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Medial Prefrontal Cortex Supports Recollection, But Not
Familiarity, in the Rat
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There is continuing controversy about the extent to which the rodent medial prefrontal cortical area (mPFC) is functionally homologous
to the dorsolateral prefrontal cortex in humans and nonhuman primates. Previous studies have compared the effects of mPFC lesions in
rats to those of dorsolateral prefrontal lesions in working memory, strategy switching, and temporal ordering. None, however, has
examined the role of the rodent mPFC in recognition memory, wherein, in humans, dorsolateral prefrontal damage results in a deficit in
source monitoring resulting in impaired recollection. In the present study, we examined recognition memory in rats with bilateral mPFC
lesions (prelimbic/infralimbic regions; ibotenic acid) using a variant of a non-match-to-sample task with manipulations of response bias
that allowed for a signal detection analysis that distinguishes recollection and familiarity contributions to recognition memory. Animals
with medial prefrontal lesions had a modest overall deficit in recognition with no general change in their tendency to elicit “old” or “new”
responses. Signal detection analyses indicated that rats with mPFC damage had a curvilinear and symmetrical receiver operating char-
acteristic (ROC) curve, compared with a curvilinear and asymmetrical ROC curve in control subjects, indicating that mPFC damage
severely reduced recollection-based performance, while sparing familiarity. The recollection failure was associated with an impaired
ability to reject new items (increased false alarm rate), whereas the identification of old items (hit rate) was normal. This pattern of
findings is similar to that observed in humans with dorsolateral prefrontal damage and is complementary to the selective deficit in hit rate
observed after hippocampal damage.
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Introduction
One of the major outstanding questions about the evolution of
the mammalian cerebral cortex is whether the functions sup-
ported by the prefrontal cortex are conserved across mammalian
species. Some have argued that cytoarchitectural features of the
human dorsolateral prefrontal (DLPFC) region are hardly devel-
oped in rodents, whereas others interpret connectional and neu-
ropsychological evidence as indicating that the rat medial pre-
frontal cortex (mPFC) is the homolog of the primate DLPFC
(Kolb, 1990; Preuss, 1995; Uylings et al., 2003; Vertes, 2006).
Resolution of the controversy can be advanced by studies that
extend to rodents the examination of key functions attributed to
the dorsolateral prefrontal area in humans.

Numerous studies indicate that the human and nonhuman
primate DLPFC supports “executive” functions including work-
ing memory (Goldman-Rakic, 1987), attentional set (Dias et al.,
1996) and inhibitory control (Shimamura, 1995), selection of
appropriate rules (Wise et al., 1996; Miller, 1999), temporal or-
dering (Milner et al., 1985; Fuster et al., 2000; Fuster, 2001), and
organization and monitoring of information (Johnson et al.,

1993; Petrides, 1996). Some of these functions have been studied
in rodents, and the results indicate that the rodent mPFC is in-
volved in working memory (Eichenbaum et al., 1983; Granon et
al., 1994), attentional control in strategy switching (Ragozzino et
al., 1999; Birrell and Brown, 2000; Rich and Shapiro, 2007), and
temporal organization of behavior (Kesner, 2000). One function
that has not been the subject of comparative studies is the role of
the rat mPFC in information processing that contributes to rec-
ollective memory. Yet, this particular function is a classic aspect
of executive function that underlies higher-order reasoning and
decision making. Recollection requires retrieval of the details and
context of specific experiences, and may be dissociated from rec-
ognition based on a sense of familiarity.

Damage to the dorsolateral prefrontal area in humans results
in recollection deficits (Janowsky et al., 1989; Gershberg and Shi-
mamura, 1995; Alexander et al., 2003) but generally preserves
item recognition (Swick and Knight, 1999). Furthermore, abnor-
mally high false alarm rates (i.e., misidentification of a new item
as if it was old) typically follow prefrontal lesions (Parkin et al.,
1996; Schacter et al., 1996; Curran et al., 1997; Swick and Knight,
1999) and are thought to reflect misattributions of familiarity to
false recollections (Kahn et al., 2004) via impaired source moni-
toring (Johnson, 1997).

Here, we examine the role of the rodent mPFC in recognition
memory using a newly developed behavioral task that allows us to
distinguish the contributions of recollection and familiarity to
recognition performance, similar to studies that have made this

Received Aug. 3, 2008; revised Oct. 22, 2008; accepted Oct. 27, 2008.
This work was supported by National Institute of Mental Health Project Grant MH52090. We thank Magdalena

Sauvage, Norbert Fortin, and Jonathan Robitsek for helpful comments.
Correspondence should be addressed to Howard Eichenbaum, Center for Memory and Brain, Boston University, 2

Cummington Street, Boston, MA 02215. E-mail: hbe@bu.edu.
DOI:10.1523/JNEUROSCI.3662-08.2008

Copyright © 2008 Society for Neuroscience 0270-6474/08/2813428-07$15.00/0

13428 • The Journal of Neuroscience, December 10, 2008 • 28(50):13428 –13434



dissociation in humans (Yonelinas, 1994). The findings indicate
that damage to the rodent mPFC results in a selective deficit in
recollection that can be attributed to elevation of the false alarm
rate, consistent with a failure of source monitoring.

Materials and Methods
Animals. Subjects were 16 male Long–Evans rats (Charles River) weigh-
ing between 225 and 250 g at the start of the experiment. All animals were
single housed and maintained on a 12 h light/dark cycle (lights on 8:00
A.M. to 8:00 P.M.). Behavioral training and testing were conducted dur-
ing the light phase. Animals were kept at �85% of their ad libitum feed-
ing body weight and had ad libitum access to water in the home cage.
Procedures were conducted according to the requirements set by the
National Institutes of Health and Boston University Institutional Animal
Care and Use Committee.

Materials and apparatus. Behavioral training and testing were per-
formed in the home cage (44 � 21 � 20 cm). The materials consisted of
transparent Nalgene cups (VWR) in three different sizes (4.0, 6.5, and 8.5
cm high) with an internal diameter of �6.5 cm. Each cup was filled with
playground sand and scented with one distinct odor. A selection of forty
different odors was used in the study. The cups were attached to a black
Plexiglas platform using Velcro (VWR) before they were lowered into the
cage. Cereal Froot Loops (Kellogg’s) were used as reinforcement.

Behavioral protocol. The study used a variant on the delayed non-
matching-to-sample task that characterized recognition performance
over a range of response criteria (Fortin et al., 2004). The animals were
required to distinguish between old and new odors using a match/non-
match procedure in which the animal had to dig in the cup if the odor was
new, and refrain from digging and go to an empty cup in the back of the
cage if the odor was old. Hits were defined as correct identification of an
old odor, and false alarms were defined as incorrectly responding to a
new odor as if it was old. Variations in response biases by manipulations
of reward payoffs and effort (Fig. 1) allowed for a dual-process signal
detection analysis (Yonelinas, 1994) to distinguish recollection and fa-
miliarity contributions to recognition memory (for model equation, see
supplemental material, available at www.jneurosci.org).

Animals were trained in successive stages. Initially, rats were trained to
dig for reward (one Froot Loop) buried in a cup filled with unscented
sand. Once the animals had learned to dig reliably to retrieve the reward,
they were introduced to an odor recognition task in which each trial
consisted of a sample and a test phase. In the sample phase, animals were
presented with a cup filled with sand and one of the 40 odors in the front
of the cage. After a 1 min delay, two cups, each with a different odor (one

old and one new), were presented consecutively
and in a pseudorandomized order. For new re-
sponses, one-quarter Froot Loop was buried in
the cup and two whole Froot Loops (bias 2)
(Fig. 1) were provided in the back of the cage for
correct “old” responses. Trials that required the
same response (“new” or “old”) did not occur
more than three times in a row during the test
phase. For new trials, responses were defined as
the animal moving the sand with the forepaw.
Once the animals reached a criterion of 80%
correct across two consecutive sessions (each
session consisted of 10 trials; 5.13 � 1.02 SD
sessions to reach criterion), each session con-
sisted of a series of five sample odors, and then a
1 min delay, and then five old and five new
odors in pseudorandom order during the test
phase. After the same performance criterion
was reached (15.25 � 5.16 SD sessions to crite-
rion), each session consisted of a set of 10 sam-
ple odors and 10 old and 10 new test odors, and
the delay was increased to 10 min (12.13 � 2.89
SD sessions to criterion). Odors were selected
such that all 40 were used equally often, and
different cups were used for odors when they
appeared in both the sample and test phases.

Finally, five distinct response biases were introduced by manipulating
height of the cup, and therefore the effort required digging for reward,
and the amount of reward obtained for correct old and new responses
(Fig. 1). Animals were habituated to the different response biases, and
receiver operating characteristic (ROC) analysis was performed on the 30
preoperative and 30 postoperative sessions (six sessions per bias level),
using a 30 min delay period between study and test.

Surgery. Anesthesia was induced by inhalation of 5% isoflurane (Web-
ster Veterinary Supply) in oxygen and was maintained at 2–2.5%
throughout surgery. Rats were placed in a stereotaxic frame (Kopf), and
an incision was made along the midline to expose the skull. Using a 1 �l
Hamilton syringe, eight rats were given four injections each of 0.2 �l/site
of 0.06 M ibotenic acid (Tocris Cookson) into the prelimbic region (PL).
Each injection of 0.2 �l/site lasted for a duration of 3 min and was made
using a microsyringe pump (World Precision Instruments). The needle
was left in situ for 4 min after injection to allow for diffusion. Lesions
were made using coordinates from the atlas of Paxinos and Watson
(1998): from bregma, anteroposterior (AP), �3.5 mm; mediolateral
(ML), �0.6 mm; dorsoventral (DV), �3.3 mm (from dura); and AP,
�2.7 mm; ML, �0.6 mm; DV, �3.6 mm. Diazepam (5 mg/ml; Webster
Veterinary Supply) was given intramuscularly immediately after surgery
to prevent convulsions. Another eight rats (controls) underwent the
same procedure as the lesion group, but saline was infused instead of
ibotenic acid. After surgery, general health was monitored until they
recovered and returned to testing, �1 week after surgery.

Histology. After completion of behavioral testing, rats were overdosed
with 0.8 ml of sodium pentobarbital (Fort Dodge Animal Health). Ani-
mals were then perfused transcardially with 0.9% saline, followed by 10%
formalin (VWR), and the brains were removed and placed in a 20%
sucrose solution until processed. Using a cryostat (Reichert-Jung;
Kramer Scientific), brains were cut into 50 �m coronal sections and
mounted onto presubbed glass slides, and stained with cresyl violet to
determine the location and extent of the lesion.

Results
Anatomical observations
Figure 2 shows the area of damage at three coordinates relative to
bregma [photomicrographs of PL/infralimbic region (IL) in a
control and lesioned animal are provided in supplemental Fig. 1,
available at www.jneurosci.org as supplemental material]. One
animal was excluded from any postsurgery analysis because of
major unilateral damage to the M2 and M1 cortices, leaving seven

Figure 1. Recognition memory task. During the sample phase, animals were presented with 10 different odors, each baited
with a Froot Loop reward. Then, after a 30 min delay, in the test phase, subjects were required to distinguish the 10 odors that were
presented during the sample stage from 10 new odors that had not been presented previously on that day. If a test odor was new,
the animal could dig in the cup to retrieve the reward. Conversely, if a test odor was old, the animal was required to withhold
digging in the test stimulus cup and instead approach an empty cup in the back of the home cage to obtain reward. The order of
old and new test odors was randomized. Response bias was manipulated by varying the height of the cup and the amount of
reward (number of Froot Loops) received for responding or withholding responses to the target cup.
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animals in the lesioned group and eight
animals as controls. Histological quantifi-
cation showed that the lesioned animals
lost, on average, all of the PL/IL cortices at
3.20 mm anterior to bregma, whereas 81%
of the total volume of the prelimbic and
infralimbic cortices was damaged at 2.20
mm from bregma. At the most anterior
coordinates (4.70 mm from bregma), the
PL remained mostly intact. Five of the le-
sioned animals also sustained some dam-
age to the Cg1 region and damage to the
Cg2 area, more posteriorly. Some damage
was also evident in the M2 sector, adjacent
to dorsal Cg1, in three animals. Finally,
one animal sustained minor damage to
MO, at the most anterior coordinates.

Performance
Using a least-square model, ROC curves
were created from the raw scores of hits
and false alarms to estimate the contribu-
tion of recollection and familiarity to rec-
ognition performance. According to the
dual-process model of recognition mem-
ory, the asymmetry of the ROC in proba-
bility space, reflected in an above zero
y-intercept, indicates the contribution of
recollection. Conversely, the degree of
curvilinearity (i.e., the “bowing” of the
ROC function) indicates the contribution
of familiarity to recognition performance
(Yonelinas, 1994). In addition, to confirm
the curvilinearity and symmetry of the
ROC functions, linear regressions were
performed on the hit and false alarm rates
transformed into z-scores: For item recog-
nition, a curvilinear ROC in probability
space generally becomes linear in z-space
(Yonelinas and Parks, 2007), and a slope of
1.0 in z-space indicates that the probability space ROCs is symmet-
rical, whereas a slope of �1.0 indicates asymmetry (Yonelinas,
1994).

Before surgery, the ROC curve was asymmetrical (slope sig-
nificantly different from 1 in z-space, t(15) � �8.5, p � 0.05; slope
average, 0.66) and curvilinear (Fquad 2,2 � 102.5; p � 0.01), indi-
cating the presence of both recollection and familiarity as con-
tributors to recognition performance. Animals were subse-
quently divided into two matched groups based on overall
recognition performance (Fig. 3A). The model’s parameter esti-
mates, calculated as the mean of each rat’s individual R and d�
estimate, were not different between groups. In addition, the hit
and false alarm rates were analyzed separately using repeated-
measures ANOVA across bias levels (1–5) as within-subjects fac-
tor, and group as the single between-subjects factor (control vs
mPFC lesion), and the results did not reveal any group differ-
ences, indicating the groups were well matched preoperatively.

Postoperatively, rats with mPFC lesions were slightly im-
paired on overall recognition performance compared with con-
trols (66% correct for controls and 60% correct for mPFC le-
sioned rats; t(13) � 2.63, p � 0.05). To test whether prefrontal
lesions caused a shift in the general tendency to elicit old versus
new responses, we measured the overall rate of responding to the

target stimulus as the combination of misses (incorrect responses
to old target odors as if they were new) and correct rejections
(correct responses to new target odors), both of which involve
responding to the target test cup. This analysis revealed no increase
in the overall tendency to respond old or new (mPFC, 36%; controls,
41%; t(13) � �1.99, NS).

In control animals, the ROC curve continued to reflect the
contribution of both recollection (R � 0.38) and familiarity (d� �
0.50) with a function that consisted of both asymmetrical (slope
significantly different from 1 in z-space, t(7) � �5.5, p � 0.05;
slope average, 0.67) and curvilinear (Fquad 2,2 � 276.9; p � 0.005)
components (Fig. 3B) (for linear trends in z-ROC space over the
range of biases tested for each group, see supplemental Fig. 2,
available at www.jneurosci.org as supplemental material). In
contrast, the ROC function in rats with mPFC lesions became
nearly symmetrical with a slope that was not significantly differ-
ent from 1 in z-space (t(6) � �2.14, NS; slope average, 0.85) and
a y-intercept value close to 0 (R � 0.03), indicating that recollec-
tion had strikingly decreased. However, the ROC function of
animals with mPFC lesions preserved the curvilinear component
(Fquad 2,2 � 80.3; p � 0.05), and the familiarity index d� remained
significantly different from 0 (d� � 0.49; t(6) � 3.83, p � 0.05),
indicating that familiarity continued to contribute to recognition

Figure 2. Medial prefrontal lesions. Shown is a reconstruction of bilateral medial prefrontal lesions at 3.20, 2.20, and 1.20 mm
anterior to bregma. Black, Lesion common to all rats; light gray, average lesion across animals; dotted line, largest lesion.

13430 • J. Neurosci., December 10, 2008 • 28(50):13428 –13434 Farovik et al. • Prefrontal Memory Function



performance (Fig. 3B). Comparison of the recollection and fa-
miliarity estimates in the two groups revealed no statistical dif-
ference between the two groups on familiarity d� estimates (t(13)

� �0.01; NS), whereas estimates of recollection in animals with

mPFC lesions were significantly lower than those for Controls
(t(13) � 3.72; p � 0.05) (Fig. 3C).

Additional analyses on the hit and false alarm rates indicated
that the recollection deficit in rats with mPFC lesions could be
attributed to a selective increase in false recognitions of new
items. Separate two-way (group by bias level) ANOVAs of hit and
false alarm rates indicated that the hit rate did not significantly
differ between groups (F(1,13) � 0.12, NS; interaction group by
bias level: F(4,52) � 0.32, NS) (Fig. 4A). In contrast, medial pre-
frontal lesions resulted in an increase in the false alarm rate com-
pared with controls (F(1,13) � 8.38, p � 0.05; interaction of group
and bias level: F(4,52) � 2.78, p � 0.05) (Fig. 4B). Animals with
mPFC lesions had significantly increased false alarms compared
with controls at bias levels 5 (t13 � �6.13; p � 0.001) and 4 (t(13)

� �2.96; p � 0.05).
An alternative model of recognition memory, called the

unequal-variance signal detection (UVSD) model, claims that
recognition is based on a single process influenced by memory
strength. In this model, d� reflects memory strength and the
asymmetry in the ROC curve results from a larger variance in the
old item distribution compared with that for new items (Vold 	
Vnew � 1). The ROC function of normal rats before surgery (Vold

� 1.53; d� � 1.44) and after surgery (Vold � 1.47; d� � 1.30) is
consistent with this model. In rats with mPFC lesions, the vari-

Figure 3. ROC function in recognition performance for control subjects and rats with medial
prefrontal damage. A, ROC for control and mPFC animals before surgery. B, Postoperatively,
control animals continued to exhibit an asymmetrical and curvilinear ROC, whereas the ROC
function of rats with mPFC damage was curvilinear but symmetrical. Note that the rightward
shifts in the scores at each bias level reflect increases in the false alarm rate at each bias. No
change in the hit rate (which would be observed as the vertical displacement between corre-
sponding scores) was evident at any bias level. C, Parameter estimates of recollection ( R) and
familiarity (d�) for controls and lesioned animals after surgery (*p � 0.05). Error bars show
SEM.

Figure 4. Hit and false alarm rates for control subjects and rats with medial prefrontal
damage. The hit rates (A) and false alarm rates (B) are shown for each response bias level (1–5).
The increase in false alarm rate was particularly large at the more conservative bias levels (bias
5, **p � 0.001; bias 4, *p � 0.05). There was no effect of the lesion on the hit rate at any bias
level. Error bars show SEM.
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ances became equal (Vold � 1.03; not significantly different from
Vnew � 1, t(6) � 0.38, NS), and consequently only a single factor
(d� � 0.63) is reflected in the signal detection process. Addition-
ally, a � 2 goodness-of-fit analysis showed that both models fit the
data very well, with � 2 values considerably below the critical
value, df(4) � 9.49 (dual-process model: � 2

control hits � 0.08,
� 2

control false alarms � 0.06; � 2
mPFC hits � 0.18, � 2

mPFC false alarms �
0.06; UVSD model: � 2

control hits � 0.05, � 2
control false alarms � 0.16;

� 2
mPFC hits � 0.11, � 2

mPFC false alarms � 0.16), suggesting that both
models can explain the obtained data. These findings also show
that, even with a narrower range of false alarm scores in mPFC
rats (Fig. 3B), their ROC functions are well fit by either model.

Discussion
This study examined the role of the rat mPFC in item recognition
memory. Overall recognition performance was only modestly
affected by mPFC damage, and the deficit was not attributable to
a change in the overall tendency to elicit old or new responses.
Signal detection analyses indicated that mPFC damage produced
an almost complete loss of the contribution of recollection,
whereas performance based on familiarity was unaffected. Fur-
thermore, the recollection deficit was attributable to an increase
in false recognitions of novel items with no effect on the ability to
identify previously experienced items. This pattern of perfor-
mance is consistent with the observation that humans with
DLPFC damage have a small impairment on standard item rec-
ognition (Stuss et al., 1994) and severe deficits in recollection
(Janowsky et al., 1989; Gershberg and Shimamura, 1995; Alex-
ander et al., 2003).

Some neuropsychological studies in patients with dorsolateral
prefrontal damage have also reported deficits in both recollection
and familiarity (Duarte et al., 2005), as well as spared recollection
and impaired familiarity (MacPherson et al., 2008). Regardless of
these differences on whether DLPFC damage disproportionately
impacts either recollection or familiarity, the literature is consis-
tent in the observation that prefrontal damage results in abnor-
mally high false alarms (Parkin et al., 1996; Schacter et al., 1996;
Curran et al., 1997; Swick and Knight, 1999; MacPherson et al.,
2008), similar to the current results. Interestingly, functional im-
aging studies have reported that different prefrontal areas are
associated with recollection and familiarity (Yonelinas et al.,
2005). One possible interpretation of these findings is that differ-
ent parts of the prefrontal cortex are involved in distinct aspects
of the recognition processing and that damage to this system can
result in a shift in either recollection or familiarity judgments
because of the same fundamental misattribution impairment
(i.e., false recognitions).

In humans, signal detection techniques have been used in the
study of recognition memory, but there is debate concerning
the nature of recollection and familiarity-based recognitions. The
dual-process model considers recollection as qualitatively inde-
pendent from familiarity (Yonelinas, 1994), whereas the alterna-
tive view (the UVSD model) claims that familiarity and recollec-
tion differ only in memory strength, in which recollection reflects
stronger memories, whereas familiarity reflects weaker memories
(Wixted, 2007). In our study, the ROC functions of both the
control and mPFC rats were well fit by both models. Nonetheless,
the recollection and familiarity components of the ROC function
of normal rats are doubly dissociable by variations in the memory
demands and by aging (Robitsek et al., 2008; Sauvage et al., 2008),
which supports a dual-process account of recognition memory in
the current paradigm.

False alarms and prefrontal function
What is the mechanism by which the abnormality in false alarm
rates underlies the recollection failure in rats with mPFC damage?
One possibility is that the increase in false alarms is secondary to
an inability to withhold prepotent responses to the test stimulus.
An increase in anticipatory responses (i.e., impulsivity) has been
shown to follow lesions of the infralimbic cortex on the five-
choice serial reaction time task (Chudasama et al., 2003; Murphy
et al., 2005). A general increase in impulsive behavior would be
manifested in an increased tendency to respond to the target
stimulus cup, which would result in a decrease in both the hit and
false alarm rates, both of which require not responding to the
target stimulus in our protocol. However, the overall tendency to
respond to the target stimulus was not significantly affected by
mPFC lesions. Moreover, perseverative tendencies have also been
reported after PL/IL damage (Eichenbaum et al., 1983; Passetti et
al., 2002, 2003; Ragozzino et al., 2003), but a possible general change
in perseveration caused by the lesion would, however, alter both hits
and false alarms, and this was not found.

Another possible account of our findings is that mPFC lesions
result in an inability to select the correct memory strategy. Studies
indicate that rats with mPFC damage are unable to appropriately
select between multiple alternative strategies (Birrell and Brown,
2000; Ragozzino et al., 2003; Rich and Shapiro, 2007) and com-
peting memories (Quirk et al., 2006). Consistent with these find-
ings, damage to the mPFC might result in a failure to appropri-
ately engage hippocampal mechanisms that identify specific
episodic memories of odors experienced in the current session.
Alternatively, our results could be explained as a failure in source
monitoring within episodic memory. In our task, odor stimuli
are selected each day from a limited pool (see Materials and
Methods). Therefore, each odor has on some occasion been an
old item; a major challenge for the rat, then, is to distinguish
the source for each odor as the current list as opposed to
previous lists. A failure to assign the appropriate memory to
current circumstances may underlie the high false alarm rate
in rats with mPFC damage. Accordingly, the mPFC may nor-
mally contribute to recognition memory by monitoring and
evaluating the source information retrieved by the hippocam-
pus, which likely includes information from multiple experi-
ences, and identify those odors that have the appropriate
source for the current test. This possibility and that of a failure
in strategy selection suggested above are not mutually exclu-
sive, such that the prefrontal cortex may normally both engage
the episodic memory system and then monitor the source of
the resulting memories recovered by that system.

The role in recollection observed adds to the rat mPFC
functions that are also commonly attributed to the DLPFC in
primates. As noted by others (Brown and Bowman, 2002), the
emphasis need not be placed on the relative anatomical resem-
blance of the prefrontal cortex across species, because the rat
prefrontal region would fall short of exhibiting a correspond-
ing biological complexity. Instead, attention should be given
to the functional similarities that are becoming evident be-
tween species. There have been a growing number of behav-
ioral studies that address the functions of the rat prefrontal
cortex (for review, see Granon and Poucet, 2000), and results
show remarkable functional similarities between species. The
findings presented herein increase this correspondence, indi-
cating that the rat mPFC and human DLPFC play comparable
roles in recognition memory.
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Comparison of hippocampal and prefrontal contributions to
recognition memory
Because of the range of nonmemory deficits (e.g., impulsiveness,
perseveration, strategy switching) observed after prefrontal dam-
age in humans, investigators tend to overlook the importance of
considering how this structure complements and functionally
interacts with the medial temporal lobe in support of memory
(Buckner et al., 1999; Simons and Spiers, 2003). Studies have
shown that the prefrontal cortex is involved in various aspects of
memory encoding (Owen et al., 1996; Wagner et al., 1998) and
retrieval (Shallice et al., 1994; Nyberg et al., 1996), suggesting that
attention to the prefrontal cortex and its interactions with medial
temporal lobe structures is necessary if we are to develop a complete
understanding of the neural representations of recognition memory.

On an anatomical level, studies describe extensive bidirec-
tional connections between the hippocampal region and the
mPFC in the rat. The mPFC sends information to the medial
temporal area via the midline thalamus (Vertes, 2002, 2006) and
via projections to the entorhinal cortex (Deacon et al., 1983; Bur-
well and Amaral, 1998). Hippocampal efferents to the mPFC
arise from the CA1 region and the subiculum and terminate in
both infralimbic and prelimbic cortices (Jay et al., 1989; Jay and
Witter, 1991). These bidirectional connections can support con-
siderable interaction between the mPFC and hippocampus.
However, the precise functional interaction between these re-
gions in memory processes remains to be determined.

Insights about the nature of these interactions can be obtained
by comparing the present results with those from previous stud-
ies in our laboratory that have examined the ROC functions of
animals with hippocampal damage performing the same mem-
ory task (Fortin et al., 2004). In our previous study, damage to the
hippocampus resulted in an ROC function that was curvilinear
and symmetrical. In the present study, rats with mPFC damage
exhibited the same abnormality in the ROC function, indicating
that both structures play a critical and selective role in the recol-
lection component of recognition. Additionally, in animals with
hippocampal damage, the recollection deficit was accompanied
by a decrease in the hit rate with a normal false alarm rate, con-
sistent with a selective loss of memory for previously experienced
stimuli. In contrast, in the present study, animals with mPFC
lesions exhibited an error pattern opposite to that found in hip-
pocampal animals. Rats with mPFC lesions have a normal hit rate
but produce a high number of false alarms compared with con-
trols, consistent with no deficit in retrieving memories, but an
impairment in “working with memory” (Moscovitch and Win-
ocur, 2000). Thus, the role of the rat mPFC and the DLPFC in
humans are viewed as complementing that of the hippocampus,
such that the hippocampus is considered to be essential to the
retrieval of contextual and other associations of specific experi-
ences (Brown and Aggleton, 2001; Eichenbaum et al., 2007),
whereas the rat mPFC and human DLPFC are involved in mon-
itoring the retrieved information. Together, the mPFC and hip-
pocampus enable successful recollection of previous experiences.
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