
logical Psychiatry 31 (2007) 906–914
www.elsevier.com/locate/pnpbp
Progress in Neuro-Psychopharmacology & Bio
Lesions of the nucleus accumbens shell can reduce activity
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Abstract

Across different behavioural tasks, nucleus accumbens (n.acc) lesions have generated conflicting effects on locomotor activity and in
particular, the relative roles of the n.acc shell and core subfields in this have been controversial. To date there is only one study examining effects
of lesions to the medial n.acc on elevated plus-maze (EPM) behaviour; these lesions were shown to increase both locomotor and exploratory
activity. Given the well-documented distinction between shell and core, the present study sought to extend previous research by testing lesions
selective to each n.acc subfield in the EPM.

Results showed no statistical differences between core lesioned and sham-operated animals on any measure. In contrast, shell lesions
consistently reduced locomotion and exploratory activity. This direction of effects is opposite to that previously observed after medial n.acc.
lesions. In conclusion, locomotion and exploratory activity were clearly reduced by shell but not core lesions, consistent with other evidence for
the functional heterogeneity of n.acc shell and core.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

The elevated plus-maze (EPM) shows sensitivity to treat-
ments that affect locomotion, exploratory activity and emotion-
ality. Selective lesions targeted at the shell versus core subfields
of the nucleus accumbens (n.acc) have not been tested in the
EPM before but there is evidence, albeit conflicting, to suggest
that selective n.acc lesions might have an effect on all three of
these EPM measures.

Across a number of different tasks, the n.acc core has been
shown to be involved in producing effects on locomotion
(Maldonado-Irizarry and Kelley, 1994, 1995; Pothuizen et al.,
2005). In further support for a role for the core in locomotion,
evidence suggests that the core region mediates the effects of
Abbreviations: DA, dopamine; EPM, elevated plus maze; n.acc, nucleus
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psychostimulants on locomotor activity (Boye et al., 2001;
Parkinson et al., 1999a). Not all evidence is consistent,
however, as both electrolytic and excitotoxic lesions to core
(Parkinson et al., 1999b; Weiner et al., 1996) have also been
shown to be without effect on locomotor activity. Moreover, the
interval since treatment at which activity measures are taken
seems to be important in terms of the direction of effects
observed. Both Maldonado-Irizarry and Kelley (1995) and
Pothuizen et al. (2005) showed that within individual experi-
ments, a single treatment (excitotoxic lesions or temporary
inactivation) of the core can result in both hypo- and
hyperactivity depending on when locomotor measures are
taken. In both studies, hypoactivity was observed shortly after
treatment, followed by hyperactivity 72 h (Pothuizen et al.,
2005) or one to three weeks (Maldonado-Irizarry and Kelley,
1995) later.

Traditionally, a less important role in locomotion has been
ascribed to the shell, as some reports of excitotoxic and electro-
lytic lesions to this subfield have shown no effect on loco-
motor measures (Parkinson et al., 1999b; Reidel et al., 1997).

mailto:rachel.horsley@ntu.ac.uk
http://dx.doi.org/10.1016/j.pnpbp.2007.02.007


907R.R. Horsley et al. / Progress in Neuro-Psychopharmacology & Biological Psychiatry 31 (2007) 906–914
However, evidence has accumulated suggesting that the shell
may play an equally important role; both excitotoxic and
electrolytic lesions and pharmacological blockade have resulted
in an increase in activity (Jongen-Rêlo et al., 2002; Pulvirenti
et al., 1994; Weiner et al., 1996). Moreover, acute local micro-
infusions of dopamine (DA) D1 receptor agonists, and amphet-
amine indicate that the n.acc shell, rather than core, has a greater
involvement in locomotor activity effects produced by these
compounds (Swanson et al., 1997; Heidbreder and Feldon,
1998).

Thus, the relative roles of n.acc subfields in locomotor
activity remain controversial. The only previous study to
examine the effects of electrolytic lesions to the n.acc (medial n.
acc, incorporating primarily the shell but also part of the core)
on EPM behaviour reported increased closed and total arm
entries, which is indicative of hyperactivity (Thifault et al.,
1998). We sought to extend the work of Thifault et al., by testing
lesions selective to each subfield of the n.acc. We systematically
compared shell and core lesions because of the well-
documented anatomical, pharmacological and functional dis-
tinctions between these regions (e.g., see Deutsch and Cameron,
1992; Weiner et al., 1996; Zahm and Brog, 1992).

The EPM has also been used to measure exploratory
behaviour. Locomotor activity and exploration can be hard to
dissociate empirically because exploration inevitably involves
some kind of locomotion, however in the EPM exploration is
thought to be captured by an additional measure (time in
central square). There is some evidence to support a role for
the n.acc in exploratory activity. Thifault et al. (1998) showed
that medial n.acc lesions resulted in increased exploration in
the EPM and in the holeboard. Local application of glutamic
acid to the n.acc reduced exploration in a variant of the EPM,
the elevated asymmetric plus maze (Alvarez and Ruarte,
2001).

One of the major afferent inputs to the n.acc is from the
mesolimbic DA system (Lindvall and Bjorklund, 1978).
Therefore, the n.acc can be thought of as a DA-ergic structure.
The indirect DA agonist amphetamine, has produced effects on
EPMmeasures of emotionality (shown as, for example, changes
in the frequency of open arm entries) although the direction of
effects observed has been inconsistent (Cancela et al., 2001;
Dawson et al., 1995; Derrien et al., 1994; Olausson et al., 2000;
Pellow et al., 1985; Summnall et al., 2004). Test doses of
amphetamine are usually within the range that increases the
availability of extracellular DA in the striatum (Giros et al.,
1996) so it is conceivable that amphetamine effects on
emotionality in the EPM are mediated at least in part by the
DA-rich n.acc. Consistent with this view, there is anatomical
and empirical evidence that points to a role for the n.acc in
emotionality. The n.acc is important in mediating the motiva-
tional effects of emotionally relevant stimuli (Cardinal et al.,
2003) and has a role in the regulation of anxiety (Barrot et al.,
2005). It is also well established that the n.acc is implicated in
conditioned emotional responding (Saulskaya and Marsden,
1994, 1995a,b; Young et al., 1993) and that core and shell can
have dissociable effects on this (e.g., Cassaday et al., 2005; Gal
et al., 2005; Weiner et al., 1996). Extracellular DA in the n.acc
shell has been shown to increase in response to both conditioned
and unconditioned aversive stimuli (Young, 2004) and stress
has been shown to increase dopamine release in the accumbens
shell, but not core (Wu et al., 1999).

In summary, the present study seeks to extend previous work
by ascertaining the effects of electrolytic lesions selective to
either the core or shell subfields of the n.acc on locomotor,
exploratory and emotional behaviour on the EPM. In each case
we test the prediction that lesions confined to shell will increase
locomotor and exploratory activity (after Thifault et al., 1998).
If this prediction is confirmed then this will establish the
neuroanatomical basis for the effects of the larger lesion used in
the previous EPM study (Thifault et al., 1998). In addition we
test the hypothesis that more selective lesioning of the shell
region will result in changes in emotional behaviour.

2. Methods

2.1. Animals

80 naïve male Wistar rats (Charles Rivers, UK), of mean
weight 228 g (range 201–265 g) underwent surgery.

The rats were seven months post n.acc electrolytic lesion
surgery (having previously participated in aversive and
appetitive conditioning studies) and weighed between 338 g
and 564 g at the time of EPM testing. Throughout testing
animals were caged in pairs on a 12:12 h light/dark cycle and
tested during the light phase. Two were caged alone because of
fighting post-operatively. During testing, water was available
ad libitum in the home cage and rats were fed a maintenance
ration of at least 15–20 g of lab chow per rat, adjusted as
necessary to allow for healthy weight gain and then to stabilize
weights in those over 400 g.

All procedures were carried out in accordance with the
United Kingdom Animals (Scientific Procedures) Act 1986 and
associated guidelines, Project Licence number PPL 40/2648.

2.2. Surgery

Anaesthesia was induced via a mouthpiece using Isoflurane
(5%), nitrous oxide (750 cm3/min) and oxygen (500 cm3/min).
Subsequently anaesthesia was maintained with Isoflurane at
2–3% (as required) via a mouthpiece designed to fit the
stereotaxic apparatus (David Kopf Instruments). Lesions were
made bilaterally using the following coordinates based on the
atlas of Paxinos and Watson, 1997: Core — AP +2, ML ±1.6,
DV −6.5 and AP +2.4, ML ±1.6, DV −6.3; Shell — AP +1,
ML ±0.8, DV −7 and AP +1.5, ML ±0.8, DV −7. The ML
coordinate was taken with reference to the sagittal sinus. The
DV coordinates were taken from the dura mater; AP coor-
dinates used were with reference to the original position of
bregma. At each coordinate, 2 mA DC constant current of 7 s
duration was delivered symmetrically to each hemisphere using
an electrolytic lesioning device (UGO Basile, Verese, Italy).
After each current delivery, the electrode was left in place for
an additional 2 min Sham-operated rats were prepared exactly
as above and the electrode was in each case lowered but no
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current was passed. A fresh electrode was used for each rat.
Full details of surgery are reported elsewhere (Cassaday et al.,
2005).

2.3. Apparatus

The EPM used was made of plywood and was painted matt
black with water based emulsion paint (Crown, UK). There
were two opposing open arms (10 cm wide, 50 cm in length,
without lips) and two opposing closed arms of the same
dimensions, but enclosed on three sides by 40 cm high walls.
The four arms formed a + shape, with a 10 cm2 central hub. The
entire maze was elevated (platform at 50 cm from the floor) on
legs. Each arm was equally subdivided into inner and outer
subsections (in relation to the central square). Behaviours on the
maze were scored automatically (although ethological beha-
viours were scored manually) using a computerised video-
tracking system (Ethovision ColourPro, Noldus Information
Technology, the Netherlands).

2.4. Behavioural procedures

The EPM measures effects on locomotion and emotionality
as closed/total arm entries and open arm behaviours, respec-
tively (File, 1992; Olausson et al., 2000; Pellow et al., 1985;
Pellow and File, 1986). The maze can also detect changes in
exploratory activity shown, for example, by central square
behaviours, although the precise characterisation of these
behaviours is subject to some debate (Cruz et al., 1994;
Rodgers and Johnson, 1995; Trullas et al., 1991; Weiss et al.,
1998).

Behavioural procedures were based on File et al. (2000) and
were as follows: after 1 h habituation adjacent to the testing
room, rats were taken individually to the testing room, which
was dimly lit. The rat was placed on the central square of the
maze, facing an open arm (the open arm faced initially was
alternated between rats) and allowed to move freely about the
maze for 5 min (in the absence of the experimenter), while their
behaviour was video recorded. Between rats, the maze was
wiped clean with tap water.

Frequency of entries, rears and head dips, time (%) spent and
the distance travelled (cm) were recorded within each region
(central square, open arms, closed arms, including inner and
outer subsections) of the EPM. Arm entries were counted when
all four paws were in the arm. Entries into inner and outer
subsections were similarly counted when all four paws were in
the relevant subsection. Note that an entry into a given arm is
also counted as an entry into the inner subsection of that arm. In
addition, total arm entries and total distance travelled (cm)
within the maze were recorded. Distance travelled was
calculated as the mean distance travelled in each subsection,
that is, distance travelled in a given subsection divided by the
number of entries into that subsection. Rears were defined as an
upward stretching movement accompanied by the two front
paws leaving the maze platform, head dips were recorded when
the animal lowered its snout over the edge of the maze platform
until its ears were level with the platform.
2.5. Histology

Rats were deeply anaesthetized with 1 ml of Sagatal (Sigma
Aldrich, Dorset, UK) and were perfused transcardially with
100 ml of 0.9% physiological saline followed by 100 ml of
fixative (10% formaldehyde in 0.1 M potassium buffer). The
brains were placed in jars containing 100 ml fixative for a
minimum of four weeks. Then, 24 h prior to histology, the
brains were removed from the fixative solution and immersed in
20% sucrose solution at 4–5 °C. The brains were then blocked
and coronal sections 60 μm in thickness were taken using a
freezing microtome (MSE Ltd., cooling unit model 130439).
Every third section was retained, mounted on a slide and stained
with Cresyl Violet. Lesion size and location were assessed with
reference to the atlas of Paxinos andWatson (1997) using a light
microscope (Olympus, BH2).

2.6. Design and statistics

Scores for (open/closed, inner/outer subsections) arm time
on the maze were calculated as percentages of total time spent in
arms (not total time in maze). Scores for time in the central
square are expressed as a percentage of total time in the maze.
Data for each measure were analysed using one-way analysis of
variance (ANOVA) with Lesion (at levels sham, shell and core)
as a between subjects factor. In addition, analysis of covariance
(ANCOVA) was used to analyse open and closed arm entries
with total arm entries as a covariate to determine whether there
was any further effect for lesion after changes in locomotor
activity had been taken into account. Significant main effects
were explored by t-tests based on the individual error terms
(two-tailed). Given that comparisons were planned, and were
only a small subset of the possible comparisons, then the
inflation of family-wise Type 1 error rate was not very large
(Howell, 2002). However, to be conservative, Bonferroni
correction procedures were applied throughout, adjusting the
acceptable p value for the number of comparisons conducted.
Seven rats were excluded from the study based on histology.
The data from two rats that exited the maze during testing were
also excluded. A further rat's data were excluded due to a
technical failure. Prior to conducting the main analyses, shell
sham and core sham-operated animals' behaviour was com-
pared. In the absence of any significant differences (maximum t
(15)=1.98) the sham groups were collapsed for subsequent
analyses. Exclusions left the following group sizes for analysis:
Core=24; Shell=24; Sham=17.

3. Results

3.1. Histology

The shell and core lesions produced were clearly and reliably
distinguishable. As would be expected with the electrolytic
method, the lesions were variable in size. The criteria for
retention within each lesion condition were: (1) that the extent
and location of the damage should be reasonably consistent with
that seen in other animals in the same lesion condition; and (2)
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that the lesion should damage the intended (shell versus core)
target and should show little, if any, bilateral encroachment on
the alternative (core versus shell) subfield (Weiner et al., 1999,
1996). Seven rats were excluded on the basis of histology: four
in the shell-lesioned group and three from the core lesioned
group. Photographs of representative lesions can be seen in Fig.
1a and b. Line drawings of the largest and smallest lesions
retained in the study can be seen in Fig. 2. Although the largest
core lesion encroaches on the alternative shell subfield, only
two such large core lesions were retained in the experiment and
this damage was, in any case, unilateral. Outside the n.acc, there
was inevitably some additional non-specific damage after the
electrolytic lesions; for example, there was generally some
damage to the caudate putamen after core lesions and damage to
Fig. 1. (a) Photograph of a representative shell lesion, magnification 4.7× taken
using a Kodak 620 (image adjusted only for contrast). (b) Photograph of a
representative core lesion, magnification 14× taken using a Kodak 620 (image
adjusted only for contrast).
medial structures after shell lesions. Full details of histology are
reported elsewhere (Cassaday et al., 2005).

3.2. Total arm entries

Analysis of the total arm entries as a measure of overall
locomotor activity showed an effect for Lesion (F(2,62)=12.10,
p<0.001). This arose because shell lesioned rats made
significantly fewer arm entries on the maze than core lesioned
or sham treated rats (minimum t(39)=4.37, p=0.001) — see
Fig. 3a.

3.3. Open arm behaviour

There was a significant effect of Lesion on entries into the
open arms overall and their inner and outer sections (minimum
F(2,62)=4.71, p<0.05). Fig. 3a shows that, compared to sham-
operated and core lesioned animals, shell lesioned rats made
significantly fewer entries into the open arms overall and
significantly fewer entries into both the inner and outer sections
of the open arms (minimum t(39)=2.69, p<0.01). There was a
significant effect of Lesion on distance travelled in the outer
subsection of the open arms (F(2,62)=3.37, p<0.05). Fig. 3b
shows that shell lesioned rats travelled less far in this section
than core lesioned rats (t(39)=2.53, p<0.025), but not sham
lesioned rats (t(39)=1.73). Lesion did not affect the distance
moved in the open arms overall or its inner subsection
(maximum F(2,62)=3.08). There was no effect of Lesion on
the time spent in the open arms or its subsections (see Fig. 3c).
Moreover, when total arm entries were used as a covariate in
analysis of entries into open arms and their subsections,
ANCOVA showed no further effect for Lesion once total arm
entries had been taken into account (F(2,61)=0.07), suggesting
that effects on open arm entries were mediated by effects on
locomotor activity rather than emotionality.

3.4. Closed arm behaviour

There was a significant effect of Lesion on entries into the
closed arms overall and on entries into both inner and outer
subsections of the closed arms (minimum F(2,62)=6.23,
p<0.005). Fig. 3a shows that, compared to sham-operated
and core lesioned animals, shell lesioned rats made significantly
fewer entries into the closed arms overall and significantly
fewer entries into both the inner and outer sections (minimum t
(39)=2.87, p<0.01). Lesion also affected the distance travelled
in the closed arms and both the inner and outer sections
(minimum F(2,62)=4.05, p<0.05). Fig. 3b shows that shell
lesioned rats moved around less than core or sham rats on all
distance measures in the closed arms (minimum t(39)=2.03,
p=0.05). Lesion did not affect the amount of time spent in
the closed arms overall, nor the amount of time spent in the
inner subsection (maximum F(2,62)=2.08). As above, when
total arm entries was used as a covariate in analysis of entries
into closed arms and their subsections, ANCOVA showed no
further effect for Lesion once total arm entries had been taken
into account (F(2,61)=0.53). However, there was a significant



Fig. 2. Line drawings showing the largest (light grey fill) and smallest (dark grey fill) core and shell lesions superimposed on coronal sections from the atlas of Paxinos
and Watson (1997) (Figs. 9–15, 2.7–0.7 mm anterior to bregma, reproduced with permission).
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effect on time spent in the outer subsection of the closed arms (F
(2,62)=4.77, p<0.05). Fig. 3c shows that shell lesioned
animals spent more time in this area than those with a sham
lesion (minimum t(39)=2.35, p<0.025).

3.5. Central square behaviour

There was a significant effect of Lesion on entries into the
central square (F(2,62)=11.08, p<0.001). Fig. 3a shows that
shell lesioned rats made significantly fewer entries into the
central square than sham-operated or core lesioned animals
(minimum t(39), 3.71, p<0.001). Lesion also affected the time
spent in the central square (F(2,62)=4.46, p<0.05). Fig. 3c
shows that shell lesioned animals spent less time in this
subsection of the maze than core or sham treated rats (minimum
t(46)=2.69, p<4 0.01).

3.6. Ethological measures

Frequency and duration of rears and head dips were recorded
in all subsections of the maze. However, these behaviours are
largely region-specific, with rears tending to occur in the closed
arms and central square, and head dips in the open arms and
central square. Occasionally rats rear in the inner section of the
open arms, close to the central square where they can support
themselves on the walls of the closed arms. However, the low
baseline frequency of such behaviour in this subsection of the
maze meant that there was a floor effect. These data were
unsuitable for parametric analysis and are not reported.

There were significant effects of Lesion on frequency and
duration of rears in the closed arms and central square
(minimum F(2,62)=9.82, p<0.01). Fig. 4 shows that shell
lesioned rats made significantly fewer rears than other rats in all
subsections of the closed arms and in the central square
(minimum t(46)=3.34, p<0.005). Time spent rearing showed a
similar pattern of effects with shell lesioned rats spending less
time rearing in these areas (minimum t(46)=3.30, p<0.001,
data for time spent rearing not shown). Lesion also significantly
affected frequency of head dipping (minimum F(2,62)=4.81,
p<0.05). Shell lesioned rats made significantly fewer head
dips (see Fig. 4) in all subsections of the open arms and the
central square (minimum t(46)=2.84, p<0.01). Differences in
the length of time spent head dipping did not reach significance
in any subsection of the maze (maximum F(2,62)=2.75, data
for time spent head dipping not shown).

4. Discussion

The present study set out to test the effects of n.acc lesions
(shell versus core) on behaviour on the EPM. Counter to
predictions, the shell lesion reduced levels of locomotor and
exploratory activity but was without effect on emotionality.



Fig. 3. (a) Mean frequency of entries into each subsection of the elevated plus maze. Bars show standard error of the mean (±1 s.e.m.). (b) Mean distance travelled (cm)
in each subsection of the elevated plus maze excluding the central square. Distance travelled was calculated as distance travelled divided by the number of entries in
each subsection of the maze. Bars show standard error of the mean (±1 s.e.m.). (c) Mean time spent (s) in each subsection of the elevated plus maze. Time spent in open
and closed arms and their inner and outer subsections is expressed as a percentage of total arm time. Time in the central square is expressed as a percentage of total
maze time. Bars show standard error of the mean (±1 s.e.m.).
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Fig. 4. Mean frequency of rears and mean frequency of head dips recorded in each subsection of the elevated plus maze. Bars show standard error of the
mean (±1 s.e.m.).
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Also contrary to prediction, the core lesion exerted no
significant effect on locomotion or on any of the other EPM
behaviours that were measured.

Before discussing the implications of our results for the
involvement of the two n.acc subfields in exploratory behaviour
and emotionality, the findings regarding locomotor behaviour
will be considered. The key finding here was that rats with a
shell, but not a core lesion showed a reduction in closed and
total arm entries and rearing all of which indicate hypoactivity
(File, 1992; Olausson et al., 2000; Pellow et al., 1985; Pellow
and File, 1986; Summnall et al., 2004; Weiss et al., 1998). This
dissociation between shell and core subfields provides further
support for functional heterogeneity within the n.acc. This is not
surprising given the large amount of evidence that already
indicates shell–core dissociation in terms of function. However,
manipulations (e.g., lesions, pharmacological blockade, tem-
porary inactivation) of the shell have not previously resulted in
hypoactivity in other tasks (Jongen-Rêlo et al., 2002; Parkinson
et al., 1999b; Pothuizen et al., 2005; Pulvirenti et al., 1994;
Reidel et al., 1997; Weiner et al., 1996). In the EPM, medial n.
acc lesions that damaged primarily the shell subfield resulted in
hyperactivity (Thifault et al., 1998).

One possible account of the opposing direction of effects
seen here relates to the extent and location of the lesions. There
was some damage to ventral pallidum and caudate putamen,
both which have been implicated in locomotor activity (e.g., Al
Kahtib et al., 1995; Le Moal and Simon, 1991; Morgenson et
al., 1980). However damage was not sufficiently consistent to
explain the systematic effect on activity observed in the shell
lesioned rats. Variable effects of non-selective lesions on
activity have been observed (e.g., Annett et al., 1989; Kelley
and Roberts, 1983; Koob et al., 1981; Makanjuola and Ashcroft,
1982) but there was little evidence of our shell lesions affecting
the integrity of the core and the core lesion itself was without
effect. The n.acc, particularly the shell, has a large number of
fibres passing through (Groenewegen et al., 1999). However as
Thifault et al. also used electrolytic lesions, it would not appear
that damage to fibres can account for the opposing direction of
effects seen here. Nevertheless, further studies using yet more
selective lesions of the n.acc subfields in relation to activity and
in particular lesions that do not damage fibres of passage would
be useful. Damage to core in the earlier study (Thifault et al.,
1998) is one possible explanation of the opposite direction of
effects seen here as in other behavioural test procedures shell
and core lesions have been found to have opposing effects
(Weiner, 2003).

Alternatively, the difference may arise because of a form of
rate-dependency, where in this case the direction of observed
effects can depend on the baseline level of DA (Chen et al.,
2005; Cools and Robbins, 2004; Cools et al., 2001; Rapport and
Kelly, 1991) as well as current behavioural state (Canales and
Iversen, 2000). Lesion treatments are not necessarily function-
ally equivalent to pharmacological treatments in terms of their
dependence on baseline activity in neurotransmitter systems.
However, levels of DA after n.acc lesions in the present study
are very likely to have differed from those produced by Thifault
et al. (1998) because our rats were approximately 7 months
post-surgery at testing, and typically behavioural testing occurs
within a few weeks of treatment (e.g., in Thifault et al. (1998),
rats were approximately 1 month post-surgery). Therefore, the
time course in which compensatory mechanisms or adaptive
changes in neurotransmission could occur was unusually long
in the present study. This account is inevitably speculative
because basal levels of DAwere not directly measured here but
there is evidence of plasticity in the DA system after electrolytic
lesions in monkeys (see e.g., Janson et al., 1991; Churchill et
al., 1998). Similarly, in the present study, rats were older, very
well handled and experimentally sophisticated. Therefore
effects could also be rate-dependent with respect baseline
emotionality (Hogg, 1996), perhaps mediated in part by
differences in DA levels.

In spite of the apparent opposing direction of our results, we
partially replicated those of Thifault et al. (1998) in that the
locomotor measures (both closed and total arm entries) affected
were the same across the two studies. That locomotion was
unaffected by core lesions was unexpected based on existing
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literature indicating a likely role for the core (e.g., Maldonado-
Irizarry and Kelley, 1994, 1995; Pothuizen et al., 2005). In any
event, the lack of effect of the core lesion on EPM activity in the
present study suggests that encroachment on core in the earlier
study (Thifault et al., 1998) is not the most likely explanation of
the discrepancy in terms of the direction of observed effects
after shell lesion.

In addition to reducing locomotor activity, rats with a shell
lesion also showed reduced rather than increased exploration
manifested as less time spent in the central square (Thifault et
al., 1998). Conventional EPM measures (e.g., total/closed arm
entries) do not clearly dissociate locomotion and exploratory
activity. However, in the present study there was also
ethological evidence in the form of head dipping, that on
some, but not all, accounts would suggest reduced exploration
after the shell lesion (Cruz et al., 1994; Rodgers and Johnson,
1995; Trullas et al., 1991; Weiss et al., 1998).

EPM presents a test of motivated locomotor activity with an
exploratory component that is difficult to dissociate. The n.acc
is clearly implicated in motivated behaviours (Barrot et al.,
2005; Cardinal et al., 2003). Therefore we would not wish to
argue that the n.acc shell lesion had purely locomotor effects,
either in EPM or in any other task. The effects of shell lesions in
other tests of locomotion are likely to be different depending,
for example, on the arousal generated and the animals'
motivation to escape the test environment.

However, n.acc lesions did not affect emotionality as
measured in the EPM either in the present study or in a
previous one (Thifault et al., 1998). The shell lesions did reduce
open arm entries but as there was a concomitant reduction in
closed/total arm entries this is interpreted as a general reduction
in locomotor activity. This appears to be contrary to evidence
suggesting that the n.acc, particularly the shell, is involved in
emotional behaviours (Barrot et al., 2005; Saulskaya and
Marsden, 1994, 1995a,b; Wu et al., 1999; Young et al., 1993;
Young, 2004). It is possible that effects on locomotion may have
masked underlying effects on emotion in the EPM. Shell
lesioned rats did show a reduction in open arm entries, and these
animals did spend more time within the outer portion of the
closed arms, which is presumably the least aversive region of
the maze. However, interpretation of these effects in relation to
emotionality is problematic because alongside the reduction in
open arm entries, closed and total arm entries were also reduced
(suggesting a locomotor effect). Moreover, whilst interpretation
of more time spent in the outer portions of the closed arms as an
increase in emotionality would seem plausible, this has never
been tested empirically.

In summary, neither core, nor shell lesions affected
emotionality. Our results confirmed a role for the shell, but
not core subfield of the n.acc in locomotor and exploratory
activity as measured in the EPM. The behavioural consequences
of the shell lesion observed here were very clear and effects on
activity and exploration were consistent across both conven-
tional and ethological measures. However, time elapsed post-
treatment would seem to be a critical factor in determining the
direction of observed effects (e.g., Maldonado-Irizarry and
Kelley, 1995; Pothuizen et al., 2005). The electrolytic lesions
used in the present study were assessed histologically. Direct
measures of changes in DA function will be necessary to
establish the mechanisms that underlie temporal changes in
expression of locomotor and exploratory behaviours following
n.acc lesions (Chen et al., 2005; Cools and Robbins, 2004;
Cools et al., 2001; Rapport and Kelly, 1991).
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