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A sex-dependent role for the prelimbic cortex in impulsive
action both before and following early cocaine abstinence
Travis M. Moschak1 and Regina M. Carelli 1

Although impulsive action is strongly associated with addiction, the neural underpinnings of this relationship and how they are
influenced by sex have not been well characterized. Here, we used a titrating reaction time task to assess differences in impulsive
action in male and female Long Evans rats both before and after short (4–6 days) or long (25–27 days) abstinence from 2 weeks of
cocaine or water/saline self-administration (6 h daily access). Neural activity in the prelimbic cortex (PrL) and nucleus accumbens
(NAc) core was assessed at each time point. We found that a history of cocaine self-administration increased impulsivity in all rats
following short, but not long, abstinence. Furthermore, male rats with an increased ratio of excited to inhibited neurons in the PrL
at the start of each trial in the task exhibited higher impulsivity in the naïve state (before self-administration). Following short
abstinence from cocaine, PrL activity in males became more inhibited, and this change in activity predicted the shift in impulsivity.
However, PrL activity did not track impulsivity in female rats. Additionally, although the NAc core tracked several aspects of
behavior in the task, it did not track impulsivity in either sex. Together, these findings demonstrate a sex-dependent role for the PrL
in impulsivity both before and after a history of cocaine.
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INTRODUCTION
Heightened impulsivity is often seen in individuals with substance
use disorders [1, 2]. In addition, impulsivity can be fragmented into
multiple subtypes [3], with one subtype being impulsive action,
defined as the inability to wait when making a response. In
preclinical models, impulsive action has a bilateral relationship with
addiction-like behavior, particularly with cocaine. Animals with high
impulsive action exhibit greater cocaine-seeking [4–6], while animals
with a history of cocaine have increased impulsive action [7, 8]; but
see [4, 9].
However, the neurocircuitry underlying the interaction between

cocaine and impulsive action is poorly understood. One circuit that
is well-positioned to play a role in this interaction is the projection
from the prelimbic cortex (PrL) to the nucleus accumbens (NAc)
core, which has been heavily implicated in cocaine-seeking behavior
[10–12]. In addition, neural structure and function in the PrL and NAc
core are altered following a history of cocaine (PrL [13–15]; NAc core
[16–18]). Furthermore, cocaine-induced neural adaptations in the
PrL and NAc core are associated with changes in multiple behaviors,
including drug-seeking [19–21], sign-tracking [22], second-order
conditioning [23], and delay processing [24].
In addition to their interaction with cocaine, both the PrL and

NAc core have been implicated in impulsive action. Several
studies have shown that pharmacological inactivation of the PrL
increases impulsivity [25–28]; but see [29]. In addition, several
studies suggest that dopamine in the NAc core (through its
actions on D1 receptors) promotes impulsive action [30–32].
Furthermore, neural activity in both the PrL and NAc core tracks
impulsivity [26, 28, 33–36].
Finally, several studies have noted sex differences in both

drug use and impulsivity [37, 38]. Females more rapidly initiate

self-administration of cocaine [39], self-administer more cocaine
[40, 41] and have heightened cocaine-seeking [42]. Conversely,
males tend to have heightened impulsivity in tasks measuring
impulsive action [43, 44] but see [45, 46]. However, to our
knowledge no studies have investigated if there are sex differences
following a history of cocaine on impulsive action and its underlying
neurocircuitry.
Given the role of the PrL and NAc core in impulsive action and

the ability of cocaine to alter PrL and NAc core activity and
associated behavior, here we determined the effect of a history of
cocaine self-administration on neural activity in the PrL and NAc
core during a task measuring impulsive action. In addition, we
examined if sex differences exist in impulsivity and neural activity
during the task both before and after a history of cocaine.

MATERIALS AND METHODS
Behavior
Detailed methods are described in Supplementary Methods. All
experiments were conducted in accordance with the National
Institutes of Health Guidelines for the Care and Use of Laboratory
Animals and the University of North Carolina at Chapel Hill
Institutional Animal Care and Use Committee. Briefly, 35 male and
female Long Evans rats (20 male, 15 female, 60–90 days old,
∼300–325 g; Envigo/Harlan) were trained in the titrating reaction
time task (TRTT) as described previously [47] (Fig. 1A). Rats were
initially trained to press a lever for a sucrose pellet (counter-
balanced to be the left or right lever). After obtaining 50
reinforcers for 2 consecutive days, rats were trained to press the
lever within a 5 s window (cued by the light above the lever). After
obtaining 50% accuracy on this task for two consecutive days, rats
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began the TRTT (Fig. 1B). For each trial in this task, a lever was
initially extended into the chamber. Following a VT 1 s delay
(precue period; 0.5–1.5 s range), a cue light was illuminated above
the lever. The cue light was on for a duration ranging from 0.03 to
5 s (depending on each animals’ ability, see below). After the cue
light was extinguished, the lever remained extended for an
additional 2 s (postcue period). The lever was then retracted until
the beginning of the next trial with an intertrial interval of VT 4 s
(1–7 s range). Presses on the lever while the cue light was on
resulted in the retraction of the lever and the delivery of a sucrose
pellet (correct response), while presses when the cue light was off
resulted in the retraction of the lever and delivery of a 0.3 s white
noise burst (incorrect response). The cue duration was titrated
down by 10% if the rat got the previous response correct, and
titrated up by 10% if the rat got the previous response incorrect.
Thus, all rats got ~50% correct and incorrect regardless of their
individual ability in the task. Rats trained on the TRTT for ~3 weeks.
Upon achieving stable behavior, animals underwent catheteriza-
tion and electrode array implantation surgery. Animals had 1 week
of recovery time with ad libitum food and water. Next, animals
were retrained in the TRTT. As soon as behavior stabilized, neural

activity was recorded during a session of the TRTT (see Fig. 1A,
“Naïve TRTT”). An additional task examining behavioral persistence
was administered for 1 h as part of an unrelated experiment (not
presented here).
Subsequently, animals were trained in the self-administration

task in a distinct set of operant chambers (see Fig. 1A “Self-
Administration”). Here, nosepoking into a cued aperture extin-
guished the cue and led to an intravenous infusion of 0.33 mg of
cocaine in 0.2 ml of 0.9% saline (n= 10 males, n= 8 females) or an
equivalent volume of both 0.9% saline (i.v.) and water (delivered
to the water receptacle; n= 10 males, n= 7 females). This infusion
was paired with a 30 s tone and houselight compound stimulus,
and additional nosepokes during this 30 s period did not result in
further infusions. Self-administration lasted for 6 h/day for 14 days.
For this period, water/saline rats were mildly water restricted to 20
ml of water/day and cocaine rats received 35ml of water/day
(extra 15 ml to account for the extra water the water/saline rats
self-administered). In addition, 10 of the 17 “water/saline” rats
were not patent, and thus only received water. To account for this,
we initially statistically examined “water” and “water/saline” rats
separately to determine if there were differences between the

Fig. 1 Titrating reaction time task. A Experimental timeline. After a period of training and surgery, animals were tested in the titrating reaction
time task (Naïve TRTT). They then underwent 2 weeks of self-administration for either cocaine or water/saline. Following self-administration,
animals entered forced abstinence and then retested in the TRTT after 4–6 days (Short Abstinence TRTT) and 25–27 days (Long Abstinence
TRTT). Neural activity was recorded during both naïve TRTT and abstinent TRTT test sessions. B Schematic of a trial in the TRTT. Responses when
the cue light was on (‘Correct’) resulted in delivery of a sucrose pellet. Responses either before or after cue illumination (‘Error’) resulted in a
brief white noise stimulus and no sucrose pellet. Responses during the ‘Precue’ period (‘Early Error’) were considered impulsive. C Males and
females had similar levels of impulsivity at baseline. D Rats were split into ‘high’ and ‘low’ impulsive subgroups. *p < 0.05.
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two. However, no significant differences were observed between
the groups (Fs < 3.29, ps > 0.093) and thus all reported analyses
combined the two groups. Cocaine hydrochloride was obtained
from the National Institute on Drug Abuse and dissolved in 0.9
percent saline.
Following completion of the 2 weeks of self-administration,

animals were entered into drug abstinence and began retraining
on the TRTT. Neural activity was recorded during both naïve TRTT
and during TRRT sessions conducted after two abstinence periods;
4–6 days (“Short Abstinence”) and 25–27 days (“Long Abstinence”)
(see Fig. 1A). In female rats, vaginal swabs were collected shortly
following each electrophysiological recording and the stage of the
estrous cycle was assessed with a brightfield microscope using the
criteria outlined in [48].

Data analysis
TRTT behavior
Drug naïve impulsivity: Each trial in the TRTT yielded one of four
possible responses: Early errors (responses during the precue
period), Correct responses (responses during the cue period), Late
errors (responses during the postcue period), and Omissions (no
response). Impulsivity was defined by the formula: Early errors/
(Early errors + Correct responses + Late errors) * 100 to obtain a
percentage score. An impulsivity score of 100% indicated maximal
impulsive behavior while a score of 0% represented no impulsive
action. We assessed stability in impulsive behavior before our first
electrophysiological recording session (i.e., labeled “Naive TRTT” in
Fig. 1A) by using a repeated-measures ANOVA across three
sessions to ensure there were no trends in behavior. We discuss
other measures (e.g. attention) in the Supplementary Methods.

Self-administration: To determine if a significant escalation of
intake took place for either group, we ran a 2 × 2 × 14 ANOVA
(Drug × Sex × Session) on the number of reinforcers obtained over
the 14 days.

Abstinent impulsivity: Our primary goal was to assess the
change in impulsivity following abstinence from cocaine or
water/saline self-administration as a function of sex. However,
we were also interested in how baseline differences in impulsivity
might moderate this effect, as baseline impulsivity can impact the
effect of cocaine on impulsivity during withdrawal [4, 9] and can
influence neural activity in the PrL and NAc core during an
impulsivity task [49–52]. Thus, we assessed the change in
impulsivity following abstinence with a 2 × 3 × 2 × 2 ANOVA
(Drug × Session × Sex × Baseline Impulsivity), where baseline
impulsivity was determined by a median split. We also assessed
if either the amount of drug administered or the rate of escalation
correlated with either baseline impulsivity or the change in
impulsivity using Pearson correlations. Rate of escalation was
estimated using the linear slope of administration between days 1
and 14.

Electrophysiological analysis
To classify neurons according to their firing pattern, we first
constructed peri-event histograms for each event as described
previously [53]. Baseline for each peri-event histogram was
established as the average activity in the −2 to 0 s prior to lever
extension and cue and −3 to −1 s prior to lever press (to
account for anticipatory changes in neural activity that occurred
shortly before the lever press). We then used paired t-tests to
compare baseline activity to event-related activity. Specifically,
we assessed the 200 ms bin following lever extension, cue
illumination, and lever press (correct and error), as well as the
200 ms bin before lever press (importantly, baselines did not
overlap with these time bins). Neurons were classified as
“Excited” if they significantly increased activity, “Inhibited” if
they significantly decreased activity, or “Nonphasic” if there was
no significant change in activity. We then used χ2 tests to assess
differences in the proportions of neural subtypes across groups
and conditions. To correlate neural profiles with behavior, we

Fig. 2 Neural activity following the lever extension during the Naive TRTT test session. A An example of an ‘excited’ neuron (aligned to the
extension of the lever into the chamber). B An example of an ‘inhibited’ neuron (aligned to the extension of the lever into the chamber).
C Proportion of neurons that were responsive (‘phasic’) to the extension of the lever into the chamber. In the PrL, males had significantly more
phasic neurons than females (left). There were no such differences in the NAc core (right). D Proportion of phasic neurons that were excited or
inhibited. There were no differences between males and females, although NAc core neurons were more excited than PrL neurons overall.
*p < 0.05.
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first calculated the weighted average of neural subtypes for
each rat. Excited neurons were weighted as 1, nonphasic as 0,
and inhibited as −1. For each rat, values for each neuron (1, 0, or
−1) were averaged together to calculate a “Neural Profile”. Thus,
rats with a value above 0 had a more excited profile, while those
with a value below 0 had a more inhibited profile. This neural
profile was then correlated with naïve impulsivity. Finally, we
also correlated the change in the neural profile (Abstinent –
Naïve) with change in impulsivity (Abstinent – Naïve).

RESULTS
Behavior and neural signaling during the TRTT task in drug naïve
state
Behavior. Animals had stable impulsivity (F(2,66) = 1.86, p=
0.163) before beginning self-administration, and there were no
differences in impulsivity between sexes (t(33) = 0.65, p= 0.521;
Fig. 1C). Furthermore, rats classified as high and low impulsive
were significantly different from each other in their impulsivity
levels (t(32) = 8.01, p < 0.001; Fig. 1D). Rats of both sexes were
equally divided between the low and high impulsive groups (low
impulsive: 8 females, 9 males; high impulsive: 7 females, 10 males).
There were no sex differences in other behavioral measures (see
Supplementary Results).

Electrophysiology. 198 PrL neurons and 76 NAc core neurons
were recorded during the first recording session (labeled “Naive
TRTT” in Fig. 1A) prior to self-administration experience.
Examples of excited and inhibited neurons are shown in Fig. 2A,
B. Following lever extension, males had heavier recruitment of
event responsive neurons in the PrL than females, as shown by
higher percent of phasically active cells (PrL phasic/nonphasic
ratio to lever extension, males vs. females: χ2= 12.62, p < 0.001,
Fig. 2C left). There were no such differences between sexes in the
NAc core (NAc core phasic/nonphasic ratio to lever extension,
males vs. females: χ2= 0.73, p= 0.393, Fig. 2C right). In addition,
while there were no differences in the excited/inhibited ratio
between sexes in either brain region (PrL excited/inhibited ratio
to lever extension, males vs. females: χ2= 1.27, p= 0.261; NAc
core excited/inhibited ratio to lever extension, males vs. females:

χ2= 1.37, p= 0.242; Fig. 2D), the NAc core had a more excited
profile than the PrL when collapsing across sex (excited/inhibited
ratio to lever extension, PrL vs. NAc core: χ2= 3.97, p= 0.046).
There were also no significant differences between sexes for
neural responses to the cue light or to lever presses (correct
or error) for either brain region (χ2s < 5.50, ps > 0.064). Finally
there was no effect of estrous cycle on basal firing rate (Fs < 1.65,
ps > 0.236) or neural responses to events in the task (χ2 < 5.73,
ps > 0.057).
In males, the PrL neural profile following lever extension

significantly predicted impulsivity. Specifically, rats with a more
excited profile were more impulsive (r2= 0.30, p= 0.024; Fig. 3A).
There was no such relationship in female rats or in the NAc core
(r2s < 0.19, ps > 0.248; Fig. 3B–D). In total, these data suggest that
the PrL is strongly involved in tracking impulsive action in male,
but not female, rats prior to cocaine experience.

Self-administration behavior
Cocaine rats significantly escalated the amount of drug self-
administered across days (Session: F(5.88, 94.05) = 9.65, p < 0.001;
Fig. 4A). Conversely, female (but not male) rats significantly
decreased self-administration of water/saline across days (Sex x
Session: F(7.27,109.10) = 2.69, p= 0.012; Fig. 4B). For both cocaine
and water/saline, females self-administered more than males
when adjusting for body weight (Cocaine: F(1,16) = 7.31, p=
0.016; Water/Saline: F(1,15) = 13.63, p= 0.002; Fig. 4A, B inset).

Behavior and neural signaling during the TRTT task following
abstinence
Cocaine rats significantly increased impulsivity following absti-
nence from self-administration compared to water/saline rats
(drug × session: F(2,48) = 3.20, p= 0.0498). Bonferonni post hoc
tests showed that this effect was only significant across all
cocaine rats after short abstinence (Fig. 4C). Other behavioral
measures are noted in the Supplementary Results (Table S1,
Fig. S1).
We saw no relationship between impulsivity at any time point

or change in impulsivity with the amount of drug consumed
or rate of escalation (r2s < 0.17, ps > 0.091). Additionally, estrous
cycle had no impact on impulsivity, either before or after

Fig. 3 The relationship between neural activity following the lever extension and impulsivity. A In male rats, PrL activity significantly
correlated with impulsivity. Specifically, rats with a more excited neural profile were more impulsive. No such relationships were seen in female
rats or in the NAc core (B–D).
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self-administration (Fs < 1.69, ps > 0.225) and self-administration
had no effect on estrous cycle (χ2= 0.87, p= 0.928). In total, these
data demonstrate that a brief abstinence from cocaine increases
impulsivity in all rats.

Electrophysiology
187 PrL neurons and 77 NAc core neurons were recorded during a
single session following short abstinence (labeled ‘Short Absti-
nence TRTT’ in Fig. 1A) and 154 PrL neurons and 83 NAc neurons
were recorded during a single session following long abstinence
(labeled ‘Long Abstinence TRTT’ in Fig. 1A). After short abstinence,
cocaine significantly shifted male PrL activity to a more inhibited
profile following lever extension (PrL excited/inhibited ratio to
lever extension in males, cocaine naïve vs. cocaine short
abstinence: χ2= 4.36, p= 0.037; Fig. 5A left); this effect diminished
following long abstinence (PrL excited/inhibited ratio to lever
extension in males, cocaine naïve vs. cocaine long abstinence:
χ2= 1.11, p= 0.292). No such effects were seen in females (PrL
excited/inhibited ratio to lever extension in females, cocaine naïve
vs. cocaine short abstinence: χ2= 0.03, p= 0.858; Fig. 5A right) or
for any group in the NAc core (χ2s < 1.22, ps > 0.270, data not
shown).
Importantly, in male rats the shift in PrL neural profile following

short abstinence correlated with the change in impulsivity. Male
rats with a stronger shift towards an inhibited profile saw a smaller
increase in impulsivity (r2= 0.70, p= 0.005; Fig. 5B left). However,
the original relationship between impulsivity and PrL activity did
not reappear following long abstinence (r2= 0.11, p= 0.386;
Fig. S2), demonstrating that a return to naïve levels of impulsivity
did not coincide with a restoration of the relationship between PrL
activity and impulsivity. No relationships were seen in female rats
(r2= 0.02, p= 0.747; Fig. 5B right) or water/saline rats (r2s < 0.02,
ps > 0.232; Fig. S3). Finally, baseline impulsivity did not interact
with the change in neural profile in any group. All other
electrophysiological results are noted in the Supplementary
Materials (Supplementary Results, Figs. S4, S5, Tables S2, S3). In
total, these results suggest that cocaine alters PrL processing of
the impulsivity task in males, and that this change is associated
with the change in impulsivity.

Histology
Data were only included for cells in the PrL and NAc core. The
placements of these cells are depicted in Supplementary Fig. S6.

DISCUSSION
Several studies have demonstrated a relationship between
impulsive action and cocaine use [4, 7, 8, 54]. However, few have
investigated the neural underpinnings of this relationship or its
interaction with sex. Here, we show that a history of cocaine self-
administration increased impulsivity in all rats. Furthermore, we
found that neural activity in the PrL tracked impulsivity in male,
but not female rats in the naïve state (before self-administration).
Finally, we found that this activity in male rats changed following a
history of cocaine, and that this change in activity predicted the
shift in impulsivity. Together, these findings demonstrate a sex-
dependent role for the PrL in impulsivity both before and after a
history of extended access cocaine.

A history of cocaine increases impulsive action
Male and female rats did not differ in drug-naïve impulsive
action (or cue length), replicating previous work [45, 46].
However, other studies have shown that males have higher
impulsive action [43, 44]. Notably, these studies used the
5-choice serial reaction time task, whereas those that did not
find sex differences (including the present study) did not. The
sex differences in the 5-choice task were most pronounced
following an unexpected experimenter-imposed increase in the
duration of the precue period, which was not administered in
the studies that found no sex differences. Therefore, it is
possible that sex differences in impulsive action only manifest
following an unexpected challenge in task events, particularly
related to the precue period.

Fig. 4 Cocaine self-administration and impulsivity. A Animals
significantly escalated cocaine intake across the 14 days of self-
administration. Females self-administered more cocaine than males,
when adjusting for body weight (inset). B Females, but not males,
significantly decreased water/saline intake across the 14 days of self-
administration. Females self-administeredmore water/saline thanmales,
when adjusting for body weight (inset). C Cocaine increased impulsivity
in rats following abstinence from self-administration. *p< 0.05.
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In addition, all rats increased impulsivity following short
abstinence from self-administration of cocaine. This finding
expands upon previous work in male rats by [7] which also found
increased impulsive action following brief abstinence from
cocaine self-administration. Conversely, Dalley et al. [4, 54] found
no effect of early abstinence on impulsivity, although it is
important to note that rats only self-administered for 5 days
before withdrawal in their studies. Our study also found that the
effects of cocaine on impulsivity were short-lived, with animals
returning to baseline levels of impulsivity after 4 weeks. These
findings differ from those of [8] where an increase in impulsivity
was seen following 4 weeks of abstinence. However, these animals
also concurrently underwent extinction training for cocaine. Thus,
duration of self-administration and the method of withdrawal
(abstinence vs. extinction) may play an important role in
modulating the effects of cocaine self-administration on impulsive
action.

Neural activity in the PrL tracks impulsivity in male, but not
female, rats
Neurons in both the PrL and NAc core tracked several aspects of
the behavioral task, including lever extension (the cue signaling
the start of each trial), lever press, and reward outcome. In males,
we found that rats exhibiting heightened activity in the PrL
following lever extension had higher impulsivity. This finding fits
well with previous studies in male rats demonstrating a relation-
ship between increased excitability in the PrL and impulsivity
[27, 55]. This neural activity may reflect top-down promotion of
stimulus-response pathways [56], motor preparation [57], or an
attention-orienting response. Notably, a dampening of either
process would be expected to result in decreased impulsivity.
However, this finding did not extend to female rats. In fact,

fewer neurons in the PrL were modulated by lever extension than
males, suggesting that the impulsivity task engaged the PrL more
in males than in females. Lower PrL activity in females has been
reported for a variety of behaviors, including both controllable
and uncontrollable stress [58, 59] and contextual renewal for

appetitive cues [60]. In addition, a study measuring impulsive
action in human subjects found that men had higher activity in
Brodmann area 32 (homologous to rodent PrL [61]) during the
task than women, even though there were no behavioral
differences between men and women [62, 63]. Interestingly, this
same study found that females had heightened activity in the
caudate tail, suggesting that the caudal portion of the dorsome-
dial striatum in rodents may be an important region for future
studies examining the neural underpinnings of impulsive action in
females.
We also found that neural activity in the NAc core did not

predict individual differences in impulsivity. This suggests that the
PrL may influence impulsivity through a pathway other than its
projection to the NAc core. Other output regions of the PrL [64]
that are implicated in impulsive action include the dorsomedial
striatum [65], anterior insula [66], and nucleus reuniens of the
thalamus [67], and these pathways may prove fruitful for future
studies investigating the neural underpinnings of impulsive
action.

Neural activity in the PrL shifts following a history of cocaine in
male rats
In males, PrL activity following lever extension (the cue signaling
the start of the trial) became more inhibited following a history of
cocaine. This pattern of activity in the PrL in response to food cues
is distinct from those that have been seen following cocaine cues,
which tend elicit an increase in PrL activity in rodents [68–70]; but
see [71]; and elicit an increase in homologous anterior cingulate
activity in humans [72, 73]; but see [74, 75]. However, several
studies have demonstrated that basal PrL activity is dampened
following a history of cocaine [68, 76–79]; but see [71]. Thus, our
finding suggests that PrL activity to non-cocaine cues may be
more similar to the dampening of PrL activity seen under basal
conditions.
We also found that male rats with a stronger shift towards PrL

inhibition following a history of cocaine had a weaker increase in
impulsivity. This suggests that the dampening of the PrL’s activity

Fig. 5 The change in neural activity following lever extension after abstinence from self-administration. A Left. Short abstinence from
cocaine shifted PrL neural activity to an inhibitory profile in male rats. Right. No changes in the proportion of excited/inhibited PrL neurons
were seen in females. B Left. The shift in PrL activity following short abstinence correlated with the change in impulsivity in male rats. Right.
There was no relationship between the shift in PrL activity and the change in impulsivity in female rats. *p < 0.05.
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during the impulsivity task does not drive the increase in
impulsivity itself, but instead may act as an adaptive response
to counter the behavioral change. The PrL undergoes many neural
adaptations following a history of cocaine [13, 80, 81], although to
our knowledge none of these have been shown to act in
opposition to cocaine-induced changes in behavior. Nonetheless,
neural adaptations that run counter to cocaine’s effect on
behavior have been seen in other brain regions, including the
anterior insula in rats [53] and rostral ventral anterior cingulate
cortex in humans [82]. Thus, while there is a strong focus in the
literature on the role of homeostatic dysregulation in addiction
[83], the current and aforementioned studies suggest that
adaptive homeostatic processes may also play an important and
understudied role.
Because the shift in PrL activity ran counter to the change in

impulsivity, our data suggest that a region other than the PrL is
driving the increased impulsive action. While there are many
possible candidates for such a brain region, one strong
contender is the infralimbic cortex (IL). The IL is implicated in
impulsivity [29] and is known to act in opposition to the PrL in a
number of behaviors, including cue and context learning [84],
fear learning and expression [85], and drug-seeking [85].
Furthermore, a history of cocaine has opposing effects on the
excitability of neurons in the PrL and IL [81]. Finally, the IL
projects to the NAc shell [64], which itself has been strongly
implicated in impulsive action [86, 87].

CONCLUSION
We found that a history of cocaine self-administration increased
impulsive action. In additon, PrL neural activity in male rats
tracked impulsive action and shifted patterns of activity following
a history of cocaine. However, PrL neural activity did not track
impulsivity in females, suggesting that different brain regions may
underlie this activity. Future work is needed to investigate the role
of PrL afferents and efferents in impulsive action as well as other
brain regions that may underlie this behavior in females.
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