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Rodent models of prefrontal cortical function

Verity J. Brown and Eric M. Bowman

In this article, we consider whether studies in

rats can provide useful information

regarding the debate about the functions of

the primate prefrontal cortex. At a superficial

level, comparison of regional specializations

within the prefrontal cortices of different

species suggests functional correspondence.

Unfortunately, the nature of functional

specialization in primate prefrontal cortex is

controversial, and data supporting the idea

of homology between specific areas of rat

and primate prefrontal cortex are weak.

Nevertheless, we argue here that studies of

the computational functions within the

relatively undifferentiated prefrontal cortex

of rats can shed light on processing in

primate prefrontal cortex.

If any region of the cerebral cortex is
unique to the evolution of primates, then
the dorsolateral prefrontal cortex is
likely to be it. The human dorsolateral
prefrontal cortex is involved in many
complex cognitive processes that have
been described as ‘executive’ – that is,
that they form a control system that
coordinates cognitive sub-processes. For
example, dorsolateral prefrontal cortex is
thought to be involved in working
memory and holding task-relevant
information ‘on-line’ [1,2], supervisory
attentional control [3], reasoning and
decision-making [4] and the temporal
organization of behaviour [5,6]. Despite
the fact that their intellectual

functioning seems to be spared, patients
with damage to frontal cortex can suffer
great personal and social difficulties [7].
Compromised prefrontal function is
thought to underlie the myriad of
complex cognitive deficits that
accompany disorders such as Alzheimer’s
disease [8,9], schizophrenia [10,11] and
Parkinson’s disease [12,13].

Preuss pointed out that there was an
absence of evidence, rather than evidence
of an absence, for the rat prefrontal cortex
including an area homologous to primate
dorsolateral prefrontal cortex [14]. Preuss
also noted that it was not necessary to
postulate that the rat possessed a
homologous area: there are considerable



anatomical differences between rats and
primates and, in contrast to primates,
lesions of rat frontal cortex result in
memory deficits that are neither profound
nor long-lasting. If dorsolateral prefrontal
cortex has evolved as a module to perform
psychological functions unique to
primates, then research in the rat 
would seem to have little to offer those
studying the cognitive neuroscience of the
frontal lobe.

Does the rat possess an area of prefrontal

cortex that is homologous to the primate

dorsolateral prefrontal cortex?

Historically, the prefrontal cortex has
been defined by its receipt of projections
from the mediodorsal nucleus of the
thalamus [15]. In primates, the
mediodorsal thalamic nucleus sends
projections to dorsolateral, medial and
orbital surfaces of the frontal lobe. In rats,
the mediodorsal nucleus sends projections
to the medial and orbital surfaces, but not
to dorsolateral regions. Thus, although
medial and orbital cortices of the rat fulfil
the hodological definition of prefrontal
cortex, no area of rat frontal cortex fulfils
the gross anatomical position occupied by
primate dorsolateral prefrontal cortex.
The key question of this article is whether
functions equivalent to those of the
primate dorsolateral prefrontal cortex are
distributed in the medial or orbital regions
of the frontal lobe in rats. Recent reviews
suggest that the prefrontal cortex on the
medial surface of the rat brain is
anatomically related to prefrontal cortex
on the medial surface of primate 
brain [16,17]. However, upon reviewing
behavioural and anatomical evidence,
Kolb suggested that the medial wall cortex
of the rat brain is ‘undifferentiated’
prefrontal cortex, and that this area might
subserve cognitive functions localized to
the dorsolateral prefrontal cortex in
primates [18].

Preuss dismissed the functional
similarities between rodent and primate
prefrontal cortex on the basis of only one
behavioural task (the delayed-response
task). The prefrontal cortex of primates is
involved in many other functions and
there are many similarities between the
medial prefrontal cortex of rodents and
the dorsolateral prefrontal cortex of
primates [19]. If the rat demonstrates
complex behaviour that requires
dorsolateral prefrontal cortex when
displayed by primates, then the neural

substrate of such behaviour could be
regarded as analogous, if not homologous,
to dorsolateral prefrontal cortex. Thus,
studies in rats might offer much to the
controversies surrounding the functions of
primate prefrontal cortex.

Is it useful to compare the functions of rat

prefrontal cortex with primate dorsolateral

prefrontal cortex?

There are inherent difficulties in using
rodents as a model of primate dorsolateral
prefrontal function. First, the precise
computational functions of primate
dorsolateral prefrontal cortex are
disputed – although nobody disputes
their overall complexity. Second, this
complexity makes interpretation and
modeling of primate dorsolateral
prefrontal function problematic:
impairment of a fundamental cognitive
process might result in impairment of
seemingly disparate tasks. Third, some
functions of frontal cortex are species-
specific (language and verbal reasoning
being the most obvious examples).
However, identifying functions of frontal
cortex in one species could allow the
extrapolation of common mechanisms to
the frontal cortices of other species. In
this sense, studies of rat prefrontal
cortical function do not model primate
prefrontal cortical function per se, but
form a separate line of investigation 
that will, it is hoped, converge with
research in primates.

The design of species-appropriate
measurements requires careful
consideration of the underlying mental
operations. Behaviours that are
superficially similar in different species
need not be mediated by the same
cognitive operations (e.g. a person and a
parrot saying ‘Hello, Polly’). Conversely,
the same cognitive operations and
analogous neural substrates could
mediate behaviours that appear to differ
across species. Therefore, it is important
not to be taken in by behaviour that
merely looks the same, but to identify
common fundamental operations tested
under species-appropriate conditions.

Many studies of prefrontal cortical
function in the rat have investigated
impairment of working memory [19].
Profound working memory deficits
following dorsolateral prefrontal cortical
damage in humans and
electrophysiological investigations in
monkeys [20] have confirmed the

importance of dorsolateral prefrontal
cortex in working memory processes.
Nevertheless, at least some of the
impairments in learning and memory
reported in rats could reflect problems in
shifting strategies, rather than the
learning of stimulus–response
associations per se [21]. For example,
rats learning a ‘match-to-position’ rule
must overcome a spontaneous
alternation strategy. Thus, it is
recognized that behavioural deficits
following prefrontal cortical damage in
rats could reflect impaired behavioural
flexibility similar to that reported in
primates [18,19,22,23].

Impairments of selective attention
following medial prefrontal cortical
lesions in rats have similarly been
interpreted not as purely attentional
deficits, but as problems with
behavioural flexibility. The most popular
task used to demonstrate selective
attention in rats is the five-choice serial
reaction time task [24]. The rat is
presented with a visual cue in one of up to
five possible locations and the attentional
load is manipulated by varying the
duration of stimulus presentation or the
number of possible stimulus locations.
Rats with lesions of medial prefrontal
cortex perform as well as control rats
when there are only two potential
stimulus locations, even when the
stimulus duration is brief [25]. However,
when the attentional load is increased
(e.g. a choice of up to five possible target
locations) medial frontal lesioned rats are
less able to detect targets [26]. The
patterns of errors in these and other
attentional tasks have been interpreted
as inconsistent with perceptual
attentional difficulties, and taken instead
to indicate a deficit in behavioural
flexibility [27]. Similarly, a deficit in
behavioural flexibility has been suggested
to account for impairments in reversal
learning of stimuli that are difficult to
discriminate [28], delayed response tasks
[29] and deficits in ‘effortful processing’
[30] following medial prefrontal cortex
lesions in rats. The hypothesis has been
more directly tested in studies that
examine rats’ability to shift between
response rules [21,23,31–33]. Kesner
expresses this as behaviour based on
‘higher order’ rules: namely, the
abstraction of associations to make rules
and use strategies that make working
memory possible [19].
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The highest order abstraction is
epitomized in the abstraction of rules for
guiding behaviour in the Wisconsin Card
Sort Test [34],which is impaired by
lesions of the dorsolateral prefrontal
cortex in human neurological patients.
The essence of the impairment is an
impediment in shifting of attention from
one perceptual aspect of a complex
stimulus (such as colour) to another
aspect of the stimulus (such as form). 
This is captured in the ID–ED
(intradimensional–extradimensional)
task, an analogue of the Wisconsin Card
Sort Test that has been used in monkeys
as well as in humans [35–38]. The task
compares the rate of acquisition of two
discriminations, each with stimuli that
are novel to the subject, with the only
difference between them being whether
the preceding discrimination was based
on the same stimulus features (an
intradimensional shift) or different
stimulus features (an extradimensional
shift). Stimulus features are often visual

properties, but this is not necessarily the
case – rules can also be abstracted on the
basis of features in other sensory
modalities or even those in semantic
categories. Acquisition of the new
discrimination is less rapid if attention
must be redirected to a previously
unattended stimulus feature. Lesions of
dorsolateral prefrontal cortex in 
humans [35] or lateral prefrontal cortex
in marmoset monkeys [36–38] do not
render the subjects unable to learn new
discriminations, but acquisition of the
extradimensional shift is slower than in
controls. By contrast, lesions of orbital
prefrontal cortex impair reversal 
learning [36]. The task is not a delay-
dependent test, nor does it load
particularly on working memory.

Birrell and Brown designed an
attentional set-shifting task that is
formally the same as one used in
monkeys and humans [39]. Rats are
trained to dig in bowls for a food reward.
The bowls are presented in pairs, only
one of which is baited: the rat must select
the bowl in which to dig according to an
aspect of its physical characteristics, such
as the odour, the digging-medium that
fills the bowl or the texture that covers its
surface. In a single session, rats perform
a series of discriminations that include
reversal learning, an intradimensional
shift and an extradimensional shift. Rats
learn the discriminations readily and
show more rapid learning of new
discriminations when their attention is
already focused on the relevant
dimension (intradimensional shift)
compared to when a previously irrelevant
dimension is made relevant
(extradimensional shift). This
demonstration provides direct evidence
that a rat – just like a monkey or human –
is capable of extracting stimulus features
to form higher order rules. Lesions of
either the medial or the orbital rat
prefrontal cortex resulted in different
deficits, in a manner strikingly similar to
the pattern of deficits seen in marmosets
with lesions of lateral or orbital
prefrontal cortex: lesions of medial
prefrontal cortex impaired the ability to
shift attentional set [39], whereas lesions
of orbital cortex impaired reversal
learning (Fig. 1). As seen in marmosets
and in humans, the abilities to shift
attentional set and to reverse
stimulus–reward associations depend on
specific and distinct regions of prefrontal

cortex. If the medial prefrontal cortex of
the rat is not the anatomical equivalent of
dorsolateral prefrontal cortex [14], then
the demonstration that it mediates the
same kind of processes leads us to
consider the nature of functional
specializations within different areas of
prefrontal cortex.

Is primate dorsolateral prefrontal cortex

functionally unique?

The functional specificity of regions of
prefrontal cortex could arise from the
nature of the information available to the
different regions (informational or domain
specificity), rather than from regional
differences in information processing
(processing specificity). There are many
alternative suggestions about the precise
nature of common processing throughout
prefrontal cortex. For example, Goldman-
Rakic emphasizes ‘domain specific on-line
memory’ [1]. Similarly, O’Reilly et al. [40]
propose ‘activation based working
memory’, but further suggest it is the
‘level of abstraction’of representations (as
opposed to the modality or domain of
information) that distinguishes
dorsolateral prefrontal from orbital
prefrontal cortex. Shimamura’s ‘dynamic
filtering’hypothesis [41] includes working
memory as one component of prefrontal
cortical processing but, as with the idea of
level of abstraction, also goes further. This
hypothesis suggests there are four
hierarchically organized elements of
executive control: selecting (selective
attention); maintaining (short-term or
working memory); updating
(manipulating the contents of working
memory or attention monitoring); and re-
routing (shifting attention). These
analyses all assume that common
processing mechanisms are recruited
throughout the prefrontal cortex of the
primate brain according to task demands,
with regional and sub-regional domain
specificity. If true, it would be
parsimonious to extend this to other
mammalian brains.

The conclusion to be drawn from these
findings is that it is not necessary to
postulate the existence of an area of rat
prefrontal cortex that is as anatomically
specialized as the human dorsolateral
prefrontal cortex. Nevertheless, a
functional equivalent might be present if
all areas of prefrontal cortex share
common processing mechanisms. Studies
with rats could confirm the view that
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Fig. 1. Number of trials to reach criterion
(six consecutive correct trials) for acquisition of an
intradimensional new discrimination (IDS), reversal of
that discrimination (REV) and acquisition of an
extradimensional new discrimination (EDS). Error
bars, ± 1 SEM. Rats with lesions centred on the medial
prefrontal cortex (prelimbic area PL [42]; n = 12) were
selectively impaired (*P <0.05) on the
extradimensional discrimination compared to
controls (n =12) (data replotted from Ref. [39]). Rats
with orbital prefrontal cortical lesions (made by
infusion of the excitotoxin ibotenic acid into the
VLO/VO (ventrolateral orbital/ventro-orbital)area [42],
at a position 4.0 mm anteroposterior and ±2.0 mm
mediolateral from the Bregma, and 4.5 mm
dorsoventral from the skull surface; n = 6) showed
impaired reversal learning (*P <0.05). However, intra-
and extradimensional new acquisition was
unimpaired (V.J. Brown and K. McAlonan,
unpublished). These data replicate the dissociation
reported by Dias et al. in marmosets with lesions of
lateral and orbital prefrontal cortices [36].



prefrontal regional and sub-regional
specialization is not necessarily with
respect to functional cognitive modules,
but reflects instead domain-specificity [1]
or level of abstraction [40]. The research in
rats need not be so concerned with
justifying the behaviour of animals in
terms of its similarity to human executive
function, as animal-like executive
functions are sufficient. Studies of
nonprimate species provide a cognitively
less complex case, in which the elemental
psychological and neural processes in
prefrontal cortex can be examined, and
from which the functions of human
dorsolateral prefrontal cortex can be
extrapolated.
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