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Abstract
BACKGROUND—An inability to inhibit behaviors once they become maladaptive is a
component of several psychiatric illnesses and the medial prefrontal cortex (mPFC) was identified
as a potential mediator of behavioral inhibition. The current study tested if the mPFC is involved
in inhibition of sexual behavior when associated with aversive outcomes.

METHODS—Using male rats, effects of lesions of the infralimbic (IL) and prelimbic (PL) areas
of the mPFC on expression of sexual behavior and ability to inhibit mating were tested using a
paradigm of copulation-contingent aversion.

RESULTS—mPFC lesions did not alter expression of sexual behavior. In contrast, mPFC lesions
completely blocked the acquisition of sex-aversion conditioning and lesioned animals continued to
mate, in contrast to the robust behavioral inhibition towards copulation in mPFC intact males,
resulting in only 22% of intact males continuing to mate. However, rats with mPFC lesions were
capable of forming a conditioned place preference to sexual reward and conditioned place
aversion for lithium chloride, suggesting that these lesions did not alter associative learning or
sensitivity for lithium chloride.

DISCUSSION—The current study indicates that animals with mPFC lesions are likely capable of
forming the associations with aversive outcomes of their behavior, but lack the ability to suppress
seeking of sexual reward in the face of aversive consequences. These data may contribute to a
better understanding of a common pathology underlying impulse control disorders as compulsive
sexual behavior has a high prevalence of comorbidity with psychiatric disorders and Parkinson’s
Disease.
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INTRODUCTION
The medial prefrontal cortex (mPFC) is involved in many higher order functions of the
mammalian nervous system including the regulation of emotional arousal, anxiety-like
behaviors, as well as behavioral flexibility and decision making (1–5). Reward-based
decision making is thought to be controlled by a neuronal circuit comprised of the mPFC,
amygdala, and striatum (6) in which the mPFC acts as a “top-down” controller of this
process (7,8). A central feature of reward-based decision making is the ability to track
“response-outcome” relationships over time (9). In this way, when consequences associated
with a behavioral action become unfavorable, the frequency of these actions decreases. This
results in a positive behavioral adaptation, and this response is dependent on intact mPFC
function (8,10). An inability to alter behavioral actions once they lead to adverse
consequence is a symptom common to a variety of addictive disorders (11–15).

Rodent male sexual behavior is a natural reward-based behavior in which response-outcome
relationships are monitored to achieve the goal of copulation (16). However, male rats
abstain from copulating when sexual behavior is paired with the aversive stimulus lithium
chloride (LiCl; 17, 18). mPFC activity has been correlated with male sexual behavior in
rodents (19–25) and humans (26). However, the exact role of the mPFC in sexual behavior
remains unclear. The goal of the present study was to characterize the effects of mPFC
lesions on the expression of sexual behavior, and on the acquisition of behavioral inhibition
towards sexual behavior in rats using a model of copulation-contingent aversion. Lesions
included the infralimbic (IL) and prelimbic (PL) nuclei of the mPFC, as these subregions
have been shown to project to brain areas involved in the regulation of sexual behavior (20).
Results from this study show that intact mPFC function is not required for normal
expression of sexual behavior. Instead, the results support the hypothesis that mPFC
regulates the execution of behavioral inhibition towards sexual behavior once this behavior
is associated with aversive outcomes.

MATERIALS AND METHODS
Animals

Adult male (250–260 grams) Sprague Dawley rats obtained from Harlan labs (Indianapolis)
were housed individually in an artificially lighted room on a reversed light/dark cycle (12:12
h, lights off at 10 AM) at a temperature of 72°F. Food and water were available at all times.
Ovariectomized, estrogen (s.c. silastic capsule with 5% 17-beta-estradiol benzoate) and
progesterone (s.c. injection 500 μg in 0.1 ml of sesame oil) primed female Sprague Dawley
rats (210–225 grams) were used in all mating tests, which began four hours after the onset of
the dark period and behavior was conducted in a rectangular Plexiglas test cage (60×45×50
cm) under dim red illumination. All procedures were approved by the Animal Care and Use
Committee of the University of Cincinnati, University of Western Ontario Animal Care
Committee, and conformed to NIH and CCAC guidelines involving vertebrate animals in
research.

Lesion Surgery
Animals were anesthetized with a 1-ml/kg dose (87 mg/kg Ketamine and 13 mg/kg
Xylazine). Animals were placed in a stereotaxic apparatus (Kopf instruments, Tujunga, CA
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USA), an incision was made to expose the skull, and holes were drilled above the injection
sites using a dremmel drill (Dremmel, USA). Ibotenic acid (0.25μl, 2% in PBS) was infused
bilaterally using two injections at different dorsoventral coordinates, each over a 1.5 minute
period using a 5μl Hamilton syringe at the following coordinates relative to Bregma (with
skull leveled horizontally): For PL and IL lesions: AP= 2.9, ML= 0.6, DV= −5.0 and −2.5.
Sham lesions were performed using the same methods, but using vehicle (PBS) injections.
All animals were allowed to recover for 7–10 days prior to behavioral testing.

Design
Expression of sexual behavior—PL and IL lesions were performed in animals that
were sexually naïve prior to surgery. After recovery, the animals were allowed to mate once
a week until display of one ejaculation, for a total of four consecutive weeks following
surgery. Differences in sexual parameters (i.e. latencies to mount, intromission, ejaculation,
and numbers of mounts and intromissions) within each experiment were analyzed using a
one-way ANOVA with lesion surgery as a factor. Post hoc comparisons were conducted
using Fishers PLSD tests, all with 5% significance levels.

Elevated Plus Maze Experiments—Animals with lesions or sham treatment were tested
on the elevated plus maze (EPM). This test was performed five weeks following surgery and
one week following the last mating session. The EPM was made out of clear Plexiglas and
consisted of four arms of equal length extending from a center arena that formed the shape
of a plus sign. Two arms of the maze were open to the external environment and the other
two arms of the maze were enclosed by dark sidings (40cm high) that stretched along the
entire length of the arm. Borders between the middle area and the arms were defined by
white stripes on the arms located 12cm from the middle of the maze. EPM tests were
conducted under dim illumination, 1–4 hours after onset of the dark period. Differences
between sham and lesioned animals were determined using student t-tests with 5%
significance level.

Conditioned Sex Aversion—Male rats were subjected to three mating sessions to gain
sexual experience prior to lesion or sham surgery. Animals that displayed an ejaculation
during at least two out of three pre-surgery mating tests were included in this study and
randomly divided over four experimental groups: Sham-LiCl, Lesion-LiCl, Sham-Saline,
and Lesion-Saline. Lesion or sham surgeries were performed 3 days after the last training
session. Animals were allowed to recover for one week after the surgeries before
conditioning sessions began. During the conditioning sessions, half of the sham and lesioned
males received LiCl immediately following mating (Sham-LiCl and Lesion-LiCl), while the
other half of the sham and lesioned males served as controls and received saline
immediately following mating (Sham-Saline and Lesion-Saline). On conditioning day 1,
animals were allowed to mate to one ejaculation and were injected within one minute
following ejaculation with a 20ml/kg dose of either 0.15M LiCl or saline and then placed
back into their home cages. In the morning on conditioning day 2, all males were weighed
and saline conditioned animals were given a 20ml/kg dose of 0.15M LiCl, while LiCl
conditioned animals were injected with an equivalent dose of saline. This paradigm was
repeated during twenty consecutive days totaling ten complete conditioning sessions.
Parameters of sexual behavior were recorded during each trial. Differences in percentages of
animals that displayed mounts and intromissions, or ejaculations were analyzed for each trial
using Chi-Square analysis with a 5% significance level. Since no differences were detected
between Sham-Saline and Lesion-Saline groups in any parameter, these two groups were
combined for statistical analysis (n=9) and were compared with either the Lesion-LiCl or the
Sham-LiCl group.
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Conditioned Place Preference—Sexually naïve animals underwent lesion surgery as
described above and were allowed to recover for one week prior to behavioral testing. All
behavioral testing started 4 hours after onset of the dark period. The conditioned place
preference apparatus was partitioned into three chambers with a neutral center chamber. One
side of the chamber had white walls and a grid flooring, while the other side was black with
stainless steel rods as flooring, the center chamber was grey with Plexiglas flooring (Med
Associates, St. Albans, VT). First, a pre-test was performed to establish a natural preference
for each individual before the conditioning began, all animals were placed into the center
chamber with free access to all chambers for fifteen minutes and the total time spent in each
chamber was recorded. On the next day, i.e. conditioning day 1, males mated to one
ejaculation in their home cage upon which they were immediately placed into the initially
non-preferred chamber for thirty minutes without access to the other chambers or were
placed into their initially preferred chamber for thirty minutes without prior sexual behavior.
On the second conditioning day, males received the opposite treatment. This conditioning
paradigm was repeated once more. On the next day, a post-test was conducted that was
procedurally identical to the pre-test. Two separate values were used to determine if mPFC
lesioned animals formed a conditioned place preference to sex. The first score was the
difference score, defined as the difference between the time spent in the initially preferred
chamber and the time spent in the initially non-preferred chamber. The preference score was
defined as the time spent in the initially non-preferred chamber divided by the time spent in
the initially non-preferred chamber plus the time spent in the initially preferred chamber.
The preference and difference scores were compared for each animal between pre-test and
post test using paired student t-tests with 5% significance levels. Previous studies have
demonstrated that mating results in robust conditioned place preference using this paradigm,
and that control treatments do not result in changes in preference (27–29).

Conditioned Place Aversion—Sexually naïve animals underwent lesion or sham
surgery as described above and were allowed to recover for one week prior to behavioral
testing. All behavioral testing started 4 hours after onset of the light period. Using the CPP
apparatus described above, LiCl or saline injections were paired with the initially preferred
or non-preferred chamber respectively during two conditioning trials in a counter balanced
manner. Pre- and post tests were conducted and data analyzed as described above using
paired student t-tests with 5% significance levels.

Lesion Verification—For lesion verification animals were perfused transcardially with
4% paraformaldehyde and brains were sectioned (coronally). Sections were and
immunoprocessed for neuronal marker NeuN using a primary antiserum in incubation
solution recognizing NeuN (monoclonal anti-NeuN antiserum; 1:10,000; Chemicon) and
standard immunoperoxidase methods (19). The location and size of the ibotenic lesions was
determined by analyzing the area in adjacent mPFC sections devoid of NeuN neuron
staining. Lesions of the mPFC typically spanned a distance from AP +4.85 to +1.70 relative
to bregma (Figure 1A–C). Lesions were considered complete if 100% of the IL and 80 % of
the PL was destroyed, and only animals with complete lesions were included in statistical
analyses (Sex behavior experiment, lesion n=11, sham n=12; EPM experiment, lesion n=5,
sham n=4; conditioned sex aversion experiment, sham-saline n=4, sham-LiCl n=9, lesion-
saline n=5, lesion-LiCl n=12; conditioned place preference experiment, lesion n=5;
conditioned place aversion experiment, sham n=12, lesion n=9).
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RESULTS
Sexual Behavior

PL/IL lesions did not affect any sexual parameter tested in males that were sexually naïve
prior to surgery (Figure 1D–F). In agreement, no effects of PL/IL lesions on sexual behavior
were detected in the sexually experienced males included in the conditioned sex aversion
experiment, during the first trial, hence prior to pairing of LiCl with sexual behavior (Table
1). Hence, PL/IL lesions did not affect sexual behavior independent of sexual experience.

Elevated Plus Maze
In agreement with prior reports (27–29), male rats with mPFC lesions males displayed more
entries into the open arms of the EPM compared to controls (Figure 1G), suggesting that
mPFC function is critical for situations that require risk assessment.

Conditioned sex aversion
Effects of LiCl conditioning on sexual behavior—LiCl conditioning resulted in a
significant reduction of the percentages of sham males that displayed mounts, intromissions,
or ejaculation compared to sham saline controls (Figure 2A–B). However, mPFC lesions
completely blocked the inhibition caused by LiCl conditioning. Chi-square analysis revealed
significant differences between groups detected in the percentages of animals that displayed
mounts (Figure 2A), intromissions (not shown; data identical to Figure 2A), or ejaculations
(Figure 2B). Specifically, percentages of males that displayed mounts, intromissions, or
ejaculation were significantly lower in the Sham-LiCl group compared to Saline-treated
control animals (Sham and Lesion), indicating a disruptive effect of LiCl conditioning on
copulation in Sham animals. In contrast, no effect of LiCl conditioning was observed in
Lesion-LiCl males (Figures 2A–B). Thus, mPFC function is critical for the acquisition of
conditioned inhibition of sexual behavior. However, it is possible that PL/IL lesions
attenuate associative learning associated with sexual reward, thus in a separate study effects
of PL/IL lesions on acquisition of a conditioned place preference for sexual reward was
tested.

Conditioned Place Preference and Aversion—Rats with mPFC lesions displayed
normal associative learning of contextual cues paired with sexual reward, as indicated by an
increased difference score and preference score during the post-test (Figure 3A–B).
Moreover, lesions did not affect associative learning of contextual cues with LiCl-induced
malaise, indicated by significant decreases in difference and preference scores during the
post test (Figure 3C–D).

DISCUSSION
In this study, we report that lesions of the IL and PL regions of the mPFC do not affect the
expression of sexual behavior, nor the acquisition of a conditioned place preference to
sexual reward. Instead, lesions prevent the acquisition of conditioned sex-aversion. These
results provide functional evidence for the hypothesis that the ability to make adaptive
behavioral alterations is regulated by the IL and PL subregions of the mPFC.

Previous data from our laboratory indicated that mPFC neurons are activated during sexual
behavior in male rats (20). However, the mPFC lesioned rats in this study are
indistinguishable from sham control rats in any of the analyzed parameters of sexual
behavior. In agreement with prior reports (30,32) mPFC lesions did produce anxiolytic
effects as assessed by performance on the elevated plus maze, indicating that our lesioning
protocol was effective. Therefore, the current results suggest activation of the IL and PL
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subdivisions within the mPFC during sexual behavior is not necessary for normal expression
of sexual behavior. In contrast, a previous study by Agmo and coworkers demonstrated that
lesions of the anterior cingulate area (ACA) increased mount and intromission latencies and
reduced the percentage of males that copulated (25). Therefore, it is possible that the ACA
plays a role in the performance of sexual behavior, while IL and PL regions mediate
inhibition of behavior once associated with aversive outcomes.

Although mPFC lesions have been reported to disrupt various forms of memory
consolidation (33,34), the effects of mPFC lesions on behavioral inhibition reported here
cannot be ascribed to learning deficits. In a separate set of experiments mPFC lesioned
males were tested for the ability to establish a conditioned place preference to sex behavior.
Reward-related associative learning remained intact in mPFC lesioned animals as these
males were able to form a conditioned place preference to a sexual reward paired chamber.
This finding is in agreement with previous studies examining the role of the PL or complete
mPFC for the acquisition of psychostimulant induced CPP (35,36), Moreover, associative
learning for the aversive stimulus LiCl was not affected by mPFC lesions, consistent with
previous reports that PFC lesions did not prevent the acquisition of conditioned taste
aversion (34). Collectively these data suggest that the previously observed activation of the
PL/IL subdivisions within the mPFC (20) are not necessary for the acquisition of reward
related associative learning, however are necessary for the proper utilization of this
information as it relates to the execution of behavioral control. This notion is in agreement
with the current contention that intact IL function is necessary to survey and act upon
inhibitory and excitatory inputs which convey information about the reward-aversion
contingencies (37). Furthermore, animals with PL (35) or IL (8,37,38) lesions display
normal extinction learning despite an inability to utilize this information to make goal
directed decisions.

In conclusion, the current study indicates that animals with mPFC lesions are likely capable
of forming the associations with aversive outcomes of their behavior, but lack the ability to
suppress seeking of sexual reward in the face of aversive consequences. In humans sexual
arousal is a complex experience whereby the processing of cognitive-emotional information
serves to determine if the hedonic properties of a particular stimulus are sufficient to act as a
sexual incentive (39). The current data suggest that mPFC dysfunction may contribute to
sexual risk taking or to compulsive seeking of sexual behavior. Moreover, mPFC
dysfunction has been associated with several psychiatric disorders (13,40) suggesting that
dysfunction of the mPFC may be an underlying pathology that is shared with the other
disorders and that compulsive sexual behavior may be associated with other disorders.
Indeed, in humans, hypersexuality or compulsive sexual behavior has been reported to have
a high prevalence of comorbidity with psychiatric conditions (including substance abuse,
anxiety, and mood disorders) (41), and approximately10% prevalence in Parkinson’s
Disease together with compulsive buying, gambling, and eating (42–44).
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Figure 1.
A) Schematic drawing of coronal section through the mPFC illustrating the general location
of all lesions (45). B–C) Images of coronal section stained for NeuN of representative sham
(B) and lesion (C) animal. Arrows indicate the location of the lesion, while no damage was
detected in sham animals. Scale bar indicates 600μm. IL/PL lesions did not affect latencies
to mount (D), intromission (E), or ejaculation (F) in sexually naïve rats during the first
mating test (test 1; p values ranged 0.27–0.81) or after sexual experience was gained (test 4;
p values ranged 0.32–0.97). G) Total number of entries in open arms, closed arms, and
middle portion of the elevated plus maze in sham or PL/IL lesioned male rats. * indicates
significant difference between sham and lesion group (p=0.011). Abbreviations: ACAd:
Anterior cingulated area, dorsal part, aco: anterior commissure, cc: corpus callosum, IL:
infralimbic area, NAc: nucleus accumbens, PL: prelimbic area.
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Figure 2.
A) Percentage of animals that displayed mounts or B) ejaculated during the copulation
contingent aversion procedure expressed across all 10 trials in sham or PL/IL lesioned male
rats. * indicates significant difference (p<0.05) between sham LiCl group and the saline-
treated control groups. In A, trial 6: p=0.024; 8: p=0.024; and 10: p=<0.0001. In B, trial 4:
p=0.024; 6: p=0.024, and 10: p<0.0001 relative to saline-treated animals. Although
differences between groups in percentages of animals that displayed mounts or ejaculations
during trials 7 (A), 8 (B), and 9 (B) failed to reach significance, trends towards significance
were observed (p<0.092);
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Figure 3.
C) Preference score calculated as percentage of total time spent in the paired chamber during
pretest and posttest in PL/IL lesioned rats. * = p=0.01 compared to pretest. D) Difference
score calculated as time (seconds) in paired chamber minus time in unpaired chamber during
pretest and posttest in mPFC lesioned rats. * = p=0.007 compared to pretest. E) Preference
scores in sham and mPFC lesioned rats. * = p=0.006 and 0.002 resp compared to pretest. F)
Difference score (seconds) in sham and mPFC lesioned rats. * = p=0.001 and 0.007 resp
compared to pretest.
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Table 1

Latencies (in seconds) to mount (M), intromission (IM), and ejaculation (Ej) in sham (n=13) and PL/IL lesion
males (n=16) during the first mating trial of the conditioned aversion paradigm. PL/IL lesions did not affect
any parameter of sexual behavior (p-values ranged 0.51–0.93).

M Latencies IM Latencies Ej Latencies

Sham 24.2 ± 8.3 47.1 ± 14.9 476.3 ± 54.2

PL/IL Lesion 24.8 ± 10.5 41.9 ± 10.0 467.7 ± 77.7
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