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Postrhinal (POR) or perirhinal (PER) cortex damage impairs acquisition and expression of contextual
fear, but the nature of the impairment remains unclear. This study used a contextual fear discrimination
paradigm that biased subjects toward using a configural, rather than an elemental, strategy to distinguish
between 2 contexts, 1 of which was paired with a mild footshock. Control rats discriminated between 2
contexts when a combination of several cues could be used (Experiment 1), but not when individual
sensory cues were manipulated (Experiment 2). Rats with POR or PER lesions could not discriminate
between the shock and no-shock contexts when multiple cues differentiated the contexts (Experiment 3).
The results indicate that both the POR and PER have a role in configural learning of contextual fear.

Recent studies of medial temporal lobe structures in learning
and memory have increasingly focused on the function of cortical
regions surrounding the rhinal sulcus (e.g., Bucci, Phillips, &
Burwell, 2000; Bussey et al., 2000; Bussey, Muir, & Aggleton,
1999; Myhrer, 2000; Sacchetti, Lorenzini, Baldi, Tassoni, &
Bucherelli, 1999). In the rat, these regions include the postrhinal
(POR) and perirhinal (PER) cortices, which provide the primary
source of cortical input to the hippocampus (Burwell, 2001; Bur-
well & Amaral, 1998b; Burwell, Witter, & Amaral, 1995; Kosel,
Van Hoesen, & Rosene, 1983; Naber, Caballero-Bleda, Jorritsma-
Byham, & Witter, 1997; Shi & Cassell, 1997). Distinct patterns of
cortical sensory afferentation distinguish the POR and PER pro-
cessing streams (Burwell & Amaral, 1998a). The POR receives
projections primarily from visuospatial regions, such as the retro-
splenial, posterior parietal, and visual association cortex. In con-
trast, the PER receives sensory association input from all modal-
ities. These patterns of cortical input suggest that the POR and
PER make different contributions to hippocampal function and
may also subserve distinct memory functions themselves.

The connectivity of the PER suggests that this region is involved
in the mnemonic processing of individual stimuli. Indeed, the
results of behavioral studies support this notion. For example,
lesions of the PER impair performance of a delayed nonmatching-
to-sample task (Wiig & Bilkey, 1995). Furthermore, neurophysi-
ological studies indicate that neurons located in the PER differen-
tiate between novel and familiar visual stimuli (Zhu, Brown, &
Aggleton, 1995). Other studies have shown that PER lesions

impair acquisition of stimulus–stimulus associations (Murray,
Gaffan, & Mishkin, 1993).

The POR, in contrast, may be primarily involved in processing
visuospatial information and thus play an important role in spatial
or configural learning. This idea is supported by the finding that
POR neurons display greater spatial selectivity than PER neurons
(Burwell & Hafeman, 2000; Burwell, Shapiro, O’Malley, &
Eichenbaum, 1998). Likewise, increased neural activity has been
observed in POR neurons, but not PER neurons, when rats learn a
new spatial task (Vann, Brown, Erichsen, & Aggleton, 2000).
Recent behavioral studies in our lab also support a role for the
POR in configural learning. For example, POR damage either
before or after training impaired contextual learning in a condi-
tioned fear paradigm (Bucci et al., 2000). This task is thought to
involve a configural learning strategy: the combination of multi-
modal sensory cues present in the training environment into a
unified representation (Maren, Anagnostaras, & Fanselow, 1998).
Contextual fear conditioning has been used to examine the role of
the hippocampus in configural or relational memory (Maren, Aha-
ronov, & Fanselow, 1997; Maren et al., 1998; reviewed in Holland
& Bouton, 1999).

It has been shown that PER lesions made before or after training
also produce deficits in contextual fear conditioning (Bucci et al.,
2000; Corodimas & LeDoux, 1995). The sensitivity of contextual
fear conditioning to both POR and PER damage has several
interpretations. First, these findings could indicate that both re-
gions contribute to configural learning and that a dissociation
between POR and PER function based on elemental (use of an
individual cue) versus configural processing is not useful. At the
same time, the results of previous studies indicate that both con-
figural as well as elemental strategies can sometimes be used to
associate contextual cues with fear (Anagnostaras, Gale, &
Fanselow, 2001; Fanselow, 1999; Frankland, Cestari, Filipkowski,
McDonald, & Silva, 1998; Maren et al., 1997, 1998). This is
evident in studies of the effects of hippocampal damage on con-
textual fear conditioning. Neurotoxic lesions of the hippocampus
produced after training impair retention of contextual fear, whereas
pretraining lesions do not impair acquisition or retention (Maren et
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al., 1997). These data suggest that a configural strategy (involving
the hippocampus), in which an association is formed between
footshock and the configuration of contextual cues in the environ-
ment, is normally used by intact rats (Anagnostaras et al., 2001;
Maren et al., 1998). In the absence of an intact hippocampus, an
elemental strategy, presumably supported by structures outside the
hippocampus, can be used to associate an individual cue (or cues)
in the environment with footshock (Maren et al., 1997, 1998). If
contextual fear conditioning involves components of both elemen-
tal and configural learning, it is not surprising that both POR and
PER damage would produce impairments.

In the present study, these possibilities were explored by exam-
ining the effect of POR or PER damage on performance of a
contextual discrimination task. In this variant of the fear condi-
tioning paradigm, rats are biased toward using a configural, rather
than an elemental, strategy in discriminating between two training
contexts, one of which is paired with footshock. A similar task was
used previously to support a role for the hippocampus in configural
learning of contextual fear (Frankland et al., 1998). In that study,
damage to the hippocampus occurring either before or after train-
ing impaired the ability to discriminate between training contexts.
In contrast, only posttraining hippocampal damage resulted in
deficits in standard contextual fear conditioning. Thus, when a
configural strategy was required and an elemental strategy could
not be easily used to solve the task (i.e., contextual discrimination),
hippocampal damage impaired learning regardless of the timing of
the lesion.

Experiments 1 and 2 assessed the ability of normal rats to use a
combination of cues (Experiment 1) or individual stimuli (Exper-
iment 2) to distinguish between the shock and no-shock contexts.
The effects of POR or PER damage on the ability to discriminate
between the two contexts were evaluated in Experiment 3. It was
predicted that if the POR makes a greater contribution to config-
ural learning than the PER, then POR-lesioned rats may be more
impaired than PER-lesioned rats in the discrimination paradigm.
Or, an effect of both POR and PER damage in this task would
suggest that both regions contribute to configural learning.

Experiment 1

Experiment 1 was designed to examine the ability of naive
control rats to discriminate between two training environments,
one of which was paired with a mild footshock. Training took
place in two operant conditioning chambers that contained a va-
riety of overlapping cues, as well as several cues that were distinct
to the particular chamber. Discrimination between the two cham-
bers was indicated by a greater occurrence of fear behavior (freez-
ing) on exposure to the shock context compared with the no-shock
context.

Method

Subjects

Twelve male Long–Evans rats weighing approximately 375 g (Charles
River Laboratories, Boston, MA) were used as subjects. On arrival in the
vivarium, they were housed in groups of 3 for 1 week and were maintained
on a 12-hr light–dark cycle, with ad lib access to food and water. The rats
were then separated into individual stainless steel hanging cages and

handled daily (30–60 s) for 5 days before training began. For 5 min on the
final day of handling, they were acclimated to a plastic transporter used to
shuttle subjects between the vivarium and the behavioral testing chambers.

Behavioral Apparatus

Four testing chambers (30 cm long � 24 cm wide � 27 cm high; MED
Associates, St. Albans, VT) were used for all experiments. All chambers
were made of aluminum (two side panels) and Plexiglas (hinged front door,
rear wall, and ceiling) and were positioned in sound-attenuating cabinets in
a well-lit and isolated room. The floor of each chamber consisted of evenly
spaced stainless steel rods attached to a shock generator and scrambler for
the delivery of a footshock. A centrally positioned houselight located 1 cm
from the ceiling in one of the side panels served to illuminate each
chamber. A speaker located on the right panel of the chamber provided 70
dB white noise. As described below, a variety of additional sensory stimuli
could be added to the standard chambers to differentiate between the two
behavioral contexts: one in which shock was delivered, and one in which
no shock was delivered.

Contextual Cues

Two of the four conditioning chambers (Context A) contained identical
sensory cues that distinguished them from the other two chambers (Context
B). The specific cues that differed between the two contexts are described
in detail below.

Visual cues. Context A contained the cues present in the standard
MED Associates chamber. The left aluminum panel of the testing chamber
consisted of five identical evenly spaced nose poke holes measuring 2.5
cm � 2.5 cm, recessed 2 cm and located 2 cm above the grid floor. The
right aluminum panel contained a standard food cup located in a recessed
bay (5 cm � 5 cm � 2 cm) located equidistant from the edges of the panel
and 2 cm above the grid floor. In addition, three 2.5-cm circular panel
lights (not used in this experiment) were located 5 cm apart on the right
panel, separated by two vertical bars, 10 mm wide and 3 mm thick, which
ran from the ceiling to the floor of the panel.

In Context B, laminated cue cards were placed over all the walls. A
white card with a black diamond (23 cm across) was placed over the left
aluminum panel. A black card with three white circles (6 cm diameter)
arranged in a diagonal was placed over the right panel, leaving only the
houselight exposed. A plain white card covered the Plexiglas door. Resting
between the rear Plexiglas wall and the back of the cabinet was a white
cardboard panel with two, 5-cm vertically oriented maroon stripes.

Odors. In each chamber, a thin film of artificial flavoring in a 1:2
solution with water was sprayed into the bottom of the removable stainless
steel pan below the grid floor. In Context A, the odor was strawberry
scented; in Context B, anise was used.

Time of day. The time of day that rats received shocks remained
constant throughout the testing procedure (i.e., shock was always delivered
during the morning session).

Behavioral chamber. The spatial arrangement of the shock and no-
shock chambers in the testing room differed. The chambers designated as
Context A were located on one side of the room, and the chambers used for
Context B were located on an adjacent wall.

Behavioral Procedures

Rats were trained in the behavioral chambers twice a day for 4 consec-
utive days. In the morning (9 a.m.), each rat was placed in a chamber
containing a particular set of contextual cues for 6 min. Rats received three
footshocks (1.0 s, 1.0 mA; 64-s intershock interval) beginning 3 min after
being placed in the testing chamber (shock context). During the afternoon
training session (4:30 p.m.), rats were exposed to another chamber with a
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different set of cues for 6 min. No shock was delivered during the afternoon
session (no-shock context). The procedures were counterbalanced such that
some rats received shock in Chamber A and other rats received shock in
Chamber B. The same temporal pattern of context exposure and shock
delivery was maintained each day for each rat. The first day that rats were
exposed to the behavioral chambers was termed the pretraining day, as rats
had not yet experienced footshock and no discrimination was expected (see
Behavioral Observations and Data Analysis sections below). Discrimina-
tion was assessed during the subsequent 3 training days. At the end of each
session, rats were immediately returned to their home cages. Between
sessions, all surfaces of the chambers were cleaned sequentially with
distilled water, a 0.5% solution of sodium hydroxide, and a final rinse with
distilled water. The transporter was cleaned with distilled water and a 5%
solution of VersaClean after each use.

Behavioral Observations

Each training session was divided into six 64-s epochs: three before
footshock (if delivered) and one after each shock delivery, as described
previously (Bucci et al., 2000; Saddoris, Bucci, & Burwell, 1999). Con-
ditioning was assessed by measuring freezing behavior during the third
epoch, which occurred immediately before any shocks (if in the shock
condition) were delivered. Freezing (total motor immobility except for
breathing) is an associative fear response that is elicited by some aversive
stimuli with unpleasant consequences (Blanchard & Blanchard, 1969;
Fanselow, 1980). Behavioral observations were made by a single experi-
menter, who was unaware of experimental condition, every 8 s during the
64-s block, yielding eight observations for each rat per epoch. The occur-
rence of freezing behavior was expressed as a percentage of total obser-
vations. A second rater, who was also unaware of experimental condition,
independently scored a subset of the sessions to assess interrater reliability.
The results obtained by the two observers were significantly correlated
( p � .01).

Data Analysis

Statistical analyses of the behavioral data used two-tailed, distribution-
free statistics, with a significance level of .05. Nonparametric inferential
statistics were used because the limited range of discrete values generated
by the behavioral measure made it unlikely that standard assumptions of
normality and homogeneity of error variance could be met. These same
analyses have been used previously with similar data (Bucci, Holland, &
Gallagher, 1998; Holland & Gallagher, 1993). Data from the 1st day that
rats were exposed to the behavioral chambers (pretraining day) were not
included in the discrimination analyses because rats had not previously
been exposed to shock. Thus, planned analyses were conducted only on
data from each of the 3 training days. It should be noted that rats were first
exposed to the shock stimulus on the morning of the pretraining day.

Results and Discussion

The amount of freezing behavior observed in the shock context
increased as training proceeded. Conversely, freezing decreased
over time in the no-shock context (see Figure 1). A comparison
between the two contexts on Day 3 revealed a significant differ-
ence in the amount of freezing, in that rats froze more in the shock
context compared with the no-shock context, Wilcoxon’s
T(9) � 0.0, p � .01, indicating that rats were able to successfully
discriminate between the two contexts.

One interesting feature of the data is that the level of freezing
was high in both the shock and the no-shock conditions on the 1st
training day. Recall that the rats received shock in the morning of

the pretraining day as well as on each of the training days. High
levels of shock in both conditions reflect lack of discrimination
between the two contexts. This effect is addressed in the General
Discussion section.

Previous studies have used similar procedures to assess the
ability of rats to discriminate between contexts in which shock is
or is not delivered (Fanselow & Baackes, 1982; Frankland et al.,
1998). These previous studies, however, typically used highly
salient cues to differentiate between the two contexts. For exam-
ple, the training contexts differed with respect to illumination and
the size and shape of the testing chamber. In addition, the cham-
bers were located in different rooms, adding more distinct cues to
the environment. In the present experiment, the behavioral con-
texts were differentiated without changing the volume, surface
area, or shape of the context chambers. By using many overlapping
and fewer distinct cues in the two sets of chambers, the aim of this
study was to bias subjects toward using a configuration of sensory
stimuli, rather than individual cues, to discriminate between the
shock and no-shock contexts. Still, it is possible that the successful
discrimination in this experiment was accomplished on the basis of
the presence or absence of a particularly salient sensory cue that
differed between the two chambers. The series of studies described
in Experiment 2 were designed to further examine this possibility.

Experiment 2

In this set of experiments, the experimental cues available to
distinguish the two contexts in Experiment 1 were manipulated
individually. In this way, the ability to discriminate between the
two contexts on the basis of individual cues, rather than a config-
uration of multiple cues, was evaluated. Experiment 2A examined
the ability to discriminate only on the basis of the time of day that
shock was delivered. Subjects received footshock in the morning,
but not the afternoon. No other cues were placed in the chambers
to differentiate the two contexts. In Experiment 2B, the chambers
were identical except for the different scent placed in each cham-

Figure 1. Freezing behavior exhibited by normal rats in Experiment 1.
The rats were able to discriminate between the two contexts, as evidenced
by higher levels of freezing in the shock context compared with the
no-shock context.
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ber. Only the visual cues differed in Experiment 2C, and Experi-
ment 2D evaluated the ability of rats to distinguish between the
two contexts on the basis of which side of the room the chamber
was located. In Experiments 2B–2D, shock was also delivered in
the morning session.

Method

Subjects

Forty-eight male Long–Evans rats (12 � 4 experiments, Charles River
Labs) weighing approximately 375 g were used as subjects. Rats were
maintained and handled as described in Experiment 1.

Behavioral Procedures

Rats were trained in a shock context and a no-shock context as described
in Experiment 1. Only a subset of the experimentally controlled cues used
in Experiment 1, however, were manipulated in each of four experiments,
2A–2D.

Behavioral Apparatus, Observations, and Data Analysis

The apparatus, observation procedures, and data analyses were exactly
the same as described in Experiment 1.

Results and Discussion

As illustrated in Figure 2A, rats could not discriminate between
the shock and no-shock contexts when only the time of day that
shock was delivered differentiated the two contexts, Wilcoxon’s
T(7) � 11.0, p � .61. A high level of freezing behavior was
observed in both contexts, and there was a trend toward greater
freezing in the no-shock context compared with the shock context.
Similar to the results obtained in Experiment 2A, a high level of
freezing was observed in both the shock and no-shock contexts
when odor was the only cue that distinguished the two contexts
(see Figure 2B). Thus, rats were unable to discriminate on the basis
of odor alone, T(6) � 6.0, p � .34.

When only visual cues were used to differentiate between the
two chambers, rats were unable to discriminate between the shock
and no-shock contexts, T(4) � 4.5, p � .85. In both contexts, rats
displayed high levels of freezing behavior, as shown in Figure 2C.
Lastly, in Experiment 2D, no cues were purposefully manipulated
within the chambers. Besides possible uncontrolled cues, the only
difference between the two chambers involved the spatial location
of the chambers inside the behavioral testing room. As illustrated
in Figure 2D, rats again displayed a high level of freezing in both
the shock and no-shock chambers and did not discriminate be-

Figure 2. Contextual freezing observed in Experiments 2A–2D. Normal rats were unable to discriminate
between the shock and no-shock environments using any of the cues (time of day, odor, visual, or room position)
individually.
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tween the two contexts, T(6) � 5.5, p � .29. Together, these data
indicate that rats were unable to distinguish between contexts on
the basis of limited information provided by one set of sensory
cues.

Unlike Experiment 1, in which subjects exhibited high levels of
freezing in both shock and no-shock conditions on Training Day 1,
in Experiments 2A–2D, subjects generally exhibited low levels of
freezing in the shock condition and high levels in the no-shock
condition. Again, recall that subjects were shocked in the morning
session on the pretraining day as well as each training day. Taken
together, the results of Experiments 1 and 2 indicate that normal
rats responded differently to the two paradigms, even on the first
training day. That is, normal rats exhibited a different behavioral
profile of responses to discrimination between two contexts that
differed in multiple cues (Experiment 1) versus discrimination
between two contexts that differed in a single manipulated cue
(Experiment 2). This finding is further addressed in the General
Discussion section.

Experiment 3

The inability of rats to discriminate between the two contexts
using individual sensory cues indicates that a configural represen-
tation of multiple cues was likely used to successfully discriminate
between the two contexts in Experiment 1. Thus, damage to brain
regions involved in forming configural representations would be
expected to impair the ability to discriminate between the shock
and no-shock contexts. In Experiment 3, the effects of damage to
either the POR or PER on contextual fear discrimination was
examined. If the POR contributes more than the PER to configural
processing, the ability to discriminate between the two contexts
may be more affected by POR damage than PER damage. In
contrast, if both the POR and PER contribute to configural learn-
ing, then lesions to both would be expected to impair
discrimination.

Method

Subjects

Thirty-nine male Long–Evans rats (Charles River Labs) weighing ap-
proximately 400 g were used as subjects. They were handled and main-
tained as described in Experiment 1.

Surgery

Bilateral neurotoxic lesions of the POR or PER were made with ibotenic
acid (10 mg/ml; Sigma, St. Louis, MO) dissolved in 0.1 M phosphate
buffer (PB). Ibotenic acid was pressure injected into the brain through a
glass pipette (50-�m tip). For POR lesions (n � 10), the pipette was angled
at 22° from vertical, with the tip oriented rostrally. The pipette was lowered
through the skull at 2.0 mm posterior to lambda, and an injection of 0.15
�l was made 0.3 mm lateral from the lateral ridge at 6.14 mm below the
skull surface. For PER lesions (n � 10), injections of 0.025–0.050 �l were
made at each of the following stereotaxic coordinates: 2.3, 3.3, 4.3, 5.2,
6.4, and 7.1 mm posterior to bregma; 6.3, 6.4, 6.5, 6.6, 6.8, and 6.2 mm
lateral from the midline; and 7.4, 7.6, 7.7, 7.0, 6.2, and 5.2 mm below the
skull surface, respectively. All injections were made at a rate of 0.033
�l/min, and the pipette was left in place for 30 s before and 2 min after each
injection. For sham-lesioned control rats (n � 14), holes were drilled as

above for either POR or PER lesions, but no injections were made. Another
set of control rats (n � 5) did not undergo surgery. The rats were allowed
to recover for 2 weeks before beginning behavioral training.

Behavioral Apparatus, Procedures, and Observations

The apparatus, behavioral procedures and observation methods were
exactly the same as described in Experiment 1.

Histology

At the end of behavioral training, subjects were deeply anesthetized with
sodium pentobarbital (Nembutal, 100 mg/kg) and transcardially perfused
with normal saline and 4% (wt/vol) paraformaldehyde in 0.1 M PB at a rate
of 35–40 ml/min. After fixation, each brain was removed from the skull
and postfixed for 6 hr at 4 °C in the same buffered paraformaldehyde
solution. Finally, brains were cryoprotected for 24–48 hours at 4 °C in a
solution of 20% (wt/vol) glycerol in 0.1 M PB. Coronal brain sections were
cut at 40 �m on a freezing microtome. Sections were collected in two
series for POR-lesioned brains and four series for PER-lesioned brains for
subsequent processing and storage. One series was collected in a 10%
Formalin solution in preparation for cell staining. That series was subse-
quently mounted and Nissl-stained with thionin. The remaining series were
collected and stored at �20 °C in cryoprotectant tissue-collecting solution
consisting of 30% (wt/vol) ethylene glycol and 20% glycerol in 0.1 M PB.

Coronal sections at 240-�m intervals for POR lesions and 480-�m
intervals for PER lesions were used to assess the amount of tissue damage.
Camera lucida techniques were used to draw section contours, add regional
borders, and circumscribe the location of tissue damage. Tissue damage
was identified primarily by missing tissue, but obvious necrosis or marked
thinning of the cortex was also noted. For each coronal section, aerial
measurements included the total area of the target region and the area of the
target region that was damaged. Previous studies have shown that the
extent of the lesion along the rostrocaudal axis is more predictive of
efficacy of the lesion than is total area (Bucci et al., 2000). This is
consistent with the organization of intrinsic connections of the POR and
PER (Burwell & Amaral, 1998b). Thus, the proportion of sections in the
rostrocaudal plane that exhibited damage was quantified. A subject was
retained in the study if a lesion involved extensive bilateral damage to the
target region and did not include substantial bilateral damage to any region
outside the target region.

Data Analysis

Data analyses were identical to those used in Experiments 1 and 2. In
addition, a difference score was calculated each day for each rat by
subtracting the amount of freezing observed in the no-shock context from
that observed in the shock context. Difference score values for each lesion
group were also compared by means of nonparametric statistics.

Results and Discussion

Histological Results

Two rats sustained only unilateral POR damage and were thus
excluded from the study. In the remaining 8 rats, damage to the
POR was bilateral and extended throughout the rostrocaudal extent
of the POR (80 � 5% of the sections analyzed), as illustrated by
the schematic in Figure 3. The mean percentage of POR surface
area damaged was 18 � 2%. In addition, slight damage to the
adjacent temporal association cortex was noted on 53 � 12% of
the sections.
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In the PER-lesioned group, 5 rats were excluded from the study
because it was not possible to accurately assess the extent of the
lesion with the histological material available. In the 5 remaining
rats, damage to the PER was present on 54 � 7% of the sections
analyzed, as illustrated in Figure 4. The mean percentage surface
area of PER that was damaged was 19 � 6%. Minor damage to the
entorhinal cortex was also present on 20 � 8% of the sections.
Three sham-operated control rats sustained significant mechanical
damage to the neocortex and were excluded from the behavioral
analyses.

Behavioral Results

The performance of sham-operated control rats and naive con-
trol rats did not differ at any point during behavioral training,
Mann–Whitney U(11, 5) � 11.0, p � .10. Data from the two
control groups were thus combined for all subsequent analyses.

The amount of freezing exhibited by control and lesioned rats in
the shock and no-shock contexts is illustrated in Figure 5. Rats in
the control group froze more in the shock context and less in the
no-shock context as training proceeded. By Day 3, the amount of

freezing observed in the shock context was significantly greater
than that observed in the no-shock context, T(12) � 3.0, p � .01,
indicating that control rats successfully discriminated between the
two contexts as in Experiment 1.

Unlike controls, rats in the two lesioned groups displayed high
levels of freezing in both contexts. Compared with controls, rats in
both the POR- and PER-lesioned groups froze significantly more
in the no-shock context over the course of training, U(16,
8) � 23.5, p � .01, and U(16, 5) � 12.0, p � .02, respectively,
whereas the amount of freezing in the shock context did not differ
compared with that among controls, U(16, 8) � 57.5, p � .70, and
U(16, 5) � 33.5, p � .60, respectively. There was no significant
difference in the amount of freezing observed in the two contexts
in either the POR-lesioned group, Ts � 0.0, p � .30, or the
PER-lesioned group, Ts � 1.5, p � .10, at any point during
training. Thus, unlike controls, rats in the lesioned groups did not
discriminate between the two contexts. Indeed, difference scores,
generated by subtracting the amount of freezing observed in the
no-shock context from that observed in the shock context, were
significantly greater for control rats than for either POR-lesioned,

Figure 3. Schematic of the placement of the largest (gray) and smallest
(black) postrhinal cortex (POR) neurotoxic lesions. Arrows indicate cyto-
architectonic boundaries of the POR. Tev � temporal cortex; LEA �
lateral entorhinal cortex; MEA � medial entorhinal cortex; VISl � lateral
visual association cortex.

Figure 4. Schematic of the largest (gray) and smallest (black) perirhinal
cortex (PER) neurotoxic lesions. Arrows mark the upper and lower bound-
aries of the PER. Tev � temporal cortex; Pir � piriform cortex; LEA �
lateral entorhinal cortex.
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U(16, 8) � 27.0, p � .03, or PER-lesioned rats, U(16, 5) � 12.5,
p � .03.

Technical difficulties in processing tissue from 5 PER-lesioned
rats resulted in exclusion of the behavioral data from those rats,

leaving 5 subjects in the PER-lesioned group. Despite the resulting
small sample size of this group, two pieces of evidence further
support the conclusion that PER-lesioned rats were indeed im-
paired in discriminating between the two contexts. First, the per-
formance of the 5 remaining rats was quite consistent, with low
variability between rats. Second, the same behavioral results were
obtained if the 5 excluded rats were included in the analyses.

General Discussion

The goal of the present series of experiments was to further
examine the importance of the POR and PER in forming a con-
figural representation of stimuli that predict the occurrence or
absence of footshock. In the service of this aim, we developed a
contextual fear discrimination paradigm intended to bias rats to-
ward using a configural strategy to distinguish between two train-
ing environments. In the first two experiments, normal rats were
exposed to two chambers, in one of which a mild footshock was
delivered. The contextual stimuli contained in each chamber were
varied such that the contexts differed by multiple manipulated cues
(Experiment 1) or by a single manipulated cue (Experiment 2). In
the first discrimination task, only a subset of available cues were
manipulated such that some cues were present in both the shock
and no-shock contexts. It was expected that, because of the over-
lap, a configural strategy using a combination or conjunction of
cues should be less susceptible to error and thus, presumably,
result in better discrimination. Normal rats distinguished between
the two contexts only when a combination of several sensory
stimuli (including visual, olfactory, spatial, and temporal cues)
differentiated the two chambers. In contrast, rats were unable to
discriminate between the shock and no-shock environments on the
basis of any of the individual cues alone.

Although it is not possible to know for certain what strategy
normal rats use to solve a discrimination, the balance of the data
suggest that successful performance of the multiple-cue discrimi-
nation task required configural learning. Elemental theories of
learning predict that a discrimination involving several cues, as in
Experiment 1, will be acquired more quickly than discriminations
involving single cues, as in Experiment 2 (Rescorla & Wagner,
1972). However, tests of that theory in which additional cues were
added to a compound and its elements resulted in retardation of
acquisition of instrumental and classical discrimination problems
(Pearce & Redhead, 1993; Rescorla, 1972). Thus, the results of
those earlier studies failed to confirm the predictions of elemental
theories of conditioning. Within that framework, our finding that
manipulation of multiple cues produced discrimination in a few
days and that manipulation of single cues failed to elicit discrim-
ination in the same time frame suggests that processing of indi-
vidual or elemental cues cannot explain the present results, thus
leaving open the possibility that a different strategy (e.g., config-
ural learning) supported acquisition of the discrimination in Ex-
periments 1 and 3 (controls).

It is possible, however, that the manipulation of multiple cues
simply made the task easier by allowing subjects that used an
elemental strategy to choose between a greater number of available
predictive individual cues. In this case, the likelihood of a subject
choosing a discriminable cue would increase simply because of the
greater availability of manipulated cues. Because the four cues

Figure 5. Contextual fear discrimination after neurotoxic lesions of either
the postrhinal cortex (POR) or perirhinal cortex (PER; Experiment 3).
Control rats successfully discriminated between the shock and no-shock
contexts. Rats with lesions of the POR or PER exhibited high levels of
freezing in both contexts and did not discriminate between the shock and
no-shock environments.
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manipulated in Experiment 1 were the same as the four cues
manipulated in each condition in Experiment 2, it should be
possible to predict, on the basis of the results of Experiment 2, how
many subjects could perform the discrimination in Experiment 1.
None of the rats in Experiment 2 discriminated between the
contexts when either time (Experiment 2A) or odor (Experiment
2B) was the only cue manipulated. Two of 12 rats in Experiment
2C (visual cues) and 3 of 12 rats in Experiment 2D (chamber
location) froze more in the shock context when either the visual
cues or spatial location of the chamber differentiated the two
contexts. Thus, on the basis of the results of Experiment 2, one
would predict that an average of 1.25 out of 12 subjects, or a
maximum of 5 out of 12 subjects, would successfully discriminate
between the two contexts. Indeed, the results of Experiment 1 (9
of 12 rats successfully discriminated contexts) significantly ex-
ceeded the maximum prediction, �2(1, N � 12) � 5.82, p � .03.
Thus, it seems unlikely that performance of normal rats on the
multiple cue task can be explained by discrimination based on
simple associations.

Another approach to the question of level of difficulty is
whether it might be expected that rats would eventually learn the
discrimination in the individual cue tasks if provided with ex-
tended training. Other unpublished data from our laboratory sug-
gest that this is not the case. Subjects in the visual condition in
Experiment 2 (see Figure 2C) received an additional 7 days of
training, for a total of 10 consecutive training days, and never
learned the discrimination (data not shown). Taken together, the
data support the interpretation that normal rats in Experiment 1
performed the contextual discrimination by forming a stable con-
figural representation of the available sensory cues.

One interesting feature of the results of Experiments 1 and 2 is
that when only a single cue was manipulated, rats exhibited little
freezing in the shock context on Training Day 1, the 1st day after
pretraining. In contrast, when multiple cues were available, rats
froze in both the shock and the no-shock contexts (see Figure 1,
Training Day 1). One interpretation of this pattern of results is that,
in the multiple cue task, subjects recognized that they were in two
different contexts but that they were not yet able to associate the
appropriate context with shock. By the 3rd day of training, they
were able to discriminate between contexts. In contrast, when only
a single predictive cue was available (see Figure 2, Experiment 2),
subjects may not have been able to recognize that there were two
different contexts. In that case, some extinction may have occurred
in the afternoon no-shock condition on the pretraining day, result-
ing in less freezing in the subsequent morning session (shock
condition on Training Day 1). It is unclear why rats in the chamber
condition (Experiment 2D) did not show the same pattern of
performance in the no-shock condition, but in all four conditions,
subjects did not acquire the discrimination with 2 additional days
of training, as indicated by high freezing in both contexts at the
completion of training. It is possible that subjects associated shock
with one of the stable cues. An alternative explanation is that
subjects may have formed a configural representation of context
that did not include the manipulated cue. Thus, the fear memory
was associated with a single representation that mapped onto either
context.

It is informative to compare the results of the lesion experiment
to the results of Experiments 1 and 2. As would be expected, the

performance of the control rats in Experiment 3 resembled that of
the normal rats in Experiment 1 in that, for both groups, there was
no significant difference in freezing to the shock and no-shock
contexts on the 1st training day. In contrast, the performance of the
two lesion groups (see Figure 5, middle and lower panels) resem-
bled that of the subjects shown in Figures 2A–2B. This suggests
that both lesioned rats and subjects in the single-cue tasks did not
have a configural strategy available.

That rats with damage to the PER or POR were unable to encode
a stable configural representation is supported by other experimen-
tal lesion work. In a previous study, rats with PER or POR lesions
were unimpaired in associating a fearful stimulus with an explicit
cue, suggesting intact elemental processing functions (Bucci et al.,
2000). In contrast, in the present study, rats with PER or POR
lesions were not able to discriminate between contexts when
multiple predictive cues were available. Taken together, the evi-
dence supports an interpretation of an impairment in configural
learning.

Although the present data are consistent with the hypothesis that
PER and POR lesions produce an encoding deficit, an alternative
interpretation is that the impairment is attributable to a retrieval
deficit. In that case, lesioned subjects may have retrieved one or
more common cues and generalized fear to the no-shock context
rather than retrieving a configuration of cues that included some
predictive ones, thus permitting discrimination of the two contexts.
This interpretation is consistent with the notion taken from com-
putational approaches: that lesioned subjects are biased toward
pattern completion and are retrieving common cues, whereas con-
trol subjects are biased toward pattern separation and are retrieving
cues that differentiate the two contexts (for a review, see O’Reilly
& Rudy, 2000). In either case, it appears that the POR and PER
have a fundamental role in processing contextual information
necessary for normal contextual discrimination.

Given that the POR and PER provide an interface between the
neocortex and the hippocampus, these regions may not be involved
in configural learning per se. Rather, they may carry out basic
processing of sensory information, which is then used by the
hippocampus and/or other structures. Indeed, damage to either the
POR or PER, carried out before or after training, impairs contex-
tual memory in a standard contextual fear conditioning task (Bucci
et al., 2000). These findings contrast with the effects of hippocam-
pal damage, which reliably impairs only the expression of contex-
tual fear when the lesion is produced after training (Kim &
Fanselow, 1992; Maren et al., 1997). Recent studies indicate that
sensory information reaches the hippocampus through parallel,
redundant pathways (Burwell & Amaral, 1998b; Burwell et al.,
1995; Naber et al., 1997), and so a lesion of either the POR or PER
alone would not disconnect the hippocampus from all sensory
input. Thus, the notion that the POR and PER are merely conduits
for sensory information to the hippocampus is not consistent with
the present data. Rather, the data suggest that the POR and PER
make unique contributions to contextual learning.

On the basis of differences in sensory cortical input (the POR
receives its predominant input from visual and spatial regions), we
originally predicted that the POR would contribute to contextual
discrimination, but that the PER would not. Instead, the finding
that damage to either region disrupts contextual discrimination
suggests that both the POR and PER likely make contributions to
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configural learning. Thus, a dissociation between POR and PER
function based solely on the requirement for elemental versus
configural processing of sensory information may not be valid.
Although the present results do not provide evidence of a disso-
ciation between the individual functions of the POR and PER,
other behavioral data suggest that these regions are involved in
different types of information processing. The PER appears to be
involved in mnemonic processing of individual stimuli (Murray et
al., 1993; Wiig & Bilkey, 1995; Wiig & Burwell, 1998). At the
same time, POR function might be more appropriately described as
perceptual or attentional, rather than mnemonic. For instance,
electrophysiological data suggest that the POR may be involved in
monitoring the environment for changes in stimuli (Burwell &
Hafeman, 2000). In support of this notion, damage to the POR has
been shown to impair orienting to a visual stimulus when it is
suddenly paired with food reward (Bucci & Burwell, 2001). Sim-
ilarly, Vann et al. (2000) found that POR neurons, unlike PER
neurons, are activated when a rat must perform a radial arm maze
task in a new environment. Although further study is necessary to
establish a role for the POR in attentional or perceptual functions,
these data are nonetheless suggestive of a possible dichotomy
between the POR and PER in the processing of sensory
information.

In summary, the present study provides evidence that both POR
and PER function are necessary for the normal configural process-
ing of contextual stimuli. To date, relatively few published studies
have reported behavioral deficits resulting from POR damage. The
effect of POR lesions on contextual discrimination provides im-
portant insight into the role of this region in cognitive function.
The present findings also extend the current understanding of PER
function, suggesting that information processing in the PER may
underlie aspects of configural learning as well as memory for
individual stimuli. A role for these regions in configural learning
may be task dependent, however, as recent studies using appetitive
conditioning failed to find an effect of combined PER and POR
damage on negative patterning (Bussey et al., 2000), another task
commonly used to assess configural learning. As such, it is clear
that further studies are necessary to more accurately define the
functions of the POR and PER and establish the different processes
served by these regions.
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