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In this brief review, we address the cognitive functions of a subregion of the rat frontal cortex, the 
prelimbic cortex. Growing evidence suggests that the prelimbic cortex is involved in working memory, 
defined as the temporary storage of information required for its internal manipulation. However, sev
eral factors appear to modulate the extent to which prelimbic damage impairs performance in delayed 
tasks. These factors, which contribute to the overall difficulty of the task, are related to the attentional 
requirement of the task and to the response selection mechanisms that underlie correct performance. 
Impairments induced by prelimbic cortical damage are increased when the task requires the rat to con
sistently focus its attention on the detection of external events and when the learning rule countradicts 
either spontaneously used or previously learned strategies. This overall pattern of deficit suggests that 
the prelimbic cortex is not a pure working memory system. Rather, it subtends a wide range of pro
cesses that are required for solving difficult problems. Together with anatomical evidence, the exis
tence of functional similarities between the prelimbic cortex of the rat and the dorsolateral prefrontal 
cortex of primates suggests some homology between these regions across species. Therefore, the rat 
prelimbic cortex appears to provide a valuable model system for studying the precursors of higher 
level cognitive processes in nonhuman and human primates. 

While the role of the cortex in learning and memory 
has long been acknowledged in the rat (Lashley, 1929), 
it is only relatively recently that a regional analysis of its 
functions has been undertaken. This is especially true for 
the prefrontal cortex probably because its involvement in 
a specific learning process is hard to determine. One rea
son for this difficulty is that the frontal cortex is not a 
homogeneous area. Therefore, its damage induces mixed 
patterns of impaired and spared abilities depending on the 
exact locus of the lesion, often making difficult the inter
pretation of results drawn from different studies. I 

In the present review, we focus on a subregion of the 
rat medial prefrontal cortex, the pre limbic cortex (PL), an 
area currently thought to be homologous to the dorsolat
eral prefrontal cortex of human and nonhuman primates. 
In the primate literature, the dorsolateral prefrontal cortex 
has recently received much attention with regard to its pos
sible role in a category of high-level cognitive processes, 
usually referred to as executive functions. Such functions 
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are hypothesized to underlie human problem solving and 
refer to complex cognitive processes required to perform 
flexible and voluntary goal-directed behaviors based on 
stored information in accordance with the context (Stuss 
& Benson, 1983). Executive functions rely on a set of dis
tinctive processes, such as working memory, attentional 
capacities, and response-selection mechanisms, all of 
which are necessary for successful problem solving. 

Early research of the medial prefrontal cortex in rodents, 
which includes the prelimbic area, is consistent with at 
least some function in working memory (see Kolb, 1990, 
for review). It is not clear, however, whether its other func
tional properties can be described along the lines sug
gested by the theory of executive functions developed in 
the primate literature. Our purpose in this article is to at
tempt to bridge the rat and primate literature with regard 
to the putative cognitive functions of the PL. To do so, we 
briefly discuss evidence that human executive functions 
involve the dorsolateral prefrontal cortex (DLPFC). We 
then describe recent experimental data obtained in the rat 
so as to examine whether the rat PL is involved in working 
memory. We further ask whether, within working mem
ory, the prelimbic function is best characterized by its in
volvement in a certain type of processing (e.g., maintain
ing information across a delay or manipulating such 
information to select a response) or by its involvement in 

229 Copyright 2000 Psychonomic Society, Inc. 



230 GRANON AND POUCET 

processing certain types of information (e.g., spatial vs. 
nonspatial information). Lastly, we will briefly describe 
the results of a few experiments that have addressed the in
volvement of the pre limbic cortex in attentional functions. 

PREFRONTAL CORTEX AND 
EXECUTIVE FUNCTIONS IN HUMANS 

AND NONHUMAN PRIMATES 

As stated above, executive functions support flexible 
goal-directed behaviors based on stored information. 
Initially, relevant information must be selected from the 
environment through some multimodal sensorial filter 
(i.e., attentional mechanisms). To be internally manipu
lated, information then needs to be temporally organized 
and stored in a temporary memory buffer (i.e., working 
memory). Finally, appropriate decisions regarding the 
use of this information in this particular context must be 
made (i.e., response-selection function). Each of these 
processes seems to depend on the DLPFC, as shown by 
studies of patients with prefrontal lesions and by recent 
imaging studies as well as by behavioral and electrophys
iological data from primates (Fuster, 1997; Goldman
Rakic, 1990; Grafman, 1994; Miller, 1999). 

Although it has long been thought that working mem
ory processes within the frontal cortex are organized ac
cording to the nature of information being processed (e.g., 
with spatial information processed within the DLPFC; 
Goldman-Rakic, 1987), this view has recently been chal
lenged. Specifically, recent functional brain imaging 
studies have suggested that the subdivision ofthe human 
prefrontal cortex in dorsal and ventral regions may be re
considered according to the type of processing achieved in 
each region (D'Esposito, Aguirre, Zarahn, Ballard, Shin, 
& Lease, 1998; Owen et aI., 1999). In other words, the 
function of the different prefrontal areas may depend on 
the type of processing performed on the information more 
than on the type of information (spatial vs. nonspatial in
formation). For example, D'Esposito and collaborators 
(1998) showed that both spatial and nonspatial working 
memory tasks may result in prefrontal activation of the 
same regional area when tested in tasks that tap the same 
type of processing. In contrast, they reported that the ven
tral areas of the human prefrontal cortex are selectively 
activated when the subject only has to maintain informa
tion in working memory, whereas the dorsal areas are se
lectively recruited when the subject has to manipulate in
formation in working memory in order to achieve the task. 

Other studies have considered the role of the pre
frontal cortex in attentional mechanisms. Attention par
ticipates in cognitive functions by preparing, facilitating, 
and modulating perception and action. Attention is not a 
unitary process since it covers a wide variety of functions 
(Ojemann, Buckner, Corbetta, & Raichle, 1997), and the 
heterogeneity and complexity of the prefrontal cortex can 
provide the basis for processes under attentional control 
(Stuss, Shallice, Alexander, & Picton, 1995). Evidence for 

a role of the prefrontal cortex in attentional function is 
primarily suggested by the observation that this area is the 
major cortical target of the main neurotransmitter ascend
ing systems involved in arousal and attentional processes 
(Robbins, 1997). Furthermore, lesions of the DLPFC af
fect attentional abilities. Imaging studies show increased 
activity of this region in tasks that involve sustained or se
lective attention (Corbetta, Miezin, Dobmeyer, Shulman, 
& Petersen, 1991; Posner & Dehaene, 1994). Current the
ories view the DLPFC as a part of an attentional network, 
which would also involve the parietal and cingulate cor
tices. However, understanding the specific role ofthe pre
frontal cortex in attentional functions is far from being an 
achieved goal (see Ojemann et aI., 1997, for review). In 
particular, it is not known whether the same subregions of 
the prefrontal cortex are implicated in different attentional 
functions and, thus, in different cognitive processes. 

In spite ofthe difficulties encountered in trying to dis
entangle the involvement of the DLPFC in working mem
ory and attention in humans, recent work in monkeys 
provides the first physiological evidence that attentional 
and working memory processes are intimately related and 
that prefrontal cortex neurons can provide support for 
this relationship (Rainer, Asaad, & Miller, 1998). In
deed, these authors reported that the same prefrontal 
neurons can be shown to increase their firing both dur
ing a selective attention task and during a working mem
ory delay. It is therefore possible that the DLPFC is part 
of a neuronal network that is concurrently involved in these 
two aspects of executive functions. 

SPECIFICITY OF THE RAT 
PL IN COGNITIVE FUNCTIONS 

Although this paper focuses on functional data, we first 
provide some elements of neuroanatomy about the rat 
prefrontal cortex in general and about the pre limbic area 
in particular. This brief overview will point out that while 
some data are consistent with the existence of a homol
ogy between the primate DLPFC and the rat prelimbic 
area, other data rather suggest a homology between the 
primate DLPFC and other subareas of the rat prefrontal 
cortex (e.g., the anterior cingulate). 

The prefrontal areas are defined by their thalamocor
tical, subcortical, and cortico-cortical projections, as 
well as by their cytoarchitecture. Consistent with the ex
istence of an anatomical homology between the rat and 
the primate prefrontal cortex is the fact that the overall 
arrangement of the thalamocortical connections in the 
rat (especially with the mediodorsal nucleus, MD) par
allels the arrangement observed in the primates (Kolb, 
1990). On the basis of these connections, the rat pre
frontal cortex has been shown to consist of two separate 
areas, the medial and the lateral regions. The medial pre
frontal cortex (mPFC) consists of at least three different 
subareas, the anterior cingulate, the pre limbic area, and 
the infralimbic regions, respectively (Cg1, Cg3, and IL 
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in Zilles's, 1985, terminology). Some anatomical studies 
also include the medial precentral area (PrCm) as a part 
of the mPFC (Conde, Audinat, Maire-Lepoivre, & Crepel, 
1990; Preuss, 1995). These areas differ in both their pat
tern of connectivity and cytoarchitecture (Groenewegen, 
Berendse, Wolters, & Lohman, 1990; Krettek & Price, 
1977). 

In rats, the PL receives massive projections from the 
mediodorsal thalamic nuclei of the thalamus and afferent 
inputs from sensory and motor structures as well as lim
bic structures such as the amygdala (Krettek & Price, 
1977). Also, a direct connection with the hippocampus 
has been described (Jay, Glowinski, & Thierry, 1989). In 
return, the PL projects to autonomic centers, the striatum, 
pallidum, nucleus accumbens, mediodorsal nucleus of 
the thalamus, and the amygdala (Sesack, Deutsch, Roth, 
& Bunney, 1989). Although these anatomical studies of 
the mPFC suggest some homology between the rat PL 
and the DLPFC of primates, a number of details differ 
between the two species. For example, while the primate 
DLPFC receives inputs from the parvocellular compo
nent of the mediodorsal nucleus of the thalamus (lateral 
part of the MD), it is the medial segment of the MD that 
projects to the rat prelimbic area (Fuster, 1997; Uylings & 
Van Eden, 1990). In humans, no direct connection with 
the hippocampus has been described. However, in mon
keys, the area around the sulcus principalis has been re
ported to receive afferents from and send efferents to the 
hippocampus (Fuster, 1997). These differences, together 
with other considerations about connectivity, led some au
thors to suggest that similarities between the rat pre limbic 
area and the primate DLPFC do not seem to exist (Conde, 
Maire-Lepoivre, Audinat, & Crepel, 1995). For Preuss 
(1995), the granular frontal cortex, consisting of areas 
46,9, and 8, would be unique to primates. A further idea is 
that the rat anterior cingulate cortex may be the prefrontal 
subarea most homologous to the primate DLPFC (Uylings 
& Van Eden, 1990). 

Therefore, the existence of a strict anatomical homol
ogy between the rat and the primate prefrontal subareas 
is problematic. It is probably at the functional level that 
resemblances can be worked out. Because earlier lesion 
studies considered the rat mPFC as a whole, the function 
of its subregions was not addressed. Consistent with gross 
anatomical considerations, these early behavioral exper
iments suggested that the rat mPFC is involved in work
ing memory (see Kolb, 1984, for review). In fact, it is 
only recently that research has focused on the role of the 
rat medial prefrontal subareas. In the remainder of this 
paper, we focus on the pre limbic area, a mPFC subarea 
that has received the most attention. Indeed, only a few 
recent studies have started to analyze the specific role of 
the anterior cingulate area. 

Two earlier studies (Johnston, Hart, & Howell, 1974; 
Larsen & Divac, 1978) first suggested that the rat mPFC 
is functionally heterogeneous. In both studies, the authors 
used rat equivalents of typical "prefrontal tasks" used in 
primates (i.e., tasks requiring working memory). Larsen 

and Divac (1978) showed that only "pregenuallesions"
that is, lesions of the structure anterior to the genu ofthe 
corpus callosum---disrupt delayed response performance 
in well-trained rats. The lesion involved the PL and a small 
anterior part of the anterior cingulate Cg 1. 

Johnston et al. (1974) showed that bilaterallesions of 
the medial part of the frontal cortex, but not those of its 
lateral parts, produce severe impairments in a go/no-go 
task, suggesting an altered capacity ofthe rat to organize 
temporal events in a coherent manner. Such deficits can 
be seen as resulting from a general working memory im
pairment since such memory requires both maintaining 
information during a brief delay and temporally organizing 
events within this memory buffer (Pribram, Ahumada, 
Hartog, & Ross, 1964). They closely resemble those de
scribed in humans (Milner, 1971) and nonhuman primates 
(Fuster, 1997) following dorsolateral frontal lesions. These 
two studies thus unambiguously show the functional het
erogeneity of the rat frontal cortex. Moreover, they sug
gest some level of homology between the rat mPFC and 
the primate's DLPFC. 

Recent literature fully supports the idea that the pre
frontal cortex subregions differentially contribute to cog
nitive functions (Bussey, Muir, Everitt, & Robbins, 1997; 
Ragozzino, Adams, & Kesner, 1998; Ragozzino, Wilcox, 
Raso, & Kesner, 1999; Seamans, Floresco, & Phillips, 
1995). While damage to the rat mPFC produces working 
memory impairments in T-maze alternation (Thomas & 
Brito, 1980), spatial delayed matching to sample in a 
modified version of the water maze task (Kolb, Buhrmann, 
McDonald, & Sutherland, 1994), and delayed matching 
to position (Dunnett, 1990), lesions restricted to the PL 
are sufficient to produce similar behavioral effects (Brito 
& Brito, 1990; Granon & Poucet, 1995; Granon, Vidal, 
Thinus-Blanc, Changeux, & Poucet, 1994; Li & Shao, 
1998; Tzschenk & Schmidt, 1998). In contrast, lesions 
that spare the PL produce much less dramatic impair
ments (Fritts, Asbury, Horton, & Isaac, 1998) or no im
pairment at all in a spatial delayed alternation task 
(Slinchez-Santed, de Bruin, Heinsbroek, & Verwer, 1997). 
Thus, most of the behavioral effects of large mPFC le
sions in working memory can be reproduced by lesions 
restricted to the pre limbic area of the prefrontal cortex 
(Brito, Thomas, & Davis, 1982). To summarize, in contrast 
to neuroanatomy, functional evidence indicates a spe
cific involvement of the rat prelimbic area in some cog
nitive processes that are usually associated with the pri
mate DLPFC function. 

PL AND WORKING MEMORY 

There are currently two conflicting views of working 
memory. The first view states that working memory is 
merely a temporary store and thus that any 1esion
induced impairment should be delay dependent. This is 
because increasing the delay alters the capacity of the 
temporary store to hold information over time. Another 
view, however, considers that working memory operates 
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in conditional learning tasks whenever correct responses 
are contingent on previous events (Moscovitch & Winocur, 
1995). Seen this way, working memory is more readily 
defined as "working-with-memQry" rather than as a sim
ple temporary memory store. As a consequence, this 
conception insists on the integration of stored informa
tion and response selection mechanisms, implying that 
such processes should not be affected by time. According 
to this view, working-with-memory deficits should not 
be delay dependent. With regard to this point, current ev
idence is controversial (see discussion in Joel, Tarrasch, 
Feldon, & Weiner, 1997). Prefrontal damage has been re
ported to produce both delay-dependent (e.g., Brito 
& Brito, 1990; Delatour & Gisquet-Verrier, 1999) and 
delay-independent (e.g., Delatour & Gisquet-Verrier, 
1996) memory deficits. Even though the issue of whether 
or not working memory implies delay-dependent effects 
is outside the scope of the present paper, we briefly dis
cuss here possible explanations of such contradictory ev
idence since they might reveal an interesting facet of the 
PL in cognitive processing. 

Delayed Tests 
In the go/no-go task, Delatour and Gisquet-Verrier 

(1996) reported no detrimental effects of increasing the 
delay in rats with PL lesions. In this study, rats with PL 
lesions were initially impaired during acquisition (see 
also Johnston et aI., 1974, which used rats with larger 
mPFC lesions), but eventually recovered with extensive 
training. No deficit was observed when the delay was in
troduced after rats had recovered in the zero-delay condi
tion. Thus, the performance of lesioned rats in go/no-go 
tasks does not seem to be affected by the delay. Similar 
lack of effect is found with lesions of the more dorso
medial part of the mPFC (Ac andPrCm, Winocur, 1991). 
These results suggest that the PL, as well as the more 
dorsal part of the mPFC, may not be always required for 
maintaining information in memory across long delays. 

Quite the contrary, PL damage has been consistently 
shown to produce delay-dependent effects in spatial de
layed alternation tasks (Brito & Brito, 1990; de Braban
der, de Bruin, & Van Eden, 1991; Delatour & Gisquet
Verrier, 1996; Van Haaren, de Bruin, Heinsbroek, & Van 
de Poll, 1985). In this task, rats have to alternate between 
the two arms of a V-maze or T-maze to find the reward. 
Contrary to the go/no-go task, this task emphasizes the 
need for spatial response selection processes, since the rat 
must (1) know the spatial rule to apply (i.e., to alternate), 
(2) store the last visited spatial location in its working 
memory, and (3) choose between two arms distinguish
able only by their spatial characteristics. It might thus be 
argued that the delay-dependent prefrontal deficit ob
served in some situations results from the spatial nature 
ofthe response to be made since the traditional go/no-go 
task does not require a spatial response. 

This hypothesis, however, meets several difficulties. 
First, it is not consistent with the results ofRagozzino et aL 
(1998), who tested the effect of prelimbic/infralimbic 

lesions on spatial working memory in a radial maze. In 
this study, rats were exposed twice to the same arm of 
the radial maze, but only the first visit to that arm was re
inforced. Visits of other arms could be inserted between 
visits to the "target" arm so that a lag of zero to six arms 
was possible between the two presentations of the same 
arm. Performance was measured by the adaptation of rats 
to run slowly on the second visit relative to the first. Re
sults showed that rats with pre limbic lesions were im
paired even though the lag between the first (reinforced) 
and second (not reinforced) exposure to the same arm was 
low. This deficit increased similarly in control and le
sioned animals when the time or the number of arms vis
ited between the first and the second exposure was in
creased. This result is not consistent with the observation 
of delay-dependent deficit in T-maze spatial alternation, 
though both tasks emphasize memory for spatial location. 
Thus the explanation that delay-dependent effects ob
served in delayed alternation tasks following PL lesions 
occur because the correct response is based on spatial in
formation is not persuasive. Discounting the spatial hy
pothesis is further supported by the observation that rats 
with PL lesion are not impaired in short-term memory of 
a spatial environment (Granon, Save, Buhot, & Poucet, 
1996; Poucet, 1989), spatial discrimination (Ragozzino, 
Detrick, & Kesner, 1999), or place navigation (de Bruin, 
Simchez-Santed, Heinsbroek, Donker, & Postmen, 1994; 
Delatour & Gisquet-Verrier, 2000; Granon & Poucet, 
1995). 

Since the procedure used by Ragozzino et aL (1998) is 
basically a go/no-go task, it is also interesting to com
pare this task with traditional go/no-go tasks ( Delatour 
& Gisquet-Verrier, 1996; Johnston et aI., 1974; Winocur, 
1991). In both types of tasks, rats have to select whether 
to run slow or fast depending on a previous response. 
Nevertheless, an additional ingredient ofRagozzino et aL's 
(1998) task is that response selection is based on the spa
tial location of the target arm. Since the radial maze is 
considerably more complex than the simple runway used 
in the go/no-go task, it is possible that the overall pattern 
of a strong and delay-independent deficit observed by 
Ragozzino et aL results from an interaction between the 
complexity of the task (borne out by the number of al
ternative response choices) and the working memory re
quirement. In other words, the fact that working memory 
impairments following PL lesions can be observed even 
at short delays in the more complex situation suggests 
that this area might be particularly involved when the task 
requires both working memory and effortful processing. 

The latter hypothesis is strongly supported by the results 
that rats with prelimbic lesion had serious and long-lasting 
difficulties in solving a spatial matching-to-sample task 
while they had at most a transitory impairment in a spa
tial non-matching-to-sample task (Granon et aI., 1994). Al
though both tasks require the same amount of information 
to process, they differ by the type of response. Specifi
cally, the matching-to-sample rule counteracts the rat's 
natural tendency to alternate, while the non-matching-
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to-sample rule reinforces this tendency. It is likely that the 
greater impairments observed in the former task result 
from the interaction between the effortful nature of the 
rule and the working memory requirement. 

The Radial Arm Maze Test 
If, as suggested by the previously reviewed evidence, 

the PL is involved in temporarily maintaining informa
tion in working memory when the task is made more dif
ficult (e.g., when selection of the correct response must 
operate on a greater number of alternatives), then pre
limbic lesions should result in large deficits in the radial 
arm maze task. As a matter of fact, in this task, rats have 
to find pieces of food located either at the end of each of 
the eight arms of the maze or in only four of them without 
visiting each arm more than once. Because the radial arm 
maze task involves both working memory and complex 
spatial response selection mechanisms, one expects that 
PL lesions will lead to profound deficits in the radial maze 
task. While some authors have found a clear perfor
mance deficit (Fritts et aI., 1998; Seamans et aI., 1995), 
others have found no impairment (Delatour & Gisquet
Verrier, 1996; Joel et aI., 1997). When an impairment is 
found, it is mainly due to a difficulty during the acquisition 
phase ofthe task and does not last more than 8 days (Fritts 
et aI., 1998). Similarly, inserting a delay between the fourth 
and fifth choices ofthe animal results initially in a work
ing memory impairment, which quickly recovers (Dela
tour & Gisquet-Verrier, 1996). While some of these in
consistencies can be explained by subtle differences in 
lesion extent and procedural details, it remains that the ob
servation of almost unaltered performance in the radial 
arm maze task poses a serious problem to the idea that 
the prelimbic function is primarily concerned with work
mgmemory. 

However, the radial maze task has some peculiarities 
that might explain why prelimbic damage often does not 
produce a gross deficit (either delay dependent or delay 
independent) relative to spatial alternation tasks. One pos
sibility might be that solving the radial arm maze task re
lies on the natural dynamic ofthe rat exploratory and for
aging activity, since the rat solves the task by exploring 
the maze freely in one single trial. Even though the radial 
arm maze task certainly involves working memory pro
cesses, the use of lower cognitive processes not depen
dent on prefrontal activity may allow animals to achieve 
the task. This hypothesis receives some support from a 
recent unit recording study of the PL in rats subjected to 
the radial maze task. This study showed that very few 
neurons exhibited continuous activity during the delay 
between the first and subsequent visits ofthe arms (Jung, 
Qin, McNaughton, & Barnes, 1998). Rather, the firing of 
prelimbic neurons correlated with specific behaviors or 
subcomponents of the task (approaching or leaving the 
goal, going to the center). This result represents a major 
difference with primate studies and does not support the 
view that, in this particular task, prefrontal neurons main
tain "on-line" information (see Fuster, 1997, for review). 

The different pieces of evidence reviewed so far allow 
us to propose the following general conclusions. First, 
the PL seems to have an intimate relationship with work
ing memory. However, this relationship is more complex 
than a general involvement in all types of working mem
ory tasks. Second, increasing the working memory delay 
does not consistently produce greater impairments in 
rats with prelimbic damage. Rather, the impairment will 
be enhanced if response selection is made more com
plex, for example, if it involves more alternative choices. 
One exception to this rule is the mostly unaltered per
formance of damaged rats in the radial arm maze task. 
However, our third conclusion might provide an expla
nation for this inconsistent result. In general, it is ob
served that the prelimbic damage-induced impairment is 
significantly increased when the task requires shifting 
from one strategy to another, whether the initial strategy 
has been learned (Granon & Poucet, 1995; Ragozzino, 
Detrick, & Kesner, 1999; Ragozzino, Wilcox, et aI., 1999) 
or is spontaneously used by the animal (Granon et aI., 
1994). With regard to this point, solving the radial arm 
maze task might rely on unlearned, spontaneous strate
gies to a greater extent than other memory tasks (such as 
delayed alternation), thus making it less sensitive to pre
frontal damage. 

In short, the prefrontal deficit induced by prelimbic 
lesions does not appear as a "pure" working memory def
icit. Rather, it results from a combination of factors re
lating to the overall difficulty of the memory task. 

PL AND ATTENTION 

As reviewed above, the rat PL seems to be involved in 
difficult working memory tasks that, presumably, require 
increased attentional capacities. While there are many 
human studies ofthe prefrontal cortex involvement in at
tention (e.g., Paus et aI., 1997), comparable experiments 
in the rat have seldom been conducted. In addition, those 
studies have generally considered the mPFC as a whole. 
For example, selective neurochemical manipulations sug
gest some involvement of the mPFC in attentional mech
anisms (Robbins et aI., 1998). In addition, lesion studies 
suggest a role for the mPFC in divided attention. When 
the task requires allocation of resources to concurrent si
multaneous information (Olton, Wenk, Church, & Meck, 
1988), rats with mPFC lesion cannot pay attention to sev
eral pieces of information at the same time in an operant 
task. Notably, such results might also reflect an impair
ment in selecting the appropriate response in relation to 
the context. 

Nevertheless, a few studies have been aimed specifi
cally at probing the attentional involvement of the PL. 
They have generally suggested a selective function in vi
sual attention, for example when the animal must prepare 
itself to gather visual information that can occur at sev
erallocations (Muir, Everitt, & Robbins, 1996). The task 
required the rat to respond to a brief stimulus (a light) 
that could randomly occur in one of the five possible po-
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sitions. Pre limbic lesions produce a strong deficit in this 
task. Interestingly, a comparable study in which rats with 
PL damage were tested with only two possible positions 
for the occurrence of the stimulus failed to report any sig
nificant impairment (Granon, Hardouin, Courtiere, & 
Poucet, 1998). This suggests that the task difficulty due 
to increased number of stimulus positions is an important 
factor for producing a prelimbic attentional deficit. Simi
larly, one might imagine that increasing the task difficulty 
by dissociating spatial positions for the stimulus and the 
response might also result in greater impairments. Lastly, 
another possibility might be to require the rat to con
stantly focus on a relevant event that can occur at any 
time. For example, in the second experiment of Granon 
et aI.'s (1998) study, prelimbic damage was shown to pro
duce long-lasting deficits when the rat was required to 
sustain its attention in order to detect a subtle change in 
light intensity. Since there was no explicit preparatory cue 
before the occurrence of such a change, the rat had to 
consistently focus on the light intensity. Since prelimbic 
lesions affect such detection, the PL is supposed to have 
a supervisory role in maintaining attention to relevant in
formation (Bussey et aI., 1997). Remarkably, rats with 
pre limbic lesions are not impaired in detecting spatial 
changes in their environment even when such changes are 
made less evident by increasing the complexity ofthe ex
plored environment, a situation that presumably requires 
intact attentional capabilities (Granon et aI., 1996). This 
result once again stresses the fact that the PL seems to be 
important for the learning of contingency rules that are 
not in the animal's natural behavioral repertoire or that 
counteract previously learned strategies, but much less so 
when behavior relies on spontaneous tendencies. 

Interestingly, the above interpretation could provide an 
alternative explanation for many discrepancies in the lit
erature. For example, while inactivations of the PL do not 
alter visual discrimination, response learning, or spatial 
learning (Joel, Weiner, & Feldon, 1997; Seamans et aI., 
1995), they produce a strong impairment when the ini
tially correct strategy has to be switched (Ragozzino, De
trick, & Kesner, 1999; Ragozzino, Wilcox, et aI., 1999). 
As an illustration, rats trained to use a spatial rule to get 
food face serious difficulties when they later have to use 
a response rule; this is also true for rats switched from 
the initial use of a response rule to a spatial rule (see also 
Dias, Robbins, & Roberts, 1996, and Milner, 1963, for 
convergent results in monkeys and humans). It is reason
able to think that switching rules is a difficult task that 
requires effortful processing and attentional capacities. 
The aforementioned deficits can therefore be expected if 
an important function ofthe PL is to maintain attention to 
relevant information, especially when previously learned 
rules have to be ignored (Bussey et aI., 1997; Granon et aI., 
1994; Li & Shao, 1998; Ragozzino, Wilcox, et aI., 1999). 
A similar reasoning could be used to explain why prelim
bic lesions after training demonstrate much less dramatic 
working memory deficits than similar lesions made be-

fore exposure to the learning situation (Granon et aI., 
1994). 

CONCLUSION 

This brief review suggests that, as in higher species, 
the PL ofthe rat is involved in an important manner in a va
riety of cognitive processes including attentional functions, 
working memory processes, and response-selection mech
anisms. Within the prefrontal cortex, the pre limbic area 
seems to occupy a central position relative to other pre
frontal subregions, but its exact function is still poorly 
understood. For example, while the PL is involved in a va
riety of working memory tasks, its role cannot be under
stood just in terms of its involvement in working memory. 
Specifically, results are inconsistent with the hypothesis 
that the PL is a simple temporary memory store since rats 
with prelimbic damage can be only marginally impaired 
in some working memory tasks and often are not sensitive 
to delay effects. In a similar vein, the PL memory function 
cannot be described by assuming that it is specific to a par
ticular type of information. For example, spatial as well 
as nonspatial working memory can be seen to be impaired 
following prelimbic damage. Lastly, the involvement of 
the PL in attentional processes also is unclear. Rats with 
pre limbic damage can be unambiguously impaired in some 
attentional tasks, though quite unaffected in other tasks 
when subtle differences are introduced in the procedure. 

Overall, the observation of a working memory impair
ment induced by damage to the PL appears to depend on 
the conjunction of several factors, which suggests that 
the PL function is complex and involves several mecha
nisms. Specifically, the PL is essential when the task de
mands are increased so that information processing is 
made more difficult, but much less so in tasks involving 
more automatic processing. This is true when increased 
difficulty relates to the perceptual aspects of the task, for 
example when detection of the relevant stimulus is made 
difficult either because of the possible number of positions 
(Granon et aI., 1998; Muir et aI., 1996) or because the 
task requires the rat to allocate continuous processing re
sources for stimulus detection (i.e., sustained attention, 
Granon et aI., 1998). This is also true when the difficulty 
of the task is linked to its motor aspects. For instance, 
greater impairments are observed when response selec
tion requires higher control. This occurs when the learning 
rule is not spontaneously used by the animal (e.g., Gra
non et aI., 1994) or when it has been changed (e.g., Rag
gozino, Wilcox, et aI., 1999). 

Thus, although working memory deficits produced by 
pre limbic damage do result from poor temporarily orga
nized memory (cf. Olton et aI., 1988), they are associated 
with an additional impairment in effortful processing re
lated to response selection. The prefrontal cortex is re
cruited when the task demands in cognitive processing 
are increased. This point merely suggests that the frontal 
cortical working memory system does not function sep-
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arately from other processing systems, such as the atten
tional processes required for acquiring complex associ
ations. In both humans and rats, the prefrontal cortex ap
pears to serve a special function that is most evident 
when the subject must adapt quickly to changing condi
tions in complex situations. Also, in both humans and rats, 
prefrontal damage results in impaired temporal structur
ing of information and mediation of prospective codes
that is, in the use of past experiences to set up expectancies 
and anticipations (Kesner, 1989; Kesner & Holbrook, 
1987; Petrides & Milner, 1982). This in tum results in a 
reduced ability to plan complex sequences of behavior as 
a result of a failure to bridge temporally specific actions 
(Fuster, 1997). 

While anatomical evidence for a homology between 
the rat prelimbic area and the primate DLPFC is far from 
convincing, functional similarities between these two 
cortical areas do exist. In both species, the prefrontal cor
tex seems to share some common function in those as
pects of cognitive processing that, in humans, are usually 
referred to as executive functions. Within the rat prefrontal 
cortex, the prelimbic area appears to playa central role 
in such processes. This is not to say, however, that other 
prefrontal areas are not involved in such functions. Pre
sumably, the prelimbic area is part of a larger network 
involving other prefrontal regions, such as the cingulate 
cortex, as well as subcortical structures (e.g., Floresco, 
Seamans, & Phillips, 1997) whose functional specificity 
has yet to be elucidated. To conclude, the prefrontal cor
tex seems to be involved in similar processes in both pri
mates and rats. Current evidence additionally suggests 
that the PL in the rat and the DLPFC in primates have a 
central role in these processes. We therefore believe that 
undermining the functions of the prefrontal cortex in the 
rat, and of the prelimbic area in particular, will greatly 
help understanding the prefrontal function in humans. 
Such an approach will be most fruitful if current meth
ods used in cognitive neuropsychology and comparative 
psychology can be combined. 
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NOTE 

1. Another historical reason has to do with the widely accepted no
tion that the prefrontal cortex is intimately linked to intellectual facul
ties in hominids. Since the idea that rats might possess at least the pre
cursors of such faculties has long been rejected, a comparitive approach 
of the neural systems involved in high-level processing was of course 
devoid of interest. 

(Manuscript received October 14, 1999; 
revision accepted for publication February 23, 2000.) 
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