding for cocaine on the 2nd day. The need for contingent ac
cess to drug-associated stimuli in the absence of drug to produce drug-seeking behavior may be rele
vant for studies of neural substrates of relapse. 

Environmental stimuli, when paired with drug taking, 
may subsequently function as stimuli capable of eliciting 
craving in cocaine addicts (Ehrman, Robbins, Childress, 
& O'Brien, 1992). Stimulus-induced craving has been 
correlated with physiological arousal (Ehrman et aI., 1992; 
Liu, Vaupel, Grant, & London, 1998) and neural activity 
in limbic regions (Childress et aI., 1999; Grant et aI., 
1996). Several laboratories attempting to model cocaine
paired stimulus conditioning in rats have met with mixed 
success (Arroyo, Markou, Robbins, & Everitt, 1998; Davis 
& Smith, 1976; de Wit & Stewart, 1981; Tran-Nguyen 
et aI., 1998; Weissenborn, Yackey, Koob, & Weiss, 1995; 
Whitelaw, Markou, Robbins, & Everitt, 1996). 

We have previously utilized a method for modeling re
lapse in which rats press levers for cocaine injections and 
concurrently are presented with a compound stimulus 
composed of a visual and an auditory stimulus (Meil & 
See, 1996). Following 14 self-administration days, rats 
experienced 21 extinction days during which lever press
ing resulted in no consequences. This procedure was de
signed to model extended drug experience followed by 
protracted withdrawal. After extinction, subjects were al
lowed access to the compound stimulus, but not to co
caine. Rats pressed the previously cocaine-paired lever at 
levels significantly higher than the previous extinction ses
sion. The enhanced lever pressing after extinction is replic-
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able (Kruzich, Grimm, Rustay, Parks, & See, 1999; See, 
Grimm, Kruzich, & Rustay, 1999) and has been shown to 
involve the basolateral amygdala (Meil & See, 1997). 

One neglected aspect of procedures modeling relapse 
has been the importance of the contingency between a 
leverpress and stimulus presentation. In our initial studies 
(Meil & See, 1996, 1997), animals showed elevated re
sponding in the presence of both noncontingent and con
tingent presentations of a compound stimulus previously 
paired with drug infusions, complicating interpretation of 
the conditioned aspects of the stimulus. It was not clear 
whether rats were pressing due to the noncontingent 
presence of the stimulus (a conditioned response), or due 
to contingent presentations (presentation of a putative 
conditioned reinforcer). Distinguishing the nature ofthe 
response is critical, since interpretation offindings using 
such a paradigm in conjunction with neurobiological ma
nipulations (e.g., lesions) will need to be made in the con
text of a conditioned response versus responding for a 
conditioned reinforcer. It is possible that such behaviors 
are mediated by separate neural substrates (McDonald & 
White, 1993). In the present experiment, contingent and/ 
or noncontingent presentations of a compound stimulus 
were compared in order to explicitly assess the importance 
of contingent access to the cocaine-paired stimulus in re
lapse to drug-seeking behavior. 

METHOD 

Surgery 
Male Sprague-Dawley rats (3-4 months; 350-450 g) were singly 

housed on a 12-h reverse day/night cycle. All protocols were ap-
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proved by an institutional animal care and use committee and fol
lowed the NIH Guide for the Care and Use of Laboratory Animals. 
Rats were anesthetized i.p. with ketamine (100 mglkg), xylazine 
(2 mglkg), and Equithesin (0.5 ml/kg). Silastic catheters were in
serted into the right jugular vein and secured in place with silk su
ture. The tubing was subcutaneously run to an exit point on the back, 
where it was affixed to a 22-gauge threaded cannula for attachment 
to either an infusion line or an obturator. The catheter assembly was af
fixed to polypropylene mesh with cranioplastic cement. Rats were 
infused i.v. twice daily for 5 days with 6.67-mg Timentin dissolved 
in O.l-ml 70-U/ml heparinized saline, followed by 0.1 mlof70-U/ml 
heparinized saline. During the remainder of the study, this infusion 
regimen occurred once following each self-administration session. 

Experimental Procedures 
Self-administration chambers contained two operant levers, white 

stimulus lights above each lever, and a red house light on the oppo
site wall. The infusion line was attached to a liquid swivel and co
caine was delivered by an infusion pump. Rats were food deprived 
for 72 h and initially trained to press the right lever for food pellets. 
We have found that food restriction and lever training for food pel
lets facilitate acquisition of cocaine self-administration. Stimuli to 
be trained in conjunction with cocaine are not presented during food 
pellet training. Rats were then implanted with catheters and allowed 
4 subsequent days of recovery prior to beginning cocaine self
administration. Rats were maintained for the duration of the exper
iment at their weight immediately prior to surgery (approximately 
85%-90% of free feeding) by restricting access to food in their 
home cages (we have recently found that rats will reinstate lever 
pressing in the presence of cocaine-paired stimuli without food 
deprivation or previous food pellet training [unpublished observa
tions]). Rats self-administered in once daily 3-h sessions. A right 
leverpress resulted in a compound stimulus presentation of the right 
stimulus light and a tone (2 kHz, 15 dB above ambient). The com
pound (5-sec duration) occurred simultaneously with a cocaine in
jection (0.33 mg/0.05 ml). Following stimuli presentation, a 35-sec 
unsignaled time-out occurred. After 14 days of self-administration, 
animals were exposed to 7 days of daily 3-h extinction sessions, 
where responding had no consequences. The subsequent day (Test 
Day I), access to the tone + light was allowed, followed by 3 more 
days of extinction sessions. This initial day served as a test of the 
ability of the cocaine-paired stimuli to maintain leverpressing (drug 
seeking). The final day of the experiment (Test Day 2) was identical 
to Test Day I, except that cocaine was delivered upon lever pressing. 
We used this test day as an index of the ability of cocaine itself to 
reinstate drug seeking (and further drug taking) following extinc
tion training. Test days were 3 h in duration. Presentation of the co
caine-paired tone + light on Test Days I and 2 was varied in three 
groups as follows: (I) presentation contingent upon a right lever
press (contingent group), (2) noncontingent presentations every 
10 min over the course of the session (noncontingent group), and 
(3) combined contingent and noncontingent presentations (combined 
group). The time-out period in the contingent groups was equiva
lent (40 sec total) to that found during the initial cocaine self
administration sessions. 

Data Analysis 
The number of responses on the cocaine-paired right lever served 

as the primary dependent measure. All responses were recorded. 
Because the focus of this study was on responding for the cocaine
paired stimuli on Test Day 1, responding on self-administration Ex
tinction Days 7 and on Test Day I was examined both between and 
within all three groups using two-way repeated measures analysis 
of variance (two-way RM ANOVA). Cocaine consumption (mg/kg) 
on Test Day 2 (reintroduction of access to cocaine) and on Day 14 of 
self-administration (as a baseline) was compared between and 
within groups with a two-way RM ANOV A. The number of stimulus 

presentations on Test Day 1 was compared between groups with a 
one-way ANOVA. Post hoc comparisons were made with the 
Student-Newman-Keuls test and the criterion for statistical signif
icance was p < .05. 

RESULTS 

Figure 1 illustrates right (active) lever responding over 
the course of the study. During the first few days of co
caine self-administration, several animals showed vari
able response patterns. By the end of the 1st week, sta
ble response rates were seen in all groups. Variability on 
the 1 st day of extinction was high, yet there were no sig
nificant differences distinguishing the experimental 
groups [one-way ANOVA,F(2,16) = 2.26,p> .05]. The 
mean number of daily responses on the nonreinforced 
lever was consistently low and did not differ significantly 
between groups or across the study (data not shown). 
Analysis of Extinction Day 7 and Test Day 1 responding 
with two-way RM ANOVA revealed a significant effect 
of treatment [F(2,16) = 8.22,p < .01], time [F(I,15) = 
18.40, P < .001], and a significant interaction [F(2, 15) = 
8.42,p < .01]. Results of post hoc analyses are presented 
in Figure 1. Only the combined and contingent groups 
significantly increased lever pressing on Test Day 1 rel
ative to their respective Extinction Day 7 levels of respond
ing. The combined and contingent groups each pressed 
significantly more than the noncontingent group on Test 
Day 1. In addition, the contingent group responded sig
nificantly more than the combined group on Test Day 1. 
The number of stimulus presentations of Test Day 1 sig
nificantly differed between the combined group and the 
contingent and noncontingent groups [F(2, 16) = 19.34, 
P < .001; means ± SEMs: combined, 28.43 ± 2.34; con
tingent, 16.33 ± 1.23; noncontingent, 16 ± 0]. The results 
ofthe two-way RM ANOVA for cocaine consumption on 
the last day of self-administration and on Test Day 2 re
vealed only a significant effect of time [F(1, 15) = 21.26, 
P < .001]. For all groups, more cocaine was consumed on 
Day 14 of self-administration versus Test Day 2 (overall 
means ± SEMs in mg/kg: Day 14, 33.74 ± 2.58; Test 
Day 2,24.61 ± 1.35). 

DISCUSSION 

As previously reported (Kruzich et aI., 1999; Meil & 
See, 1996, 1997; See et aI., 1999), lever responding sig
nificantly increased during compound stimulus presen
tation after prolonged extinction. Contingent access to 
the stimulus resulted in robust increases in responding, 
while noncontingent stimulus presentations alone re
sulted in no such facilitation. This occurred with both 
contingent and noncontingent groups having received a 
comparable number of stimulus presentations. More
over, contingent-only access resulted in higher respond
ing than did combined contingent and noncontingent ac
cess. A reinstatement of cocaine consumption by all three 
groups indicates that the rats in the noncontingent group 
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Figure 1. Right lever responses (mean ± SEM) from rats trained with a compound stimulus and tested in condi
tions of contingent, noncontingent, or combined access to the compound stimulus (n = 6-7 per group). Test Day 1 = 
tone + light alone. Test Day 2 = tone + light and contingent cocaine. *Significant difference from the previous ex
tinction day,p < .05. tSignificant difference from the other two groups,p < .05. 

failed to respond on Test Day 1 due to the lack of pre
sentation of a contingent drug-paired stimulus, rather 
than due to an inability to respond. Overall, these results 
indicate that immediate stimulus presentation following 
a leverpress was necessary to drive robust reinstatement 
of responding following extinction. 

Interpretation of responding in the presence ofa stim
ulus previously paired with cocaine has often centered on 
a classical conditioned phenomenon. As yet, there are no 
animal models of relapse following chronic cocaine self
administration that show consistent conditioned respond
ing in the noncontingent presence of a conditioned stim
ulus. For example, noncontingent presentation of a light 
or a tone + light previously presented contingently with 
cocaine self-administration produced only slight or no 
elevations in responding when included as a component 
in extinction sessions (Tran-Nguyen et ai., 1998; Weissen
born et ai., 1995). In contrast, rats trained to respond for 
amphetamine or morphine responded at high levels for 
contingent presentations of a drug-paired tone following 
extinction (Davis & Smith, 1976). These results do not 
necessarily indicate that noncontingent drug-paired stim
ulus presentations are without incentive motivational ef
fects, but rather that the reinstatement model incorpo
rating response-contingent presentations appears to be 
more sensitive to detecting these effects. 

The importance of contingencies made apparent with 
the present data relates to concepts presented by Bindra 

(1972) regarding an association model of operant condi
tioning. In particular, motivational changes are argued to 
be due to the learning of environmental contingencies. In 
the present context, a leverpress + compound stimulus 
presentation may serve as a "complete" conditioned stim
ulus (CS), with the actual proprioceptive feedback of the 
leverpress being a component of this stimulus critical for 
conditioning. A recent study by Johnson, Chen, Schmitz, 
Bordnick, and Shater (1998) provides an intriguing ex
tension of this proposed relationship. They reported that 
the largest changes in physiological measures of arousal 
in cocaine-dependent subjects occurred in those individ
uals allowed to physically interact with cocaine-related 
paraphernalia, as opposed to audio or visual presenta
tions alone. The drug-seeking behavior exhibited by rats 
may therefore best approximate craving due to the phys
ical interaction with drug-related stimuli. 

In any case, it appears that the lever responding in rats 
is increased by the compound stimulus presentations, 
due to a previous association with cocaine. Therefore, 
the behavior observed in this model is best described as 
responding for a conditioned reinforcer. Future studies 
employing this technique to investigate neurobiological 
substrates of relapse will need to interpret findings ac
cordingly. In addition, the use of other procedures may 
prove useful for the development of relapse models, 
since a recent report showed the ability of a discrimina
tive stimulus to elicit alcohol-seeking behavior in rats 
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following prolonged extinction (Katner, Magalong, & 
Weiss, 1999). 
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