
Impairments in reversal learning following short access to 
cocaine self-administration

Allison R. Bechard, Amber LaCrosse, Mark D. Namba, Brooke Jackson, and Lori A. 
Knackstedt
Department of Psychology, University of Florida, 945 Center Dr., Gainesville, FL, 32611

Abstract

Background: Cocaine use disorder is characterized by compulsive drug-seeking that persists 

long into abstinence. Work using rodent models of cocaine addiction has found evidence for 

reversal learning deficits 21 days after non-contingent cocaine administration and 60 days after 

self-administration. Here we sought to determine if a deficit in reversal learning is present 3–4 

weeks after cessation of cocaine self-administration, when relapse to cocaine-seeking is robust. 

Conversely, we hypothesized that reversal learning training would protect against relapse, similar 

to other forms of environmental enrichment.

Methods: Male rats underwent short access (ShA, 2h/10d) or long access (LgA, 1h/7d then 6h/

10d) cocaine self-administration, followed by 21–29 days of abstinence. During abstinence, a 

subset of rats underwent training in a plus-maze that required an egocentric strategy to earn a 

sucrose reward. Following response acquisition and retention, the ability to reverse the spatial 

navigation strategy was tested.

Results: Total trials to criteria and total errors made did not differ between the groups during 

response acquisition, retention, or reversal. On the first reversal test, ShA rats performed better 

than LgA and control rats. ShA rats’ performance worsened over time. There were no effects of 

cognitive training or length of cocaine access on context-primed relapse of cocaine-seeking.

Conclusions: The present data indicate that perhaps LgA cocaine self-administration does not 

produce adaptations to regions mediating context-primed relapse as it does for cocaine and 

cocaine-associated cue-induced reinstatement of drug-seeking. A time-dependent deficit in 

reversal learning was found only in ShA rats. Reversal learning training did not protect against 

cocaine relapse.
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1. Introduction

Cocaine addiction is a chronic relapsing disease that is characterized by drug craving and 

loss of inhibitory control (Jentsch and Taylor, 1999). A major challenge in the successful 

treatment of cocaine addiction is reducing the risk of relapse, which remains high after 

months or even years of abstinence (Dackis and O’Brien, 2001; Mendelson and Mello, 

1996). Concomitant with a high risk of relapse, cocaine addicts also display cognitive 

deficits in the domain of reversal learning (Ersche et al., 2008). Reversal learning is an 

orbito-frontal-cortex (OFC)- dependent task (McAlonan and Brown, 2003) where a cue 

predictive of reward becomes predictive for non-reward (or punishment) and vice versa. 

Chronic cocaine administration has been reported to impair reversal learning (Calu et al., 

2007; McCracken and Grace, 2013). However, these studies either utilized non-contingent 

cocaine administration or assessed deficits during late withdrawal from cocaine self-

administration (60+ days post-cocaine). As such, one goal of the present work was to assess 

reversal learning in early withdrawal (less than 30 days post-cocaine), at a time when a large 

body of literature examines cocaine relapse in laboratory rodents.

The OFC lies at the intersection of cognitive deficits and motivation to seek cocaine. Human 

cocaine users exhibit OFC abnormalities (Volkow and Fowler, 2000), such as hypoactivity 

during baseline conditions and enhanced activation in response to cocaine- associated cues 

(Bolla et al., 2003; Bonson et al., 2002; Matochik et al., 2003). OFC and basolateral 

amygdala (BLA) functional inactivation inhibits drug context-induced cocaine- seeking 

behavior (Lasseter et al., 2009, 2010, 2011). Thus, it is possible that deficits in the OFC- 

dependent task of reversal learning are related to an increased propensity to relapse.

Previous work from our laboratory found that rats that experience 2–3 weeks of instrumental 

extinction of the operant response made to obtain cocaine display different neuroadaptations 

in the NA compared to rats that experience only abstinence from cocaine without 

instrumental extinction (Knackstedt et al., 2010; LaCrosse et al., 2016). Furthermore, the 

beta-lactam antibiotic, ceftriaxone, attenuates cocaine-seeking and associated NA glutamate 

efflux following operant extinction (Trantham-Davidson et al., 2012) but not abstinence 

(LaCrosse et al., 2016). Thus, it seems that extinction training confers benefits that may be 

protective against cocaine relapse (Knackstedt et al., 2010). Human cocaine users rarely, if 

ever, experience instrumental extinction in the drug-taking environment; however, another 

learning strategy that engages cortical processes may be protective against cocaine relapse. 

While a history of cocaine self-administration has the potential to impact reversal learning, it 

is also possible that training rats on such a task will impact cocaine-seeking. Several studies 

suggest that learning tasks confer similar benefits as enriched environments (EE), including 

increased synaptogenesis and neurogenesis (Black et al., 1990; Döbrössy et al., 2003; 

Leuner et al., 2004). Typical EE housing offers increased novelty, complexity, and 

opportunities for the performance of naturalistic behaviors, such as social interactions and 
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exercise. Such EE housing prevents relapse to cocaine induced both by contextual and 

discrete drug-associated cues (e.g., Chauvet et al., 2009; Thiel et al., 2009, 2010). Although 

little is known about the mechanisms underlying the attenuation of relapse by EE, 

differences in neuronal morphology and glutamate and dopamine transmission in areas 

relevant to drug addiction, such as the prefrontal cortex (PFC) and nucleus accumbens (NA), 

have been hypothesized (Thiel et al., 2012, 2010).

Thus, the second goal of the present work was to assess whether training in a reversal 

learning task outside the drug-associated context during early withdrawal from cocaine self- 

administration would protect against relapse to cocaine-seeking. We asked these questions 

using two different lengths of access to cocaine self-administration - short access (ShA; 2 

hours/day for 10 days) and long access (LgA; 1 hour/day for 7 days, 6 hours/day for 10 

days). We hypothesized that greater cocaine intake would produce greater deficits in reversal 

learning and that reversal learning would attenuate context-primed relapse to cocaine 

seeking.

2. Methods

2.1 Drugs

Cocaine hydrochloride was obtained from the NIDA Controlled Substances Program 

(Research Triangle Institute, NC, USA). Cocaine (4 mg/mL cocaine concentration at a dose 

of 1 mg/infusion in 0.1mL, i.v.) was prepared in 0.9% sodium chloride.

2.2 Animals

43 adult male Sprague-Dawley rats (250–300 g upon arrival, Charles River Laboratories, 

Raleigh, NC, USA) were housed individually in a temperature- and humidity-controlled 

vivarium on a 12 hour reverse light cycle and rats were allotted approximately 15–20g 

chow/day such that they were maintained at 90% of free-feeding weight. All experiments 

were conducted during the rats’ dark, active phase. All animal procedures were approved by 

the Institutional Animal Care and Use Committee of the University of Florida and were 

performed in accordance with the National Institutes of Health Guide for the Care and Use 

of Laboratory Animals (NIH Publications No. 8023, revised 1978).

2.2.1 Catheter surgery.—Animals were anesthetized with a mixture of ketamine (87.5 

mg/kg, i.p.) and xylazine (5 mg/kg, i.p.) and a catheter (SILASTIC silicone tubing, ID 0.51 

mm, OD 0.94 mm, Dow Corning, Midland, MI, USA) inserted into the right jugular vein. 

The other end of the catheter was inserted subcutaneously through the shoulder blades and 

exited the skin through a small dermal hole. The catheter was then attached to a guide 

cannula that was secured with a backpack (Instech, Plymouth Meeting, PA, USA). Rats 

received ketorolac (3 mg/kg, i.p.) for three days and cefazolin (100 mg/mL, i.v.) for seven 

days following surgery and received 0.2 ml of heparinized saline (100 U/mL, i.v.) before and 

after each self-administration session to maintain the patency of the catheter. Catheter 

patency was verified periodically via methohexital sodium (10 mg/ml; Eli Lilly, 

Indianapolis, IN, USA). Rats were allowed five days of recovery before starting self-

administration of cocaine.
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2.3 Cocaine self-administration, abstinence, and reinstatement

Rats were placed in operant self-administration chambers (30×24×30 cm; Med Associates, 

St. Albans, VT, USA) each equipped with two retractable levers. Pressing of the active lever 

resulted in an intravenous infusion of cocaine (1 mg/mL/infusion) paired with a discrete five 

second auditory tone (2900 Hz) and light cue, while pressing the inactive lever resulted in no 

delivery of drug or associated cues. Infusions of cocaine were followed by a 20- second 

timeout period where further active lever presses resulted in no drug delivery or paired cues. 

Both active and inactive lever presses as well as total infusions were recorded using Med PC 

IV software (Med Associates). Long access (LgA) rats experienced seven days of one-hour 

sessions followed by 10 days of six-hour sessions. Short access (ShA) rats experienced daily 

two-hour cocaine self-administration sessions until reaching 10 days of 10 or more cocaine 

infusions/session. Yoked-saline rats (n=7) received intravenous saline (0.9% physiological 

saline, 0.1 mL/infusion) when their yoked counterpart received a cocaine infusion. Five rats 

experienced catheter failure during cocaine self-administration and were excluded from the 

experiment. Two additional rats died from illness during self-administration, leaving 29 rats 

that successfully completed cocaine self-administration, and seven yoked-saline rats.

Following self-administration, a subset of rats (ShA n=7; LgA n=9) were trained in a 

reversal learning task described in detail below. To control for variables inherent to the maze 

task, such as running the maze, handling, and sugar consumption, “abstinence only” (ABS) 

rats (ShA n=5; LgA n=8) were allowed to explore the maze while consuming an equal 

number of sugar pellets, but were not trained in the learning task. After completion of the 

maze task, or an equivalent number of days of ABS (see timeline in Fig. 1A), animals were 

placed into operant chambers and tested for context-primed relapse of cocaine-seeking 

behaviors. During the relapse test session, lever pressing did not produce either drug 

infusion or the presentation of cues. Presses on the previously associated active and inactive 

levers were recorded for two hours.

2.4 Reversal learning task

Maze description: A black Plexiglass plus-maze was used for this task, with four arms 

extending out from a central area (13 × 13 cm). Each of the four arms was 48 cm long, 13 

cm wide, and 30 cm tall. A removable piece of black Plexiglass was used to block one arm 

of the maze to form a “T” configuration. The start arm for each trial was pseudorandom to 

discourage use of an allocentric spatial strategy to locate the reward. Three maze arms 

(South, East, and West) were used as the start arm for each trial on a rotating basis. The 

North arm was only used for probe trials (described below). The maze room was 

approximately 2.1 × 2.1 m and the maze itself was positioned at a height of 75 cm from the 

floor. Visual cues in the room included a 13 × 13 cm black ‘+’ symbol hanging on the west 

wall, a 13 × 13 cm black ‘X’ hanging on the south wall, a wire bookshelf with a red lamp 

attached was positioned along on the north wall, and the door to the room was located on the 

east wall. All trials were run under dim red light. The maze was cleaned with 70% ethanol 

between each rat.

Maze Task: The maze task was adopted from McCracken and Grace (2013).
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• Habituation, Days 1–3: rats were given 20 sucrose pellets in the home cage.

• Habituation, Days 4–7: rats learned to consume sucrose pellets from the wells at 

the end of each arm by baiting arms and the food well. Habituation criterion was 

defined as consuming all pellets in the maze within 15 minutes.

• Turn Bias, Day 8: Turn bias was determined by the direction (right or left) that a 

rat turned four or more times out of seven trials.

• Response Discrimination, Day 9: Rats were trained in the Response 

Discrimination task and learned to turn in the opposite direction of their turn bias 

in order to gain a sucrose reward. For example, if the rat preferred to turn Left on 

Day 8, he was trained to turn Right on Day 9. After successful completion of a 

trial, rats were placed in a holding cage for an inter-trial interval of 15 seconds 

while the maze was reset for the next trial. Training continued until a criterion of 

ten consecutive, correct choices was met. If an incorrect decision was made 

during a trial, the trial continued until the correct decision was made. After nine 

correct choices were made in succession, the North arm was used for a probe 

trial that confirmed task acquisition via an egocentric strategy. During probe 

trials, if a rat made a correct response, Response Discrimination would conclude. 

If a rat made an incorrect response during this trial, training would continue until 

the rat made four consecutive correct choices followed by another probe trial. 

This continued until a rat made a correct choice on the probe trial. The maximum 

trials per day allowed was 30; the maximum number of days rats underwent 

Response Discrimination was three.

• Response Retention, Day 10: The day after ten consecutive successful trials in 

the Response Discrimination task, the ability to retain this training was assessed. 

The procedure and criterion previously described was also used on this day of 

retention testing.

• Reversal Learning Test, Day 11: Animals were required to turn in the opposite 

direction from that in the Response Discrimination and Retention tasks in order 

to receive the sucrose. Training/testing proceeded in an identical way as for 

Response Discrimination (after nine consecutive correct choices, rats underwent 

a probe trial).

• Reversal Retention, Day 12: The day after successful reversal, a Reversal 

Retention test confirmed the previous day’s learning. Once an animal completed 

the first Reversal Learning and Reversal Retention tests successfully, the reward 

arm was changed again, for another reversal learning test. This continued until a 

total of three reversals were completed.

2.5 Statistical analysis

Graph Pad Prism (version 6.0) was used to analyze the behavioral data. For all statistical 

analyses used, the alpha level was set at p = 0.05. Self-administration and reversal learning 

data were analyzed with Repeated Measures ANOVA with time as a within-subjects factor 

and “Learning” (Maze or Abstinence) as a between-subjects variable. Relapse data were 
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analyzed with a two-factor ANOVA, with Learning and Access as between-subjects factors. 

Maze response acquisition was analyzed with one-way ANOVAs. Dependent variables 

included the percent of total correct trials, the number of errors, and number of trials, 

calculated as 1-(total errors/total trials run), the sum of all incorrect trials, and sum of all 

trials, respectively. Significant main effects and/or interactions were followed by post-hoc 

Tukey analyses to further examine differences. Pearson’s correlations were used to explore 

the relationship between active lever presses during relapse and reversal learning 

performance. Finally, upon detection of group differences in the percent of correct trials in 

the absence of changes in total number of errors and trials, we explored the potential that the 

timing of an error influenced the percent correct metric. To do so, the total number of times 

a probe trial error was made was compared to the total number of times either no probe trial 

error was made and/or no probe trial was attempted; these numbers were compared between 

groups using a Chi-square test. We performed this analysis for both Reversal 1 and Reversal 

3 data separately.

3. Results

In the present study, rats self-administered cocaine on a ShA or LgA schedule. LgA rats self-

administered significantly more cocaine than ShA rats across the ten sessions (Figure 1B), 

evidenced by a significant main effect of Access (F(1, 27) = 71.52, p < 0.0001) but no Access 

x Time interaction. The mean total (mg/kg) cocaine intake for ShA rats was 211.8 ± 14.2 

and for LgA was 645.8 ±41.9. Context-primed relapse (Figure 1C) was not affected by 

length of cocaine Access (F(1, 25) = 1.144, p = 0.295), Learning (F(1, 25) = 2.192, p = 

0.1512), or their interaction (F(1,25) = 1.306, p = 0.2639). Inactive lever presses during 

context-primed relapse did not differ between groups (F(3, 25) = 0.2649, p = 0.85).

Figure 2A depicts the maze training schedule, where rats underwent a series of response 

discrimination, retention, and reversal learning tests involving sucrose seeking in a T-shaped 

maze. During response discrimination, total errors did not differ by cocaine Access (Figure 

2B, F(2, 20) = 0.2583, p = 0.7749), nor did the total number of trials to reach criterion (Figure 

2C, F(2,20) = 0.3487, p = 0.7098). Similarly, total errors (Figure 2D, F(2, 20) = 0.8321, p = 

0.4496) and total number of trials to reach criterion (Figure 2E, F(2, 20) = 0.6629, p = 

0.5263) did not differ significantly by cocaine Access.

For percent correct trials during Reversal Learning (Figure 3A), a significant Access x Trial 

interaction was detected (F(4, 40) = 3.081, p = 0.0265), as well as a significant main effect 

of Access (F(2, 20) = 3.391, p = 0.05). ShA rats performed significantly better relative to 

saline rats on the first reversal (p<0.05), and significantly worsening across time (Day 1 vs. 

Day 3 p < 0.05). On Day 3 ShA performed significantly worse than LgA (p < 0.05). No 

significant effects of Access, Trial, or Access × Trial interaction were observed in the total 

errors made during reversal (Figure 3B) and the total number of reversal learning trials 

(Figure 3C). Thus, the timing of the error was altered by a history of ShA cocaine, and not 

total errors made, or trials required. Further exploration of the data revealed that the total 

number of errors made during a probe trial on Reversal 1 was significantly different across 

groups (χ2(2, N = 65) = 7.02, p = 0.029). Whereas this type of error was not exhibited by 

the ShA group, rats in the LgA and Saline groups exhibited this type of error seven and five 
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times, respectively. The number of errors made during a probe trial on Reversal 3 did not 

significantly differ across groups (χ2(2, N = 40) = 3.78, p = 0.226). The number of active 

lever presses during relapse did not correlate with the percent correct on reversal trials for 

any of the three reversal learning days.

4. Discussion

We used a rat model of cocaine self-administration followed by abstinence and tested the 

ability of a potentially translational learning intervention to prevent relapse. We found no 

differences in cocaine-seeking in a context induced test of relapse between rats that learned a 

maze task and control rats that were placed in the maze but were not trained in the task. This 

suggests our learning task was not an effective intervention to prevent relapse. We tried to 

isolate the experience-dependent learning component of EE, and did not provide 

opportunities for subjects to engage in natural behaviors, including social interactions and 

exercise, or exposure to complexity and novelty, which all contribute to the beneficial effects 

of the EE paradigm (van Praag et al., 2000). Potentially, for cognitive training to have EE-

like effects on mechanisms mediating cocaine-seeking, more training expanding into other 

cognitive domains, or in conjunction with exercise, is necessary. However, other isolated 

components of EE, such as exercise, have been reported to reduce the rewarding-properties 

of cocaine. In a rat model of cocaine self-administration, female rats were weaned into 

individual cages with or without a running wheel (Smith et al., 2008). At nine weeks of age, 

rats were implanted with jugular catheters and trained to self-administer cocaine using a 

fixed-ratio schedule of reinforcement, and then tested for breakpoints using a progressive 

ratio schedule and responses maintained using two doses of cocaine (0.3 or 1.0 mg/kg/

infusion). Exercising rats acquired the task at the same rate of sedentary rats; however, they 

had lower breakpoints at the higher dose of cocaine (Smith et al., 2008). Studies using a 

multicomponent (i.e., novelty, complexity, and social groups) EE paradigm and that rear 

subjects within such conditions, have largely been successful at using EE as a treatment to 

reduce cocaine-seeking (e.g., acquisition of self-administration, escalation of intake), 

especially at low doses of cocaine self-administration (Chauvet et al., 2012; Gipson et al., 

2011; Ranaldi et al., 2011; Solinas et al., 2008, Thiel et al., 2012, 2011, 2010, 2009). 

Interestingly, although the EE paradigm reduces cocaine-seeking, effects are transient such 

that once EE is removed, the benefits are lost (Chauvet et al., 2012; Thiel et al., 2011).

We are the first to compare context-primed relapse after abstinence between groups 

undergoing ShA vs. LgA cocaine self-administration. We found that, although the LgA rats 

self- administered more cocaine than ShA rats, there were no differences in cocaine-seeking 

during context-primed relapse. This finding is in contrast to our previous work that showed 

that following extinction training, LgA rats displayed greater lever presses than ShA rats 

during a cocaine-primed reinstatement test. This effect was observed only when 

reinstatement was primed with a 30 mg/kg priming dose of cocaine, but not a 3 or 10 mg/kg 

dose (Knackstedt and Kalivas, 2007). In a model similar to the one used here, when 

abstinence was employed instead of extinction training, LgA rats displayed greater lever 

presses than did ShA rats during a cueprimed relapse test (Ferrario et al., 2005). Thus, 

contrasting our data with the literature indicates that perhaps LgA to cocaine self-

administration produces adaptations to regions mediating cocaine and cocaine-associated 
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cue-induced reinstatement of drug seeking, but not those mediating context-primed relapse. 

Future exploration of such differences is warranted, given that context-primed relapse 

following abstinence is more likely to resemble the experience of human cocaine addicts, 

who do not typically undergo instrumental extinction as used in the classic extinction-

reinstatement animal model of relapse.

Regardless of length of access to self-administration, cocaine did not significantly impair 

reversal learning on the first reversal test day, relative to cocaine-naïve rats, as was found 

previously after non-contingent cocaine injections (McCracken and Grace, 2013). The 

length of cocaine access did affect the percent of correct trials across reversals. However, 

unexpectedly, the ShA rats performed better than saline rats on Reversal Day 1, worsened 

across reversals, and performed worse compared to LgA rats on Reversal Day 3. This pattern 

did not manifest in the number of errors or total trials. This may have occurred because the 

total percent trials correct, unlike number of errors, was influenced by the timing of the 

error. For example, if the rat made an error on the probe (i.e., 10th) trial, the protocol dictated 

he had to run a minimum of five more trials, thereby adding to the total number of trials 

completed. Our data support this potential effect, as the number of times an error was made 

on a probe trial was indeed different across groups, with the LgA and Saline control rats 

having more of such errors during Reversal 1; however, the same was not true for Reversal 

3. There may still be some potential that after ShA cocaine, rats were able to perform the 

first reversal faster due to a prior experience with cocaine- reinforced learning in the operant 

chamber (as opposed to yoked-saline rats that did not receive cocaine reinforcement). For 

example, Lucantonio and colleagues (2014) trained rats to self- administer cocaine or oral 

sucrose for three hours a day across 14 days. After three weeks of abstinence, rats were 

trained to respond in a Pavlovian conditioning over-expectation task that consisted of three 

phases: conditioning, compound training, and extinction. After cocaine, rats were faster at 

extinguishing in this OFC-dependent extinction phase compared to vehicle rats (Lucantonio 

et al., 2014). Although it is unlikely that prior operant training was responsible for the 

increased performance in the ShA rats in Reversal 1, as LgA rats experienced an even 

greater number of cocaine-reinforced operant responses without demonstrating benefit in 

this reversal, the LgA rats did outperform the other groups by Reversal 3. Future studies will 

need to confirm the effect of prior operant training on reversal learning.

A potential reason that more cocaine-induced impairments in reversal performance were not 

observed is the working memory load at 15 seconds inter-trial intervals was low. Other 

studies using OFC-dependent tasks to study cognitive deficits due to cocaine also do not 

detect differences at such short delays, but did using longer delays of 30 and 60 seconds 

(Radley et al., 2015), and 70 and 130 seconds (George et al., 2008). Moreover, we believe 

we are the first to assess performance in this OFC-dependent maze task in animals following 

self-administration of cocaine. We followed the methods of McCracken and Grace (2013), 

who previously reported cocaine-induced deficits in reversal learning following 28 days 

withdrawal from 14 days of intraperitoneal injections of cocaine (30 mg/kg), for a total of 

420 mg/kg administered. Despite attaining greater cocaine intake (the mean intake for LgA 

rats was 645.8 mg/kg), rats in the present study failed to display deficits in reversal learning 

following cocaine self-administration. Thus, it may be possible that bolus administration of 

cocaine produces more significant changes to the circuitry mediating reversal learning.
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Many preclinical studies using the reinstatement model assess relapse at 21–30 days of 

withdrawal, at a time when relapse to cocaine-seeking is robust. To our knowledge, we are 

the first to assess OFC-dependent reversal learning at this time of withdrawal. Calu et al. 

(2007) reported deficits in reversal learning using a go, no-go operant task more than two 

months after cessation of intravenous cocaine self-administration. Potentially, had we tested 

the LgA group later in withdrawal (~60 days), we may have seen results in our LgA rats 

similar to those of ShA rats and to those previously reported by Calu et al. (2007). The 

effects of ShA cocaine self- administration on reversal learning observed here were modest. 

Moreover, although statistically significant, this effect may not be biologically relevant and 

thus future work and replication is now needed.

For our intent to test the effects of learning during abstinence on cocaine relapse, we believe 

the maze task was appropriate. With the failure of this task to attenuate context-induced 

cocaine seeking, an effective cognitive intervention that prevents compulsive relapse to 

cocaine seeking is still needed.
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Highlights

• 6h vs. 2h of cocaine access did not affect context-primed cocaine-seeking

• Reversal learning task performance declined for rats that had 2h of cocaine 

access

• Training in the maze task did not reduce context-primed relapse of cocaine-

seeking
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Figure 1. 
Extended access to cocaine self-administration resulted in greater cocaine intake but not 

greater context-primed relapse to cocaine seeking. A). A timeline of the self-administration 

and relapse procedure. B) LgA rats that had access to cocaine for 6 h/session displayed 

significantly greater intake than ShA rats that had access to cocaine for 2 h/session. C) 

During a 2 h context-primed relapse test, presses on the previously active lever were 

unaffected by cocaine intake or exposure to the maze task. Data are depicted as mean ± 

SEM.
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Figure 2. 
Acquisition and retention of the correct response in a 4-arm maze was not affected by either 

short- or long-access cocaine self-administration. A) A timeline of the maze procedure. 

During response discrimination, (B) total errors and (C) total trials to criterion did not differ 

by group. During the retention trial, (D) total errors also did not differ by group, nor did (E) 

the total trials to criterion. Data are depicted as the mean ± SEM.

Bechard et al. Page 14

Drug Alcohol Depend. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Reversal of the response requirement in the maze was affected by a history of cocaine self-

administration. A) The number of correct trials (expressed as a percentage of total trials 

completed) was affected by cocaine access, with the ShA cocaine group displaying better 

performance than saline rats on the first reversal and worse performance by the third 

reversal. (B) Total number of errors and (C) total number of trials to meet criteria did not 

differ by group. * = p<0.05 compared to Saline; # = p<0.05 compared to LgA cocaine; & = 

p<0.05 compared to day 1. Data are depicted as the mean ± SEM.
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