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Abstract

There is evidence that the infralimbic cortex (IL) may play a role in mediating interference between conflicting associations learned during acquisition and extinction. The goal of this study was to investigate the role of the IL in AAB renewal, a learning procedure in which a lever-press response is reinforced in context A (acquisition), extinguished in the same context (the response no longer produces a reinforcer), and then tested in both context A and a new context, context B. I hypothesized that temporarily inactivating the IL would impair the expression of extinction in the extinction context and the expression of renewal in a new context. To test this hypothesis, rats were first trained to lever press for a food reward in context A, followed by extinction in the same context. After pharmacological inactivation of the IL, this lever press response was tested in context A and a new context, context B. During the test, there was a trend for IL inactivated rats to display higher levels of responding in the extinction context and lower levels in the new context as compared to control rats, who showed a trend towards an AAB renewal effect. While the results were not statistically significant, likely due to small sample size, the trend of the results aligns with the original hypothesis. These results suggest that the IL may play a role in controlling interference between competing associations when choosing how to respond in a new context.



Introduction
The prefrontal cortex is a region of the brain’s cerebral cortex that can be found in the frontal lobe. Connections with various cortical and subcortical brain areas allow the prefrontal cortex to mediate higher-order executive functioning, which includes planning, judgment, decision-making, and reasoning (Funahashi, 2017). Put simply, executive function enables goal-directed voluntary behavior, an important function in everyday life. Our behaviors involve managing interference, as we act on a behavior, thought, or emotion, as well as suppressing other behaviors that might not be appropriate in a given situation. 
A current focus in neuroscience research is to better understand the neural mechanisms of executive function and voluntary behavior, which is often examined using rodent models. Rodent studies of instrumental conditioning translate to voluntary behavior in humans, and there are a number of implications for maladaptive human behaviors such as overeating and drug use, and the relapse of such behaviors. For example, impaired executive function in rodents can help us understand the development of addiction in humans, as well as the brain regions involved in such behaviors, by examining the acquisition, extinction, and renewal of extinguished behavior across different contexts. There is data to support the idea that the infralimbic cortex (IL), a region of the rodent medial prefrontal cortex, is involved in managing the interference, suppressing unwanted behaviors, that support appropriate voluntary behaviors (Barker et al., 2014; Green & Bouton, 2021).
Instrumental conditioning, also commonly known as operant conditioning, describes the learning procedure in which reinforced behaviors are more likely to increase, while punished behaviors are likely to decrease (Skinner, 1938; Thorndike, 1911). Instrumental behavior has been studied extensively in rodents and typically involves the rodent performing a response, such as pressing a lever, which produces a reinforcer, such as a food pellet. The rodent learns to associate the response with the reinforcer and the response is strengthened, meaning it occurs more frequently. This is supported by a response-outcome (R-O) association, and this association can be shown using a reinforcer devaluation test, in which the value of a reinforcer is reduced, such as by pairing it with nausea produced by an injection of lithium chloride, and goal-directed behavior subsequently decreases in a non-reinforced test.  Extinction occurs when, following acquisition learning, the reinforcer is removed and responding decreases (Rescorla, 2001). In this case, the response may be an excitatory association with the absence of the reinforcer (R-no O) or, alternatively, an inhibitory association with the unconditioned stimulus learned during extinction (Delamater & Westbrook, 2014). Studies of operant behavior, and the reduction of such behavior through extinction, have provided valuable insight into the role of reinforcement in voluntary behavior. Overall, instrumental conditioning is a laboratory model of voluntary behavior that allows us to study the underlying associative processes and brain substrates.
All of our learning and behavior occurs within a context, which consists of a particular set of stimuli. There are many kinds of contexts, stretching beyond simply the physical environment. Drug states, temporal cues, hunger and satiety, and stress are some of the other major contexts commonly studied (Bouton 2019). Context plays a significant role in guiding instrumental responding, which can be demonstrated by studies of extinction and renewal. An important theme in extinction studies is the idea that extinction does not erase the previous learning (Bouton, 2019). The renewal effect is a classic example of extinguished behavior returning, which occurs when responding ‘renews’ when the subject is removed from the extinction context (Bouton et al., 2011). 
While there are multiple forms of renewal, the effect is illustrated most simply in the phenomenon called ABA renewal. In ABA renewal, a response is reinforced and learned in one context (context A) and extinguished in a second context (context B). Responding is then tested in both contexts. Although the response was extinguished in context B, return to the acquisition context causes the extinguished behavior to return (Bouton et al, 2011). ABA renewal shows that the original learning context appears to play a significant role in restoring behavior. Other forms of renewal include ABC renewal and AAB renewal, both of which also represent a return of the extinguished response with a change in context; however, in ABC and AAB renewal, the renewal context is a new context rather than the acquisition context (Bouton et al., 2011). These forms of renewal reveal that it is not just the original context that produces renewal, but a removal from the inhibition of the original learning produced by the extinction context. In summary, the renewal effect demonstrates that removal from the extinction context can restore extinguished behaviors.
	Renewal studies involve the learning of two conflicting associations. For example, in one context, a response might lead to a reinforcer (i.e. acquisition), but in a new context, the response does not lead to a reinforcer (i.e. extinction). The subject must decide which learned behavioral strategy will guide responding based on contextual cues. For this reason, it has been proposed that extinction of instrumental conditioning is an example of a retroactive interference process (Bouton, 2019). Retroactive interference describes the conflict between new and old learning, where the new learning disrupts memory or expression of what was previously learned. If a response has been learned in one context and extinguished in a second context, there is a conflict between this acquisition learning and extinction learning when deciding how to respond at test. Importantly, however, the original learning is retained. The new learning tends to be more context-specific than the old learning, and removal from the context of the new learning can remove the retroactive interference of the old learning, allowing it to reemerge. Alternatively, another type of interference can occur between the learned associations, known as proactive interference. In proactive interference, the first thing learned (acquisition) interferes with the second learning experience (extinction). Both retroactive and proactive interference are at play in instrumental conditioning when successive associations with the response are learned.
Acquisition and extinction represent two conflicting learning experiences that have been studied extensively.  In a series of four experiments, Bouton et al. (2011) examined ABA, ABC, and AAB renewal effects in instrumental conditioning. In each experiment, a lever press response was learned using food pellet reinforcement, extinguished, and then tested in the different contexts designated. For ABA renewal, acquisition occurred in context A, extinction in context B, and then the response was tested in contexts B and A. ABC renewal involved acquisition in context A, extinction in context B, and tests in contexts B and C. Lastly, for AAB renewal, both acquisition and extinction took place in context A, and testing was done in context A and context B. The results showed that removal from the extinction context allowed for renewal of the extinguished lever press response. This suggests that the response-reinforcer association (i.e. acquisition) had not been forgotten but was suppressed due to extinction interference that was removed with a context change. Overall, these results support the idea that learning in a second phase interferes with, but does not erase, learning from a previous phase, and current contextual cues assist in promoting behavior. In other words, behavior is determined by which of the two learned associations are retrieved by contextual cues (Bouton, 2019). 
	The infralimbic cortex (IL), a subregion of the rodent medial prefrontal cortex (mPFC), may be involved in these interference processes. The IL is part of the brain’s neocortex, which is six-layered and makes up most of the mammalian cerebral cortex. Each layer of the neocortex consists of distinct cell types, densities, sizes, and neuronal connections (Purves, 2018). Layer I, the outermost layer, is the molecular layer and is acellular. Upper layers II and III consist mainly of pyramidal neurons which project to other areas of the neocortex. Deeper layers V and VI also have pyramidal neurons which project out of the cortex to regions such as the thalamus, brainstem, and spinal cord. Layer IV, containing stellate neurons, receives the majority of incoming sensory information and sends it to the other layers for processing (Purves, 2018). The IL has a number of projection sites throughout the brain which include nuclei of the thalamus, basal forebrain, amygdala, hypothalamus, and brainstem (Vertes, 2003). Striatal projections of the IL mainly go to the nucleus accumbens (NAc), a region of the brain that plays a key role in reward processing (Green & Bouton, 2021). Major sources of input to the IL include the orbital prefrontal cortex (oPFC), hippocampus, medial basal forebrain, basal nuclei of the amygdala, and midline thalamus, which relay primarily limbic information (Hoover & Vertes, 2007).
	Previous work supports the role of the IL in mediating interference. In particular, the IL is thought to be involved in the expression of both extinction and habitual behavior. Habitual behavior describes extensively trained instrumental behavior that is no longer supported by an R-O association but is instead now supported by a second association, a stimulus-R association.  Habits can be distinguished from actions using the reinforcer devaluation method, in which habitual responding continues even after the outcome has been devalued, while goal-directed responding does not. For example, Steinfeld and Bouton (2021) trained an action in one context and then, following extended training, established a habit in a second context. They then performed reinforcer devaluation in both contexts and tested the response in each. Goal direction was renewed in the first context, but the response remained habitual in the second context. Their results support the parallel between habit learning and extinction learning in that both involve context-specific interference with prior learning. When these two behavioral states have been learned, one must decide which learning experience will guide current behavior. Interpreting instrumental responding as a retroactive interference process suggests that even when conflicting information has been learned, behavior is driven by the current context. This parallel suggests that the IL may not simply drive habits and extinction, but rather it has a larger role in controlling interference processes and switching between learned behavioral states (Barker et al., 2014; Green & Bouton, 2021). 
The IL may actively inhibit R-O associations to allow for S-R associations to drive behavior in overtrained animals and may actively inhibit acquisition behavior to allow for extinction expression (Barker et al., 2014). If this inhibition were removed, such as through pharmacological inactivation of the IL, the first learned association (i.e. R-O) would return and control behavior. For example, Eddy et al. (2016) studied ABA renewal of extinguished instrumental responding for a food reinforcer in rats. The rats received pharmacological inactivation of the infralimbic cortex prior to tests in contexts A and B. They found that infralimbic inactivation attenuated the expression of both extinction (in context B) and ABA renewal (in context A). If a first learning experience is acquisition (R-O) and a second learning experience is extinction (R-no O), infralimbic inactivation will impair the expression of extinction and restore acquisition expression (Barker et al., 2014). In this case, the IL may have suppressed the conflicting association in each context (R-no O in context A; R-O in context B), resolving retroactive interference in context A and proactive interference in context B (Green & Bouton, 2021). This suggests that the reason that Eddy et al. (2016) observed a reduction of both extinction and ABA renewal after infralimbic cortex inactivation is because of a return of acquisition performance (in context B) and extinction performance (in context A), respectively.
More recently, Broomer et al. (unpublished results) built upon the idea that the IL has a role in resolving interference between learned behavioral states. In rats, they minimally-trained a response in context A and then extensively-trained the same response in context B.  Both responses were goal-directed actions in control rats.  Following IL inactivation, Broomer et al. (unpublished results) found that the goal-directed action in either context was converted to a habit. A goal-directed instrumental response, however, was not affected by IL inactivation if only a single response was minimally trained, indicating that the IL may be involved when there are two conflicting associations learned (see also Shipman et al., 2018). Overall, these results are consistent with the idea that the IL is necessary to suppress one association so that an alternate association can drive performance.
The potential role of the IL in operant behavior can also be considered in comparison to the neighboring prelimbic cortex. In a previous study, Trask et al. (2017) found that the prelimbic cortex was important for ABA renewal in rats but not ABC renewal, likely because the prelimbic cortex is important for mediating the effects of acquisition context (context A), but not other contexts, on behavior. If the IL, on the other hand, is important for mediating the interfering effects of previous learning, the IL should be needed not only upon a return to context A (in ABA renewal) (Eddy et al., 2016; Trask et al., 2017), but also in a new context, context C (in ABC renewal). In both ABA and ABC renewal, two associations (R-O; R-no O) are learned, but in ABC renewal, the return of responding is driven entirely by removal from the extinction context (context B). 
I hypothesize that IL inactivation will impair both the expression of extinction in the extinction context (as in Eddy et al., 2016) and the expression of renewal in a new context. This hypothesis can be tested with either an ABC or an AAB renewal design; AAB renewal is simpler to implement because it involves only two contexts, which is why I chose to use it. In this experiment, rats underwent acquisition training and extinction training in context A, followed by pharmacological inactivation of the IL and testing of the lever-pressing response in context A and a new context, context B. The IL was inactivated via an infusion of baclofen/muscimol (B/M), which acts by targeting GABA receptors in the region of infusion. GABA is a neurotransmitter that is commonly found in local circuit interneurons, and it has two types of postsynaptic receptors: GABAA receptors, which are ionotropic, and GABAB receptors, which are metabotropic (Purves, 2018). Baclofen activates GABAB receptors and muscimol activates GABAA receptors. Activation of GABAA receptors results in an influx of negatively charged Cl-, while activation of GABAB receptors results in opening of K+ channels and efflux of K+, both of which hyperpolarize post-synaptic neurons, therefore temporarily inactivating the brain region (Purves, 2018). If the IL is involved in resolving interference by suppressing a competing association, IL inactivation should cause behavior to be (at least partially) driven by the competing association, meaning the acquisition association (R-O) in the extinction context (context A), and the extinction association (R-no O) in a new context (context B). 


Methods
	Subjects. The subjects were 16 male rats purchased from Charles River. The rats were approximately 60 days old at the start of the experiment. All subjects were housed individually in a room with a 12:12 hour light:dark cycle and experimentation was completed during the light period of the cycle. 
	Surgery. Isoflurane was used to anesthetize the rats for stereotaxic surgery. Guide cannulae (26G) were implanted bilaterally in the IL region of the mPFC. Coordinates used were AP +2.76 mm, ML +/- 2.66 mm, DV -4.5 mm and cannulae were implanted at 24 degree angle to avoid the overlying prelimbic cortex. Rats were administered bupivacaine for a local anesthetic and lactated Ringer’s solution for hydration during surgery. Carprofen was also given both during and after surgery for analgesia. Rats were given 5 days for recovery following surgery. After recovery, a new baseline weight was taken and the rats began food deprivation to achieve 90% of their baseline weight.
	Apparatus. Two sets of four conditioning chambers were used as the two contexts, counterbalanced. Each chamber was sound attenuated and of the same design. A food cup was centered in the box with a retractable lever to its left. One incandescent bulb was mounted to the ceiling of the chamber and background noise was provided by ventilation fans. 
	The first set of boxes had side walls made of brushed aluminum, while the front and rear walls and ceiling were made of clear acrylic plastic. The floor was composed of staggered stainless steel grids. The walls and ceilings contained no distinctive visual cues. White vinegar (5 ml) was placed in a dish outside each chamber to provide a continuous, distinct odor. In the second set of boxes, the front and rear walls and ceiling were again made of clear acrylic plastic, and the side walls were brushed aluminum. On the rear acrylic side was a 1.5 cm vertical gray stripe down the center. The stainless steel grids of the floor were spaced 1.6 cm apart. A dish containing 5 ml of Vicks VapoRub was placed outside each chamber. 
	The reinforcer was a 45 mg food pellet. The apparatus was controlled by computer equipment.
Magazine training. On the first day of the experiment, all rats were assigned to a box within each set of chambers. They received one 30 minute session of magazine training in each context, with each session separated by 45 minutes. Once the rats were placed in their assigned chambers, there was a two minute delay before the start of the session. In each session, 60 reinforcers were delivered on a random time 30 second schedule. No levers were present during these magazine training sessions.
Acquisition. All rats received one 30 minute session of instrumental training in context A for the following 6 days. There was a two minute delay after the rat was placed in the chamber, and the training session began with the insertion of the retractable lever into the chamber. A lever press delivered reinforcers on a variable interval 30 second schedule. On each day, all rats also received a 30 minute exposure to context B, with a 45 minute delay separating context A training and context B exposure. Training and exposure sessions were counterbalanced for order across rats.
Extinction. For the next 4 days, all rats received one 30 minute session per day of extinction in context A. Again, following a 2 minute delay, the lever was inserted into the chamber to begin the session. Lever pressing did not produce a reinforcer in these sessions. On each day, all rats also received a 30 minute exposure to context B, with a 45 minute delay separating extinction in context A and context B exposure. Extinction and exposure sessions were counterbalanced for order across rats.
Infusions. On the last day of the experiment, all rats received an infusion via Hamilton syringes of either 0.9% saline vehicle (control) or 1.0mM/0.1mM baclofen/muscimol (B/M) dissolved into 0.9% saline vehicle to temporarily inactivate the IL. Half the rats received saline vehicle and the other half received B/M. Internal cannulae were inserted bilaterally into the guide cannulae. An infusion of 0.5 µL per side was delivered at a rate of 0.25 µL per minute. The internal cannulae were left in the guide cannulae for 1 minute after infusion was completed to allow for complete diffusion of the drug or saline. After removing the internal cannulae, dummy cannulae were replaced. Approximately 30 minutes elapsed between the end of infusion and the start of testing. 
Test. Following infusions, all rats were given one 10 minute extinction test in both context A and context B, counterbalanced. There was a 2 minute delay after the rat was placed in the chamber. The lever was inserted into the chamber to begin the session and removed to end the session. Half the rats were tested first in context A, and half were tested first in context B. Tests were separated by 1 hour.
Data Analysis.  Lever presses per minute was the dependent measure.  Groups were compared with repeated-measures ANOVAs.

Results
	Two rats (1 B/M, 1 vehicle) were excluded from the final data analysis. One rat (vehicle) became ill and had to be euthanized and the other rat (B/M) became inactive after the IL infusion. Final totals were n=7 for each group.
Acquisition
All rats increased their lever-presses per minute throughout the six days of acquisition (Figure 1). This was confirmed with a 2 (group: B/M vs. vehicle) x 6 (session) repeated measures ANOVA, where group indicated the infusion that rats would receive prior to test.  This revealed a significant session effect, F(5,60) = 52.18, p < 0.05.  The group and group x session effects were not significant, p’s > 0.33.
Magazine entries per minute were also analyzed (Figure 2).  A 2 (group_B/M vs. vehicle) x 6 (session) repeated measures ANOVA revealed a significant session effect, F(5,60) = 6.34, p < 0.05.  The group and group x session effects were not significant, p’s > 0.13.
Finally, pellets earned per minute were analyzed (Figure 3).  A 2 (group_B/M vs. vehicle) x 6 (session) repeated measures ANOVA revealed a significant session effect, F(5,60) = 16.83, p < 0.05.  The group and group x session effects were not significant, p’s > 0.68.

Extinction
	During the four days of extinction in context A, all rats decreased their lever-presses per minute in a similar manner (Figure 1).  This was confirmed with a 2 (group: B/M vs. vehicle) x 4 (session) repeated measures ANOVA, where group indicated the infusion that rats would receive prior to test.  This revealed a significant session effect, F(3,36) = 76.85, p < 0.05.  The group effect was not significant, p > 0.05.  Unexpectedly, the group x session effect was significant, F(3,36) = 6.62, p = 0.043.  Follow-up independent samples t-tests comparing groups in each of the 4 sessions of extinction failed to reveal a significant difference, smallest p = 0.153 in extinction session 1.
	Magazine entries per minute were also analyzed (Figure 2).  A 2 (group: B/M vs. vehicle) x 4 (session) repeated measures ANOVA revealed a significant session effect, F(3,36) = 38.63, p < 0.05.  Unexpectedly, the group effect, F(1,12) = 4.83, p = 0.048 and the group x session effect, F(3,36) = 4.81, p < 0.05 were also significant.  Follow-up independent samples t-tests comparing group in each of the 4 sessions of extinction revealed a higher rate of magazine entries in extinction sessions 1 and 2 (p’s < 0.05) and a marginally higher rate in session 3 (p = 0.055) in rats that would receive B/M infusions prior to test.


Figure 1. Lever presses per minute during acquisition and extinction. Group represents the treatment rats will receive prior to test. Error bars are standard error of the mean.



Figure 2. Magazine entries per minute during acquisition and extinction. Group represents the treatment rats will receive prior to test. Error bars are standard error of the mean.



Figure 3. Pellets earned per minute during acquisition. Group represents the treatment rats will receive prior to test. Error bars are standard error of the mean.

Test
[bookmark: OLE_LINK3]During the 10 minute tests in context A and context B, IL inactivated rats showed a lower level of responding in context B as compared to control rats (Figure 4A). The control animals showed an AAB renewal effect with increased responding in context B. However, a 2 (group: B/M vs. vehicle) x 2 (context) repeated measures ANOVA failed to reveal any significant effects, p’s > 0.48.
The difference in response trends between B/M and control animals appeared closer to our prediction in the first five minutes of the test (Figure 4B).  However, a 2 (group: B/M vs. vehicle) x 2 (context) repeated measures ANOVA failed to reveal any significant effects, p’s > 0.44.
Magazine entries per minute were also analyzed.  A 2 (group_B/M vs. vehicle) x 2 (context) repeated ANOVA failed to reveal any significant effects, p’s > 0.60.
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Figure 4. Lever-press response rates during test in contexts A and B. A. Response rates throughout the duration of the 10 minute test; B. Response rates during the first 5 minutes of the test. Error bars are standard error of the mean.

Discussion
The purpose of this experiment was to test the hypothesis that IL inactivation will impair both the expression of extinction in context A and the expression of renewal in a new context, context B. Guide cannulae were surgically implanted into the IL and the rats then underwent training in context A to lever press for a food pellet reinforcer. Responding was extinguished in the same context, context A, during which lever pressing no longer produced the reinforcer. Prior to test, the rats were given intra-IL infusions of either B/M or saline vehicle. Testing occurred in the extinction context (context A) and a preexposed, untrained context (context B) in a counterbalanced order. 
It was predicted that, if the IL is involved in controlling interference between learned behavioral strategies, suppressing a competing association, then IL inactivation should prevent or reduce this suppression. Responding after IL inactivation should be at least partially controlled by the competing association, meaning R-O (acquisition) in the extinction context (context A), and R-no O (extinction) in a new context (context B). The trend of the results was consistent with these predictions, although the effects were not statistically significant (likely due to low sample size). The experiment was run with only 16 rats, rather than the preferred 32, to ensure the project would be completed before the end of the semester. Unfortunately, such small group sizes lead to a greater effect of variability and the results cannot be interpreted as reliably as with a larger sample size. During the first half of the test, renewal in context B and extinction in context A were numerically reduced by inactivation of the IL. The lever-press response was increased in the extinction context (context A) and decreased in the untrained context (context B), as compared to the control group which exhibited a trend towards AAB renewal. Both groups exhibited responding at a similar rate during acquisition and extinction, which were conducted without IL infusions.
These preliminary findings align nicely with those of Eddy et al. (2016), who found that IL inactivation impaired the expression of extinction in the extinction context, as well as the expression of ABA renewal. In a similar manner to my study of AAB renewal, there was a return of acquisition performance in the extinction context and a return of extinction performance in the renewal context. We can interpret these results as supporting the theory that instrumental responding involves both proactive and retroactive interference processes, mediated by the IL. In any given context, the IL is likely responsible for suppressing the conflicting association. In ABA renewal, this suppression is thought to resolve retroactive interference in context A and proactive interference in context B. My experiment has preliminarily expanded upon these findings by demonstrating a similar trend in AAB renewal. The IL should normally suppress the acquisition association in context A after extinction in that context has taken place, which explains why there was a return of acquisition performance in the extinction context (context A) following IL inactivation.  The IL may also suppress extinction performance in a non-extinction context, allowing renewal to occur; IL inactivation removes at least some of the suppression of extinction performance in this non-extinction context.
	The difference in lever-pressing performance between the IL-inactivation group and the control group in the current experiment supports the idea that the IL is involved when there are two conflicting associations learned (such as acquisition and extinction) and, more specifically, that the IL is important for controlling interference between these conflicting associations. When the IL is inactivated, this interference cannot be controlled, and behavior is at least partially controlled by a competing association. These conclusions support the ideas put forth by Broomer et al. (unpublished results) in their study of IL inactivation with goal-directed actions and habits. In their experiment, IL inactivation had no effect when only one association (goal-directed action) was learned, but if there was minimal training of a response in one context and extensive training of the response in another context, IL inactivation led to expression of a habit rather than an action. These results suggested that the IL is necessary for suppressing one learned association to allow for another association to drive performance, such as suppressing performance guided by an R-O association to allow for performance guided by an S-R or an R-no O association and vice versa. Overall, the results of the current experiment provide preliminary evidence to advance our understanding of the IL’s role in resolving interference, particularly in renewal of extinguished instrumental behavior. It is important to note that we still need to verify the cannula placements with histology to ensure that the correct region was targeted.
Much of the current neuroscience research examining the role of the IL in instrumental behavior has also considered the role of the neighboring PL. Many researchers have suggested that the IL and the PL are underlying suppression and promotion (respectively) of instrumental behavior for a food reinforcer (Eddy et al., 2016). Work in our lab points towards a more complex story. For example, by examining the effects of PL inactivation on ABC and ABA renewal, Trask et al. (2017) demonstrated that the PL is involved in mediating the effects of the acquisition context on behavior and that PL inactivation attenuates responding in the acquisition context, but not in another context. In other words, the PL seems to be important for ABA renewal, but not ABC renewal. Thomas et al. (2020) found similar results after testing a behavioral chain in which the first response (pressing a lever or pulling a chain) acted as the behavioral context for the second response (pulling a chain or pressing a lever). Following PL inactivation, there was a reduction in the first response only in the physical acquisition context and the second response only when the first response was present, suggesting that the PL is important for mediating the effects of the acquisition context, even when this context is behavioral rather than physical. The results of the current experiment were directed towards shedding light onto the potential role of the IL in mediating interference from competing associations. Our prediction here was that the IL would be needed for responding in both context A and context B in an AAB renewal design. There was a non-significant trend in that direction, but we were only able to test half of the rats needed. If this trend becomes a significant difference with a second set of rats added, it will suggest that the role of the IL in instrumental behavior is not only important, but also more complex than previously suggested. Considering the current results alongside previous conclusions about the PL offers a greater overall understanding of instrumental behavior at the neural level.
There are a number of future directions to explore and build upon the current findings. Primarily, increasing the number of rats in the study would yield far more definitive and representative results. While the current experiment included only 16 rats, the number of subjects could be doubled in future experiments to allow for group sizes of 16 (16 vehicle, 16 B/M). Group variability would go down as a larger sample size converges on a truer mean, and the results would be less affected when rats are excluded due to misplaced cannulae or illness. More rats would also be ideal because AAB renewal is a relatively small effect, especially compared to ABA renewal, as demonstrated by Bouton et al. (2011). It is possible that direct conditioning of the acquisition context (context A) in ABA renewal excites the lever press response during test, but in AAB renewal, extinction occurs in the same context as acquisition. Additionally, rats receive only a small number of food pellets in the renewal context (context B) during magazine training in AAB renewal (Bouton et al., 2011). 
It would also be beneficial to examine IL inactivation in ABC renewal, which was the original intent of this project. Trask et al. (2017) demonstrated that PL inactivation had no effect on renewal when testing occurred in a new context following extinction and, more specifically, that there was no effect of PL inactivation on ABC renewal. These results suggest that there is a different region that mediates responding in a new context when there are competing associations. By examining IL inactivation in ABC renewal, we could demonstrate the potential role of the IL in controlling these interference processes to complement our study of AAB renewal. 
Further insight about the role of the IL in context-dependent instrumental responding could come from investigating female rats, as this experiment focused only on male rats. Male rodents have been the default model organism in preclinical neuroscience research for quite some time (note though that most of the behavioral research of Bouton and colleagues has used female rats), but researchers have recently been questioning this practice. Shansky and Murphy (2021) outlined a number of behavioral strategies that differ between male and female rodents which demonstrate the importance of considering both sexes in experiments. In particular, sex differences in behavioral strategies can be observed in spatial-navigation tasks, reward tasks, and fear learning tasks. Such differences in learning strategies suggest that there may be differences in the neural underpinnings of these strategies, as well. To achieve a more complete understanding of the IL, and to help reduce the shortcomings resulting from male-only research, it would be valuable to expand the current experiment to include both male and female rats. 
There is still much to be learned about instrumental renewal and context-dependent behavior on the neural level. The current study adds preliminary evidence to our understanding of the IL in instrumental conditioning by demonstrating that IL inactivation attenuates AAB renewal and the expression of extinction in context A. When the experiment is completed with another cohort of rats, the results may support the theory that the IL is important for resolving interference between learned behavioral states, which is especially insightful because many previous renewal studies have focused primarily on the PL (and ABA renewal). With this study, our comprehension of mPFC function, as an interconnected system, continues to grow as we learn how the IL and PL work together to drive instrumental behavior. Further, we can use this knowledge to interpret maladaptive behaviors in humans and develop potential treatments.
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