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Abstract
The infralimbic division of the medial prefrontal cortex (IL) has been implicated in the consolidation
and retention of extinction memories. However, the effects of IL lesions on the retention of extinction
memory are inconsistent. In the present experiments, we examined whether rat strain influences the
effects of IL lesions on extinction. In Experiment 1, Sprague-Dawley (SD) or Long-Evans (LE) rats
received a standard auditory fear conditioning procedure, which was followed by an extinction
session; freezing served as the index of conditional fear. Our results reveal that focal IL lesions impair
the retention of extinction in SD, but not LE rats. In addition to the strain difference in sensitivity to
IL lesions, LE rats exhibited significantly higher levels of contextual fear before the outset of
extinction training than SD rats. In a second experiment we thus examined whether contextual fear
influenced the sensitivity of extinction to IL lesions in LE rats. Long-Evans rats received the same
conditioning as in Experiment 1, and then were either merely exposed to a novel context or
administered unsignaled shocks in that context, followed by extinction and test sessions. Our results
reveal that LE rats with IL lesions showed normal extinction regardless of the levels of contextual
fear manifest before extinction. Thus, we conclude that rat strain is an important variable that
influences the role of infralimbic cortex in fear extinction.
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Extinction is a form of new learning in which presentation of a conditioned stimulus (CS) in
the absence of the US reduces conditional responding to that CS (Bouton, 2002, 2004; Bouton,
Westbrook, Corcoran, & Maren, 2006; Pavlov, 1927). Considerable interest has emerged in
the neurobiological mechanisms of extinction, insofar as impairments in extinction may
contribute to a variety of anxiety disorders, including post-traumatic stress disorder (PTSD)
(Bouton, Mineka, & Barlow, 2001; Rothbaum & Davis, 2003). One brain structure that has
been implicated in the extinction of learned fear is the medial prefrontal cortex (mPFC),
specifically the infralimbic cortex (IL) (Quirk, Garcia, & Gonzalez-Lima, 2006; Quirk &
Mueller, 2008). Robust projections from IL to inhibitory interneurons located in the
intercalated nuclei (ITC) of the amygdala (McDonald, Mascagni, & Guo, 1996) make it
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perfectly positioned to regulate amygdala output after extinction learning (Likhtik, Popa,
Apergis-Schoute, Fidacaro, & Pare, 2008).

In support of this possibility, several studies indicate that IL manipulations influence the
extinction of fear. For example, intra-IL infusions of protein synthesis inhibitors (Santini, Ge,
Ren, Pena de Ortiz, & Quirk, 2004), NMDA receptor antagonists (Burgos-Robles, Vidal-
Gonzalez, Santini, & Quirk, 2007; Laurent & Westbrook, 2008), or sodium channel blockers
(Sierra-Mercado, Corcoran, Lebron-Milad, & Quirk, 2006), prior to extinction leads to poor
retrieval of extinction memory the following day without affecting acquisition of extinction
per se. Intra-IL infusions of NMDA receptor antagonists (Burgos-Robles et al., 2007; Sotres-
Bayon, Diaz-Mataix, Bush, & LeDoux, 2009) or MAPK inhibitors (Hugues, Chessel, Lena,
Marsault, & Garcia, 2006; Hugues, Deschaux, & Garcia, 2004) immediately after extinction
also leads to impaired extinction retrieval, suggesting that consolidation of extinction memory
involves post-training molecular cascades in IL. Physiological correlates of extinction have
been observed in IL (Burgos-Robles et al., 2007; Herry & Garcia, 2002; Hugues & Garcia,
2007; Milad & Quirk, 2002) and electrical stimulation of IL enhances extinction (Milad &
Quirk, 2002; Milad, Vidal-Gonzalez, & Quirk, 2004). Moreover, inhibitory interneurons in the
amygdala that receive input from the IL are involved in the expression of extinction (Likhtik
et al., 2008).

Despite mounting evidence for a role for IL in fear extinction, studies examining the effect of
IL lesions on extinction in rats have yielded inconsistent results. Although several studies have
found impaired retention of extinction with IL lesions (Lebron, Milad, & Quirk, 2004; Morgan,
Romanski, & LeDoux, 1993; Quirk, Russo, Barron, & Lebron, 2000), other studies have not
(Farinelli, Deschaux, Hugues, Thevenet, & Garcia, 2006; Garcia, Chang, & Maren, 2006;
Gewirtz, Falls, & Davis, 1997). Several factors could account for this discrepancy, such as
lesion size, the nature of the behavioral task, and the strain of rat. Studies employing focal IL
lesions have typically found impairments in extinction retrieval (Lebron et al., 2004; Quirk et
al., 2000), while larger lesions in mPFC including IL and prelimbic cortex (PrL) tend not to
affect extinction (Farinelli et al., 2006; Garcia et al., 2006; Gewirtz et al., 1997; Morgan,
Schulkin, & LeDoux, 2003). Because IL and PrL have opposite influences on the expression
of learned fear (Corcoran & Quirk, 2007; Vidal-Gonzalez, Vidal-Gonzalez, Rauch, & Quirk,
2006), larger lesions including IL and PrL may produce different results than IL lesions alone.
In addition, studies using suppression of bar pressing to index fear (Lebron et al., 2004; Quirk
et al., 2000) reveal IL lesion effects on extinction, while those using freezing or startle (Farinelli
et al., 2006; Garcia et al., 2006; Gewirtz et al., 1997; Morgan et al., 1993) tend not to indicate
an IL impairment. Moreover, the majority of studies that find effects of IL lesions on extinction
used albino rats as subjects (Lebron et al., 2004; Morgan et al., 1993; Quirk et al., 2000); we
have failed to observe an effect of IL lesions on extinction in hooded rats (Garcia et al.,
2006). Therefore, it is possible that different strains of rat may influence IL involvement in
extinction. Consistent with this, a recent study in mice revealed strain differences in fear
conditioning and extinction that interact with pharmacological manipulations of extinction
learning (Hefner et al., 2008). We therefore designed the present experiments to directly
compare the effects of focal IL lesions on the extinction of conditioned freezing to an auditory
CS in Sprague-Dawley (SD) and Long-Evans (LE) rats.

Materials and Methods
Experiment 1: Do strain differences influence the effects of IL lesions on fear extinction?

Subjects—Two strains of rats were used in this experiment: 48 male Long-Evans (LE) rats
(250-330 g; Blue Spruce) from a commercial supplier (Harlan Sprague Dawley, USA) and 48
male Sprague-Dawley (SD) rats (250-330 g) from another commercial supplier (Hilltop, USA).
They were singly-housed with 14-h light/10-h dark cycle (lights on at 7:00 am), and allowed
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food and water ad libitum. During the first five days, they were handled for 10 sec to habituate
them to the experimenter. All experiments were carried out in accordance with guidelines
approved by the University of Michigan University Committee on Use and Care of Animals.

Surgery—Rats received pre-conditioning bilateral infralimbic cortex lesions (IL; AP: +2.8
mm; ML: ±0.5 mm; DV: −5.2 mm relative to bregma) or sham surgeries for control groups
(SH-E and SH-NE; extinction and no-extinction, respectively). In both cases, rats were
anesthetized with sodium pentobarbital (Nembutal, 65 mg/kg, ip), treated with atropine (0.04
mg/kg, i.p.) and placed in a stereotaxic frame for electrolytic lesions with stainless-steel
electrodes insulated with Epoxylite except for 0.3 mm at the tip. Lesions were made with
anodal, constant direct current (0.3 mA, 5 sec), and the incision was closed with stainless-steel
wound clips. The rats were allowed to recover for 7 days.

Behavioral apparatus—Eight identical observation chambers (30 × 24 × 21 cm; MED-
Associates) were used in all experiments. The chambers were constructed of aluminum (side
walls) and Plexiglas (rear wall, ceiling, and hinged front door) and were situated in sound-
attenuating cabinets located in a brightly lit and isolated room. The floor of each chamber
consisted of 19 stainless steel rods (4 mm in diameter) spaced 1.5 cm apart (center-to-center).
Rods were wired to a shock source and solid-state grid scrambler (MED-Associates) for the
delivery of footshock US. A speaker mounted outside a grating in one wall of the chamber was
used for the delivery of acoustic CS.

Each conditioning chamber rested on a load-cell platform that was used to record chamber
displacement in response to each rat's motor activity and acquired on-line using Threshold-
Activity software (MED-Associates). The output of each chamber's load cell was set to a gain
that was optimized for detecting freezing behavior (somatomotor immobility, except that
necessitated by breathing). Load-cell amplifier output (−10 to +10 V) from each chamber was
digitized. Absolute values of the load-cell voltages were then computed and multiplied by 10
to yield a scale that ranged from 0 to 100. For each chamber, load-cell voltages were digitized
at 5 Hz, yielding one observation every 200 msec. Freezing was quantified by computing the
number of observations for each rat that had a value less than the freezing threshold (load-cell
activity = 10). We score an observation as freezing if it fell within a continuous group of at
least five observations that were all less than the freezing threshold. Thus, freezing was only
scored if the rat was immobile for at least 1 sec (Maren, 1998).

Two distinct contexts were used in Experiment 1 and 2. For the first context (context A), a 15
W houselight mounted opposite the speaker was turned on, and room lights remained on. The
chambers were cleaned with a 1% acetic acid solution. To provide a distinct odor, stainless
steel pans containing a thin layer of this solution were placed underneath the grid floors before
the rats were placed inside. Ventilation fans in each chest supplied background noise (65 dB).
Rats were transported to this context in white plastic boxes. For the second context (context
B), all room and chamber houselights were turned off. A pair of 40 W red lights provided
illumination. Additionally, the doors on the sound-attenuating cabinets were closed, the
ventilation fans were turned off, and the chambers were cleaned with 1% ammonium hydroxide
solution. Also, stainless steel pans containing a thin layer of the same solution were placed
underneath the grid floors before the rats were placed inside to provide a distinct odor. Rats
were transported to this context in black plastic boxes.

Procedure—Rats were submitted to three phases of training: fear conditioning, extinction,
and extinction retention test. In each phase, trials began 3 min after being placed in the
chambers. All phases were conducted in context A. There were 16 animals in each group for
each strain (IL, SH-E, and SH-NE; LE and SD).
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On Day 1, rats received five conditioning trials consisted of tones (30 sec, 80 dB, 4k Hz) that
coterminated with footshocks (1 mA, 0.5 sec) (variable ITI ranging from 90-150 sec, with an
average = 120 sec). On Day 2, rats received 20 tone-alone presentations for fear extinction (IL
and SH-E). For no-extinction controls (SH-NE), rats were placed in the chamber for the same
amount of time but were not exposed to the tone CS. On Day 3, all rats were exposed to another
20 CS-alone presentations for retention test.

Freezing was determined during each 30 sec tone period during conditioning, extinction, and
retention test. Baseline freezing to context was assessed during the minutes preceding the first
CS presentation.

Histology—Histological verification of lesion location was performed after behavioral
testing. Rats were intracardially perfused with 0.9% saline followed by a 10% formalin
solution. After extraction from the skull, brains were post-fixed in 10% formalin solution for
two days, at which time the solution was replaced with a 10% formalin and 30% sucrose
solution until sectioning. Sections (45 μm thick) were cut on a cryostat (−20°C), and wet
mounted on glass microscope slides with 70% ethanol. After drying, sections were stained with
0.25% thionin for visualization of lesions.

Data analysis—All behavioral data are expressed as means and standard error of the means
(SE) and analyzed by analysis of variance (ANOVA). Post hoc comparisons in the form of
Fisher's PLSD tests were performed after a significant F ration.

Experiment 2: Does contextual fear influence the role of the IL in extinction in LE rats?
Subjects—The subjects were 48 adult male Long-Evans rats (250-330 g) obtained and housed
as described in Experiment 1.

Surgery and behavioral apparatus—The surgical procedures and behavioral apparatus
were identical to those described in Experiment 1.

Procedure—All procedures were identical to those described in Experiment 1, except that
one day after conditioning (context A), rats were placed in a novel context (context B) and
were either administered five unsignaled footshocks (SHOCK; 0.5s, 1.0 mA, ITI = 4 min) or
were not shocked (NO-SHOCK). On Days 3 and 4, the rats were extinguished and tested,
respectively, in context B. There were 12 animals in each group (IL and SH; SHOCK and NO-
SHOCK). Both contexts were counterbalanced in all groups.

Histology and data analysis—Histology and data analyses were performed as described
in Experiment 1.

Results
Experiment 1: Do strain differences influence the effects of IL lesions on fear extinction?

In this experiment, we examined the influence of focal electrolytic IL lesions on the extinction
of conditioned freezing to an auditory CS in SD and LE rats. We used a conditioning and
extinction procedure that has previously been shown to be sensitive to IL lesions in SD rats
(Lebron et al., 2004; Quirk et al., 2000). As in previous studies, lesions of the IL were made
prior to fear behavioral training.

Histology—Maximum and minimum IL lesions and a representative IL lesion are shown in
Figure 1. Only rats with focal bilateral IL lesions were included in the final data analyses.
Animals were included if their lesion produced substantial IL damage in at least two of three
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coronal sections (+3.2 mm, +2.8 mm, and +2.15 mm relative to bregma). For the LE strain,
three rats in the IL group were excluded, and one rat without an LE lesion was collapsed into
the SH-E group. This yielded the following group sizes: IL (n = 13), SH-E (n = 17), and SH-
NE (n = 16). For the SD strain, two rats in the IL group were excluded and three rats died
during surgery. This yielded the following group sizes: IL (n = 14), SH-E (n = 14), and SH-
NE (n = 15).

Behavior—Freezing behavior during the tone CS across all behavioral phases is shown in
Figure 2, with SD and LE strains in the upper and lower panels, respectively. Freezing behavior
was low before the first conditioning trial (Figures 2A1 and 2B1), and then increased in
magnitude thereafter. There was a significant main effect of strain [F(1,83) = 15.1, p = 0.0002],
a significant main effect of trial block [F(2,166) = 623.9, p < 0.0001], and a significant
interaction between strain and trial block [F(2,166) = 17.5, p < 0.0001]. Planned comparison
revealed that between strains, there was a significant difference in freezing behavior only on
the last trial block [F(1,87) = 36.3, p < 0.0001], suggesting that at the end of conditioning, SD
rats spent more time freezing than LE rats.

Despite the fact that SD rats acquired higher levels of freezing at the end of conditioning, LE
rats showed significantly higher freezing to the conditioning context before the first CS trial
during extinction (Figures 2A2 and 2B2; BL periods). There was a significant main effect of
strain [F(1,83) = 18.8, p < 0.0001]. Moreover, the effects of IL lesions across different trial
blocks differed in the two strains (Figures 2A2 and 2B2; tone CS periods). There was a
significant main effect of strain [F(1, 83) = 8.7, p = 0.0042], a significant main effect of group
[F(2,83) = 23.6, p < 0.0001], a significant twoway interaction between group and trial blocks
[F(18, 747) = 5.0, p < 0.0001], and a significant three-way interaction among strain, group,
and trial blocks [F(18, 747) = 3.3, p < 0.0001]. Post hoc analyses revealed that LE rats showed
higher freezing than SD rats [p < 0.05]. Moreover, rats with IL lesions showed the highest level
of freezing and SHNE the lowest; SH-E rats exhibits intermediate level of freezing [all ps <
0.05]. Planned comparisons revealed that at the end of extinction, all groups in both strains
showed equivalent and low freezing levels [F(5,83) = 1.5, p = 0.2], demonstrating that despite
different rates of decrease in freezing levels across strains and lesions, all groups showed good
within-session extinction toward the end.

Freezing behavior during the first 12 CSs of the test session is shown in Figures 2A3 and 2B3.
Similar to the extinction session, LE rats showed significantly higher freezing to the context
than SD rats before the first test trial. There was a significant main effect of strain [F(1,83) =
10.2, p = 0.002] (Figures 2A3 and 2B3; BL periods). Moreover, the effects of IL lesions across
different trial blocks differed in the two strains (Figures 2A3 and 2B3; tone CS periods). There
was a significant main effect of strain [F(1, 83) = 7.0, p = 0.01], a significant main effect of
group [F(2,83) = 46.0, p < 0.0001], a significant two-way interaction between group and trial
blocks [F(22, 913) = 5.5, p < 0.0001], and a significant three-way interaction among strain,
group, and trial blocks [F(22, 913) = 2.8, p < 0.0001]. Planned comparisons revealed that during
the first tone CS trial, there was a significant difference in freezing behavior across all groups
[F(5,83) = 5.5, p = 0.0002]. There was a strain difference in spontaneous recovery with control
LE rats showing more spontaneous recovery than SD rats [p < 0.05], suggesting that LE rats
are more resistant to extinction than SD rats. Moreover, the effects of IL lesions also differed
between the two strains during the first tone CS trial. Planned comparisons also revealed that
for the SD strain, IL and SH-NE rats showed equivalent freezing levels [p = 0.15] that were
significantly higher than SH-E animals [both ps < 0.05]. This indicates that SD rats with IL
lesions failed to retrieve the extinction memory during the first test trial. However, for LE rats,
there was no significant difference in freezing levels among all groups [all ps > 0.05].
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The effect of IL lesions on the recall of extinction in SD rats was transient. Planned comparisons
revealed that during the second tone CS trial, there was a significant difference in freezing
behavior across all groups [F(5,83) = 11.5, p < 0.0001]. However, for both the SD and LE rats,
IL and SH-E animals showed equivalent and significantly lower freezing than their SH-NE
controls, respectively [all ps < 0.05]. For SD rats, there were no longer differences in freezing
levels among the groups by the 11th trial [all ps > 0.05], while for LE rats, IL and SH-E animals
showed equivalent and significantly lower freezing than SH-NE [both ps < 0.05] until the last
trial in test session. Thus, IL lesions only impaired the retrieval of extinction memory in SD
rats, and this impairment was most pronounced in the earliest trials of the extinction session.

Experiment 2: Does contextual fear influence the role of the IL in extinction in LE rats?
In Experiment 1, we show that focal IL lesions impair extinction retrieval in SD, but not LE
rats. Interestingly, LE rats exhibited much higher levels of contextual fear prior to the outset
of extinction training, and this may have impaired both extinction learning and IL function
(Akirav & Maroun, 2007; Correll, Rosenkranz, & Grace, 2005; Izquierdo, Wellman, &
Holmes, 2006; Maren & Chang, 2006). We therefore hypothesized that the effect of IL lesions
on extinction recall may be influenced by the degree of contextual fear at the outset of extinction
training. If so, reducing contextual fear in LE rats prior to extinction might facilitate extinction
in control rats and unmask an effect of IL lesions. To test this hypothesis, rats were exposed
to a novel context 24 hours after conditioning; half of them received unsignaled footshocks to
increase contextual fear, and the other half were merely exposed to the context to reduce any
generalized fear to the extinction context. All rats were then returned to the exposed context
for extinction and retention test.

Histology—The criteria are the same as described in Experiment 1. On the basis of the
histological results, 6 of 24 IL rats were excluded. This yielded the following group sizes: IL-
SHOCK (n = 8), IL-NOSHOCK (n=10), SH-SHOCK (n = 12), and SH-NOSHOCK (n = 12).

Behavior—Freezing behavior during the conditioning session is shown in Figure 3. Freezing
behavior was low before the first conditioning trial (Figures 3A1 and 3B1), and then increased
in magnitude thereafter. There was an equivalent increase in freezing across trials in all groups
[shock × lesion × trial, F(2,76) < 1].

Freezing behavior during the extinction session is shown in Figures 3A2 and 3B2. As intended,
rats that were shocked in the extinction context prior to extinction training exhibited
significantly higher levels of freezing than rats that were merely exposed to the context (Figures
3A2 and 3B2; BL periods). There was a significant main effect of shock [F(1,38) = 115.0, p <
0.0001]. Moreover, this difference persisted across the extinction session, with shocked rats
exhibiting higher levels of fear to the CS after extinction commenced (Figures 3A2 and 3B2;
tone CS periods). Again, there was a significant main effect of shock during the extinction
trials [F(1,38) = 20.5, p < 0.0001]. Rats with IL lesions showed equivalent fear to SH rats
throughout the session [both Fs < 1].

Freezing behavior during the first 12 tones during the retention test is shown in Figures 3A3
and 3B3. Contrary to our hypothesis, there was no evidence of greater spontaneous recovery
of fear in rats with IL lesions when contextual fear was reduced prior to extinction training.
There was a significant main effect of shock during both the BL [F(1,38) = 37.5, p < 0.0001]
and the tone CS periods [F (1,38) = 11.8, p = 0.0014]. However, there was no effect of IL lesion
in either group [all Fs < 1]. Thus, extinction recall in LE rats with IL lesions is independent of
contextual fear before extinction.
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Discussion
In the present study, we directly examined the effects of focal IL lesions on the retrieval of
extinction memory in SD and LE rats with freezing as the behavioral index of fear. Our results
reveal that IL lesions produce a transient impairment in the retrieval of extinction memory in
SD, but not LE rats (Experiment 1). The failure of LE rats with IL lesions to show an impairment
in extinction recall was not related to their higher levels of contextual fear. Reducing contextual
fear in LE rats prior to extinction did not uncover an effect of IL lesions (Experiment 2). Thus,
under identical extinction protocols, behavioral measures, and lesion procedures, only SD rats
exhibited an impairment in extinction after IL lesions. We therefore conclude that rat strain is
an important factor in determining the role of the IL in the long-term retention of extinction.

Although IL lesions in SD rats impaired extinction recall, this effect was transient. Consistent
with earlier studies (Lebron et al., 2004; Quirk et al., 2000), SD rats with IL lesions exhibited
savings and consequently acquired extinction at a faster rate than non-extinguished controls
during the test session. Despite mounting evidence that the IL is involved in long-term
extinction (Quirk & Mueller, 2008), it is well known that the IL is not the only brain structure
involved in extinction memory. The savings of extinction memory in SD rats and the normal
recall in LE rats of the extinction training after permanent IL lesions may reflect compensation
by other brain structures such as the amygdala (Bouton et al., 2006; Davis, Walker, & Myers,
2003; Quirk & Mueller, 2008). Fear extinction is impaired by antagonizing NMDA receptors
(Falls, Miserendino, & Davis, 1992) or inhibiting GABAA receptor insertion (Lin, Mao, &
Gean, 2009) in the amygdala, suggesting that local plasticity in the amygdala is critical for
extinction memory. The hippocampus may also play a role in maintaining extinction memories.
Extinction-related changes in neuronal activity in the lateral amygdala (Quirk, Repa, &
LeDoux, 1995; Repa et al., 2001) are modulated by the hippocampus (Hobin, Goosens, &
Maren, 2003; Maren & Hobin, 2007) and hippocampal inactivation impairs extinction learning
(Corcoran, Desmond, Frey, & Maren, 2005).

Although the present data indicate that SD rats are more likely to exhibit extinction impairments
after IL lesions, not all investigators have observed extinction impairments in this strain of rat
(Farinelli et al., 2006; Gewirtz et al., 1997; Morgan et al., 2003). Hence, it is likely the factors
other than strain also influence the sensitivity of extinction to IL lesions. One possibility is that
extinction impairments are related to lesion size. In the studies that did not report extinction
impairments after IL lesions in SD rats, the lesions were quite extensive and included both the
IL and PrL. There is emerging evidence that the PrL is involved in the expression of conditioned
fear (Corcoran & Quirk, 2007; Vidal-Gonzalez et al., 2006), and damage to this area might
therefore mask extinction deficits after IL lesions.

The observation of strain differences in the effect of IL lesions on extinction is not surprising
in the light of several reports of strain differences in fear-motivated behavior (Balogh &
Wehner, 2003; Brinks, de Kloet, & Oitzl, 2008; Capone, Venerosi, Puopolo, Alleva, & Cirulli,
2005; Glowa & Hansen, 1994; Hefner et al., 2008; Lopez-Aumatell et al., 2009; Neophytou
et al., 2000; Rex, Sondern, Voigt, Franck, & Fink, 1996; Waddell, Dunnett, & Falls, 2004).
There are also many reports of strain differences in the effects of a variety of pharmacological
challenges and brain lesions on defensive behaviors (Gerlai, 1998; Hefner et al., 2008; Restivo,
Passino, Middei, & Ammassari-Teule, 2002; Solecki, Turek, Kubik, & Przewlocki, 2009). On
one hand, strain differences in the involvement of the medial prefrontal cortex in extinction
might raise doubts about the use of rats to model human extinction circuits. On the other hand,
differences between strains, which are presumably due to genetic differences, provide a
powerful model for understanding individual differences in anxiety-related behavior in both
rodents and humans (Caldarone et al., 1997; Yang et al., 2008). Indeed, individual differences
in mPFC-amygdala connectivity are related to variability in trait anxiety in humans (Kim &
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Whalen, 2009) and a genetic variant common to both mice and humans influences extinction
learning (Soliman et al., 2010). Together with the present work, these studies indicate that
genetic background is a key determinant of the structure and function of neural circuits involved
in fear conditioning and extinction.
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Figure 1.
Schematic illustration of the extent of minimal (black area) and maximal (shaded area)
infralimbic (IL) cortical lesions in three coronal planes. The photomicrographs illustrate a
representative IL lesion.
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Figure 2.
Percentage of freezing (mean ± SEM) during conditioning (cond), extinction (ext), and
retention testing (test) for (A) Sprague-Dawley (SD) and (B) Long-Evans (LE) rats. Prior to
conditioning, rats received infralimbic (IL) cortical lesions or sham surgery (SH-E). A sham
control group that did not receive extinction (SH-NE) was also included. IL lesions produced
a transient impairment in extinction recall in the earliest test trial of the test session in SD, but
not LE rats.
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Figure 3.
Percentage of freezing (mean ± SEM) during conditioning (cond), extinction (ext), and
retention testing (test) in Long-Evans rats. Rats were divided into two groups for which
contextual fear was either high (SHOCK) or low (NO-SHOCK) prior to extinction training.
Prior to conditioning, rats received either infralimbic (IL) cortical lesions or sham surgery (SH-
E). IL lesions did not produce an extinction recall impairment under either condition.
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