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HE STRIATUM BEYOND REWARD: CAUDATE RESPONDS

NTENSELY TO UNPLEASANT PICTURES
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bstract—The involvement of striatum in affective processes
as been consistently reported in recent years. However,
tudies within this field have mainly focused on positive
ffect, revealing the involvement of striatum in reward situa-
ions. The present research aimed to explore the involvement
f striatum in negative affect through fMRI. To that aim, par-
icipants (n�18) were presented with negative, positive and
eutral pictures while they performed an indirect task, a strat-
gy repeatedly recommended to avoid cognitive interfer-
nces. Positive and negative stimuli did not differ in their
rousal levels, as assessed by participants themselves. Anal-
ses of variance showed that caudate nucleus was sensitive
o the emotional content of stimulation, negative pictures
liciting greater caudate responses than positive and neutral.
egression analyses indicated that both valence and arousal
ontent of visual stimuli synergically contributed to explain
he activation of caudate, whose strong response to negative
ictures supports models proposing striatum as a key ele-
ent in withdrawal situations. © 2009 IBRO. Published by
lsevier Ltd. All rights reserved.

ey words: emotion, indirect tasks, valence, arousal, fMRI.

lthough basal ganglia have been traditionally considered
group of structures involved in motor functions, recent

esearch has shown that the multiple circuits that connect
hem with the rest of the brain (see a review in Utter and
asso, 2008) serve a wide variety of functions including
ffective processes. This is particularly true for the stria-
um, an important part of basal ganglia that has been
raditionally divided into ventral striatum, which contains
he nucleus accumbens, and dorsal striatum (sometimes
imply “striatum”), comprising caudate and putamen. How-
ver, this division is under debate (e.g., Voorn et al., 2004),
o we will refer to specific striatal nuclei rather than to
triatal divisions hereafter. Indeed, the striatum receives
mportant inputs from motor cortices (Utter and Basso,

Corresponding author. Tel: �34-91497-5224.
-mail address: carretie@uam.es (L. Carretié).
bbreviations: ANOVA, analysis of variance; EPI, echo-planar imag-
t
ng; GG, Greenhouse–Geisser; IPL, inferior parietal lobule; RTs, re-
ction times.

306-4522/09 $ - see front matter © 2009 IBRO. Published by Elsevier Ltd. All right
oi:10.1016/j.neuroscience.2009.09.031

1615
008), but also from the three core elements known to be
nvolved in affective assessment of the environment: the
entromedial prefrontal cortex (Cavada et al., 2000), the

nsula (Calder et al., 2001), and the amygdala (Emery and
maral, 2000). Moreover, a majority of dopaminergic neu-

ons project to the striatum (see a review in Björklund and
unnett, 2007), dopamine levels being a key factor mod-
lating emotional processes (e.g., Sevy et al., 2006).

Particularly, the involvement of striatum in positive af-
ect has been consistently reported during the last decade.
he best explored issue in this field is the relationship of
ucleus accumbens, caudate nucleus and putamen, with
eward. Thus, increases in the activity of all these nuclei
and in the dopaminergic release to them) have been
bserved when human subjects are presented with re-
ards, such as the opportunity to gain money or when
resented with food stimuli while in a state of hunger (see
eviews in Delgado, 2007; Balleine et al., 2007). Interest-
ngly, recent studies suggest that striatal nuclei are not only
nvolved in appetitive or reward processing, but also in
versive processing. For example, activation of the nu-
leus accumbens in response to unpleasant noise has
een reported to be similar than in response to pleasant
uditory stimuli (Levita et al., 2009). Meanwhile, the puta-
en has shown a somatotopic representation of nocicep-

ive information, revealing a crucial role of this structure in
ain processing (Bingel et al., 2004). Finally, Roiser et al.
2007) reported greater caudate activity in response to
egative words than to neutral and positive words in anx-

ous subjects. In any case, the involvement of striatum in
egative affect has been scarcely explored up to the mo-
ent and needs further study. In part, this is due to the fact

hat this brain region, particularly caudate and putamen, is
sually out of the focus of analysis in experiments employ-

ng negative stimuli. Thus, data on caudate and putamen
ctivity in response to pictures of unpleasant scenes,
hich are considered as more arousing than unpleasant
ords or facial expressions (Hinojosa et al., 2009; Keil,
006; Kissler et al., 2006), are missing up to the moment.

The present research aimed to study the response of
triatum to negative visual stimuli through fMRI. Several
ethodological conditions which, in our opinion, may facil-

tate the reliable exploration of this issue, were applied.
irst, emotional pictures rather than words or faces were
mployed to ensure the maximal arousal provided by vi-
ual stimuli. Second, positive stimuli similar in arousal to
egative stimuli were presented to facilitate exploration of
oth valence and arousal effects. Valence (negative to
ositive) and arousal (calming to arousing) are two affec-

ive dimensions widely considered to explain the principal
s reserved.

mailto:carretie@uam.es
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ariance of the emotional meaning (Lang et al., 1993;
ussell, 1979; Smith and Ellsworth, 1985). Third, an indi-

ect task, rather than a direct or explicit task (i.e., explicitly
elated to the emotional content of the stimulation) was
sked from participants. Indirect tasks have been de-
ended as optimal for the exploration of emotional effects
n subcortical and cortical activity since they diminish the
isk of cognitive, task related, interferences (Carretié et al.,
006; Straube et al., 2004, 2008). The main potential
ognitive interference is the “relevance-for-task effect”, a
rocessing bias towards those stimuli that are considered
y participants as more important for the experimental task
han others (in this case, emotional, salient stimuli, more
mportant for an experiment on emotional reactions than
eutral ones: Carretié et al., 2006; Duncan-Johnson and
onchin, 1977; Straube et al., 2004). Fourth, sustained
timulation (2500 ms) will be employed, since it has shown
o facilitate more complete and intense emotional reactions
e.g., Carretié et al., 2006). Finally, the fifth methodological
lement relevant to the study of the striatal response to
ffective pictures was the demand of motor responses.
ince emotional stimuli often require motor responses and

he striatum is a key piece in the output system of affect-
elated circuitry (Rolls, 2000), it appears appropriate to
equire a behavioral output from participants.

EXPERIMENTAL PROCEDURES

articipants

ighteen healthy subjects (eight women), with an age range of
1–42 years (mean�28.3) voluntarily took part in this experiment.
hey gave their informed consent to participate, reporting normal
r corrected-to-normal visual acuity.

timuli and procedure

hree types of pictures were presented to participants in a single
un through optic-fiber-based glasses (MRVision 2000 ultra, Res-
nance Technology, Inc., Northridge, USA) connected to the stim-
lation computer (the lenses of these glasses were changeable for
isual acuity correction where necessary): emotionally positive,
motionally negative, and emotionally neutral. Number of trials of
ach type was 36 (18 different pictures presented twice). Each of

hese pictures contained either a central green cross (50% within
ach emotional category) or a central red cross (50%): see http://
ww.uam.es/carretie/grupo/striatum09.htm. Subjects were in-
tructed to press a button on a device held in their right hand
henever a green cross picture appeared, and a button in their left
and in the case of a red cross picture. Each picture was dis-
layed on the screen for 2.5 s, and between pictures the screen
as white with a central black cross for 0.5 s. The 36 trials within
ach emotional category were divided into six six-trial blocks (18
each). Consequently, 18 blocks were presented to subjects (six
egative, six neutral and six positive). The order in which these
locks were presented was set by means of semi-random criteria,

n such a way that two consecutive blocks of the same emotional
ype were never presented. In order to provide a “rest condition” or
aseline, 12 white stimuli with the word “descansa” (“rest”) in the
entre were presented between some of the blocks during the run.
he duration of each of these rest periods was 15 s.

The aim of this indirect task was twofold. First, it was designed
o help maintain the level of attention, a necessary condition for
esults to be reliable and relevant for our purposes. The second

nd principal objective of the indirect task, already mentioned in c
he Introduction, was to avoid cognitive interferences such as the
relevance-for-the-task” effect (Carretié et al., 2006; Duncan-
ohnson and Donchin, 1977).

Stimuli were all taken from the International Affective Picture
ystem (IAPS; Lang et al., 2005): see Appendix 1 and http://
ww.uam.es/carretie/grupo/striatum09.htm. These images were
elected on the basis of their scores in arousal and valence taking
nto account our previous experience with Spanish samples. Par-
icularly, arousal assessments for negative stimuli tend to be
igher than those provided by IAPS tables. After the recording
ession, participants themselves filled out a five-point bidimen-
ional scale for each picture so their assessments on the valence
nd arousal content of the stimulation were obtained. As ex-
lained later (Results section), positive and negative pictures were
ssessed as similar in arousal.

MRI scanning and analysis

he fMRI data were acquired on a 3-T GE Signa Infinity Scanner
General Electric, Milwaukee, USA). Functional images were ob-
ained using a T2* weighted echo-planar imaging (EPI) sequence
echo time�31 ms, flip angle 90°, matrix size 64�64, field of view
2�22 cm2, repetition time�3 s). Forty contiguous axial slices (3
m thickness) covering the whole brain were acquired. A total of
40 scans were recorded for each participant in a single session,
ith the first five volumes subsequently discarded to allow for T1
quilibration effects. The data were analyzed using a general

inear model in SPM5 (Wellcome Department of Imaging Neuro-
cience, London; http://www.fil.ion.ucl.ac.uk/spm) implemented in
ATLAB 6.5. Individual scans were realigned and unwarped, slice

ime-corrected, normalized to a standard SPM5 template based
pon the Montreal Neurological Institute (MNI) reference brain
Evans et al., 1993), and spatially smoothed by a 6 mm isotropic
aussian kernel using standard SPM methods. The voxel dimen-
ions of each reconstructed scan were 2�2�2 mm3 in the x, y and
dimensions, respectively.

Population inference was made through a two stage proce-
ure. At the first level, a subject-specific analysis was specified,
here the BOLD response for each voxel and emotional condition

negative, neutral, positive) were modelled by a boxcar waveform
onvolved with a canonical hemodynamic response function plus
emporal and dispersion derivatives. Rest condition served as
aseline. Statistical parametric maps of the t-statistic (SPM[t])
ere generated for each subject and emotional condition, and the
ontrast images were stored. These contrast images were then
moothed by an 8 mm isotropic Gaussian kernel. In a second level
andom effects analysis, we used a repeated-measures analysis
f variance (ANOVA) model on emotion (three levels: negative,
eutral, positive) in order to detect the exact clusters in which the
ffect of this factor was significant (voxel-level significance thresh-
ld for the F contrast: P�0.025, false discovery rate—FDR—
orrection; only clusters with a minimum of 50 voxels activated at
statistical threshold were reported). Anatomical location of the

ignificant activations required a transformation from MNI space (in
hich SPM5 solutions are provided) to Talairach space prior to

ntroducing coordinates in the Talairach Daemon Client (Lancaster et
l., 2000; http://ric.uthscsa.edu/projects/) to obtain their anatomical
orrespondence. To this end, the Brett non-linear transforms were
mployed (http://www.mrc-cbu.cam.ac.uk/Imaging/Common/
nispace.html).

In a third step, we carried out post hoc pairwise contrasts to
pecify which of the three levels of factor Emotion (negative, neutral,
ositive) accounted for the effects detected by the F contrast. To that
im, t-statistic maps within the ANOVA model just described were
arried out for negative�neutral, negative�positive, positive�
eutral and positive�negative contrasts. For these t contrasts, a
mall volume correction (SVC; voxel-level significance threshold:
�0.025, FDR corrected) with a sphere of 10 mm radius was

arried out according exclusively to the coordinates corresponding

http://www.uam.es/carretie/grupo/striatum09.htm
http://www.uam.es/carretie/grupo/striatum09.htm
http://www.uam.es/carretie/grupo/striatum09.htm
http://www.uam.es/carretie/grupo/striatum09.htm
http://www.fil.ion.ucl.ac.uk/spm
http://ric.uthscsa.edu/projects/
http://www.mrc-cbu.cam.ac.uk/Imaging/Common/mnispace.html
http://www.mrc-cbu.cam.ac.uk/Imaging/Common/mnispace.html
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ith those striatal clusters presenting suprathresholds levels in the
NOVA map, if any. Finally, regression analyses were planned to

est the association of relevant clusters with valence and arousal
ssessments given by participants themselves to pictures, and the
elationship between striatal and non-striatal clusters showing
ensitivity to factor Emotion.

RESULTS

emodynamic data

s explained in section on data analysis, we first made an F
ontrast map on factor Emotion (three levels: negative, neu-
ral, positive) in order to detect those brain areas sensitive to
he emotional content of the stimulation. Specific details of
he anatomical location of these clusters are provided in
able 1, Fig. 1. As may be observed, striatum, concretely the
audate nucleus, was sensitive to factor Emotion. Subse-
uently, and as also explained in section on data analysis, we
ested the extent to which these differences could be attrib-
ted to each particular emotional content. With this aim, post
oc pairwise Student’s t contrasts were carried out for
egative�neutral, negative�positive, positive�neutral and
ositive�negative contrasts, only in those striatal clusters in
hich the F contrast revealed significant effects of the

actor Emotion. They revealed that both negative�neutral
nd negative�positive contrasts yielded significant effects

n these clusters. The positive�neutral contrast did not
how any significant activation. Fig. 2 shows bar diagrams
epresenting the average level of activation of striatal clus-
ers in each condition. Whether the observed pattern was
xplained by valence or by arousal of pictures was ex-
lored via regression analyses (described below).

As may be observed in Table 1, Fig. 1, areas other
han striatum also showed sensitivity to factor Emotion. In
eneral, a greater activity in response to negative stimuli
as observed in them, as revealed by post hoc analyses.
owever, since the main scope of this experiment was to
tudy the striatal behavior in response to emotional pic-
ures, only those non-striatal areas showing significant
ssociation with caudate activation were relevant. To de-
ect them, multiple regression analyses were carried out
described below).

ehavioral data

s explained in the Methods section, each participant filled
ut a bidimensional scaling test for each picture after the
ecording sessions, assessing their valence and their
rousal level. Analyses on these assessments given by
articipants were carried out in order to confirm, firstly, that
heir affective valence was that which was assumed a
riori, and secondly, that positive and negative pictures
ere balanced with respect to their arousal. Table 2 shows

he means and standard error of means of both dimen-
ions for each type of image. One-way repeated-measures
NOVAs were computed for the valence and arousal as-
essments, using Stimulus (three levels: negative, neutral
nd positive) as factor. The Greenhouse–Geisser (GG)
psilon correction was applied to adjust the degrees of
reedom of the F ratios. Post hoc comparisons were made

o determine the significance of pairwise contrasts, using a
he Bonferroni procedure (alpha�0.05). ANOVAs yielded
ignificant differences in both valence (F(2,34)�312.95,
G-corrected P�0.001) and arousal (F(2,34)�55.86, GG-

orrected P�0.001). Post hoc contrasts indicated that neg-
tive and positive stimuli showed different valences but not
ifferent arousal levels. Negative and positive differed from
eutral in both arousal and valence.

As previously indicated, the categorization task em-
loyed in the present experiment (red versus green
rosses) was indirect (i.e., orthogonal to the focus of the
tudy), and was used with the aim of maintaining the
ttention level and to prevent cognitive, task-related inter-
erences (see Introduction). Thus, accuracy rate (i.e., cor-
ect button presses) and reaction times (RTs) for correct
nswers were analyzed in order to control whether level of
ontrolled (top-down) attention differed in any of the three
motional categories, which could constitute cognitive in-
erference. A repeated-measures ANOVA using the GG
psilon correction to adjust the degrees of freedom of the
ratios was again applied to the factor Stimulus (three

evels; negative, neutral and positive), this time with re-
pect to RTs and accuracy rate in the indirect task. Results
ere non-significant for both RTs and accuracy rate

P�0.05). Table 2 shows mean behavioral performance in
he task for each emotional category.

egression analyses

s already indicated, the extent to which caudate activation
as associated with valence and arousal assessments given
y participants to pictures was explored. Although Student’s
contrasts described above suggest a stronger valence than
rousal effect, since the negative�positive contrast was sig-
ificant, additional analyses were necessary to test this hy-
othesis. To that aim, two types of regression analyses were
erformed using mean parameter estimates of those peak
audate voxels that had showed sensitivity to factor Emo-
ion (see Table 1) as the dependent variable and both
alence and arousal as independent variables. First, linear
ultiple regression analyses were carried out following the
nter procedure. No significant associations were ob-
erved (P�0.05 for both valence and arousal). Secondly,
egression analyses following a quadratic model were also
arried out since a curvilinear, U-shaped function, appears
o fit the observed effects (see Fig. 2). Indeed, a significant
ssociation was observed in the case of valence (R2�
.117, F(2,51)�3.365, P�0.05), but not in the case of
rousal (P�0.05). As may be appreciated in Fig. 3, nega-
ive valence was associated with the highest striatal acti-
ation. However, the U-shaped quadratic function signifi-
antly associating valence and caudate activation reveal
ertain influence of arousal, since the lowest caudate re-
ponse was elicited by neutral (low arousing) pictures.

Finally, multiple linear regression analyses using the
nter procedure were also performed to detect those non-
triatal areas whose activity was significantly associated
ith that of caudate nucleus. Again, mean parameter es-

imates of caudate voxels showing significant effects of
motion were the dependent variable. Independent vari-

bles consisted of the mean parameter estimates at those



Table 1. Clusters where F(2,51) contrasts on factor Emotion (three levels: negative, neutral, positive) showed significant effects

Significant clusters grouped by regions MNI Talairach Voxel Voxel Voxel Post-hoc t contrasts (SVC, FDR P�0.025)

x {mm} y {mm} z {mm} x (mm) y (mm) z (mm) F p (FDR-cor) equivZ Neg�Neu? Neg�Pos? Pos�Neu? Pos�Neg?

STRIATUM
Caudate body �18 �2 24 �18 �1 22 11.98 0.008 3.87 yes yes no no
Caudate body 16 4 18 16 5 16 13.52 0.004 4.11 yes yes no no
Caudate body 14 �8 22 14 �7 21 12.87 0.006 4.01 yes yes no no

Other areas
Amygdala

Amygdala 20 0 �24 20 �1 �20 12.9 0.006 4.02 yes yes no no
Prefrontal cortex (**)

Frontal lobe, middle frontal gyrus,
BA 11

�44 44 �12 �44 42 �12 11.47 0.010 3.78 yes yes no no

Frontal lobe, inferior frontal gyrus,
BA 47

�32 34 �18 �32 32 �17 11.63 0.010 3.81 yes no no no

Frontal lobe, inferior frontal gyrus,
BA 46

�52 44 2 �51 43 0 10.52 0.016 3.62 yes yes no no

Visual cortex
Cuneus

Occipital lobe, lingual gyrus, BA 18 �8 �80 �14 �8 �78 �8 27.6 0.000 5.66 yes no yes no
Occipital lobe, lingual gyrus, BA 18 12 �82 �20 12 �80 �13 22.52 0.000 5.2 no yes yes no
Occipital lobe, middle occipital

gyrus, BA 18
22 �96 6 22 �93 10 22.39 0.000 5.19 yes no yes no

Ventral
Temporal lobe, middle temporal

gyrus, BA 37
�56 �44 �10 �55 �43 �6 13.46 0.004 4.1 yes yes no no

Dorsal (*)
Parietal lobe, supramarginal gyrus,

BA 40
�64 �58 42 �63 �54 41 10.82 0.014 3.67 no yes no no

Only those clusters with a minimum of 50 voxels activated at a statistical threshold (P�0.025, FDR corrected) are reported.
Both original MNI and corrected-to-Talairach spatial coordinates are provided.
In grey, columns indicating, for each cluster, whether pairwise post hoc t contrasts (SVC procedure, P�0.025, FDR corrected) yielded significant differences. Non-striatal clusters showing

significant association with caudate activation are marked with asterisks (* P�0.01; ** P�0.001).
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on-striatal peak voxels that had showed sensitivity to
actor Emotion (Table 1). Prefrontal and cuneus voxels
ere grouped through averaging. Prefrontal (beta�0.625,

ig. 1. Brain clusters where F(2,51) contrasts on factor Emotion (Posit
f 50 voxels activated at a statistical threshold (P�0.025, FDR correc
o factor Emotion. Top row: clusters represented within a cristal brai
emplate (Montreal Neurological Institute, MNI). For interpretation of t
ersion of this article.

ig. 2. Mean parameter estimates (beta values; error bars represent
tandard error of means) of peak voxels within striatal regions showing
ensitivity to factor Emotion (see Table 1) in response to each type of

rial. For interpretation of the references to color in this figure legend,
he reader is referred to the Web version of this article. o
�0.001) and dorsal visual (beta�0.285, P�0.01) peak
oxels showed significant association with caudate activa-
ion (R2�0.586, F(5,48)�13.587, P�0.001). Fig. 4 shows
ar diagrams representing the average level of activation
f prefrontal and dorsal visual clusters in each experimen-
al condition.

DISCUSSION

he present results reveal that the striatum role in affective
rocessing is far from being exclusively related to positive
ffect or reward. Indeed, it showed greater activation in
esponse to negative than in response to neutral images.
s indicated in the Introduction, although the striatum is
sually out of the focus of interest in the study of brain
esponses to unpleasant stimulation, studies exist showing
nhanced activity of nucleus accumbens, putamen and
audate nucleus to negative events (Bingel et al., 2004;

al, Negative) showed significant effects. Only clusters with a minimum
represented. As may be appreciated, caudate nucleus was sensitive

row: clusters superimposed onto sections of a standard anatomic
nces to color in this figure legend, the reader is referred to the Web

able 2. Means and standard error of means (in parentheses) of
alence (1, negative to 5, positive) and arousal (1, calming to 5,
rousing) assessments given by the 18 participants to the three types
f stimulation (neutral, negative, and positive)

Valence Arousal RTs (ms) Accuracy rate
(from 0 to 1)

eutral 3.08 (0.04) 3.04 (0.04) 723.12 (29.69) 0.99 (0.006)
egative 1.60 (0.07) 4.27 (0.11) 727.01 (31.60) 0.97 (0.014)
ositive 4.36 (0.01) 3.90 (0.11) 724.62 (29.67) 0.96 (0.008)

Reaction times (RTs; in milliseconds) and accuracy rate defined as
he hits/number of trials ratio (0 to 1), are also provided for each type
ive, Neutr
ted) are
n. Bottom
f trial.
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evita et al., 2009; Roiser et al., 2007). Interestingly, stri-
tal activation elicited by negative pictures was also sig-
ificantly greater than that elicited by positive pictures.

An important question explored in this study was to
etermine whether the observed effects were explained by
alence or by arousal dimensions. Although negative pic-
ures elicited higher striatal activity than positive, suggest-
ng an effect of valence (arousal assessments for negative
nd positive pictures were not different in statistical terms),
egression analyses indicated that arousal seems to con-
ribute to the observed differences. Indeed, a U-shaped
elationship between valence and striatal activation was
ound, caudate activation being lower in middle (neutral)
alues of valence, also characterized by lower arousal.

ig. 3. Curvilinear adjustment provided by regression analysis follow-
ng a quadratic model. In this case, the dependent variable consisted
f mean parameter estimates (beta values) of peak voxels within
triatal regions showing sensitivity to factor Emotion (see Table 1). The
ndependent variable was the mean valence assessment provided by
ach subject to each type of stimuli (negative in red, positive in green,
eutral in white). Number of cases: 54 (18 subjects�3 types of pic-
ures). For interpretation of the references to color in this figure legend,
he reader is referred to the Web version of this article.

ig. 4. Mean parameter estimates (beta values; error bars represen

egions showing sensitivity to factor Emotion (see Table 1) in response to each
egend, the reader is referred to the Web version of this article.
he valence/arousal synergic effect is evident if we take
nto account the asymmetry of this U-shape: the “negative”
rm of the “U” is taller than the “positive” one: Fig. 3. A
imilar valence-arousal interaction in the neural response
o emotional stimuli has been observed in key structures
nvolved in emotion processing such as the amygdala.

hile some studies report an arousal mediated, U-shaped
unction, in response to olfactory (Anderson et al., 2003),
ustative (Small et al., 2003) and visual stimuli (Hamann et
l., 2002; Said et al., 2009; Stark et al., 2005; Winston et
l., 2007), others describe clear valence effects, negative
vents eliciting greater amygdala activation than neutral
nd positive (e.g., Isenberg et al., 1999; Straube, 2004,
008). If a double valence-arousal influence is assumed in
uch a way that arousing stimuli tend to elicit greater
ctivation, being maximal in response to arousing-negative
vents, then these results may be compatible and may fit
n asymmetrical U-shaped model of valence influence.

Specifically, the caudate nucleus was the structure
howing these effects. Previously, Roiser et al. (2007)
eported enhanced caudate activity in response to nega-
ive words as compared to the activity elicited by neutral
nd positive words in anxious subjects. The present re-
ults, using pictures instead of words, confirm the caudate
ensitivity to negative visual stimuli in a normal sample.
nterestingly, no significant effects were observed in nu-
leus accumbens, despite previous experiments have
hown sensitivity of this structure to affective pictures
Stark et al., 2005; Ponseti et al., 2006; Walter et al., 2008).
articularly, these studies have shown greater activity of
ucleus accumbens to sexually intense pictures than to
on-sexual pictures (positive, negative or neutral). The

ack of effects in the present experiment may be due to the
act that only three out of the eighteen positive pictures
mployed were erotic, their sexual content/explicitness be-

ng soft. Moreover, the experimental design of the present
ask is also quite different from those employed in the
bove mentioned experiments. In any case, the effect of

d error of means) of peak voxels within prefrontal and dorsal visual
t standar

type of trial. For interpretation of the references to color in this figure
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ifferent types of appetitive stimuli on nucleus accumbens
s worth to be further explored in future experiments.

Two non-striatal areas of the brain showed patterns of
esponse significantly associated with that observed in the
audate nucleus. One of them was the dorsal visual cortex,
oncretely, the inferior parietal lobule (IPL). In line with our
esults, data exist showing enhanced rostral IPL activation
hen negative (pain-related) stimulation is presented to
uman subjects (Benuzzi et al., 2008; Botvinick et al.,
005; Lloyd et al., 2006) or to monkeys (Dong et al., 1994;
ostral IPL, or BA40 in humans, corresponds to the supra-
arginal gyrus, and is sometimes referred to as PF and, in
on-human primates, also as 7b). The IPL receives visual

nputs from the occipital cortex, and, interestingly, projects
o caudate (Weber and Yin, 1984; Yeterian and Pandya,
993). The other brain area whose activity was signifi-
antly associated with that of caudate nucleus was ven-
ral–lateral prefrontal cortex. Caudate receives inputs from
he ventral prefrontal cortex (Cavada et al., 2000; Ongür
nd Price, 2000), which has also shown intense responses
o negative pictures (see a review in Carretié et al., 2009).
hese interconnections are in agreement with models pro-
osing that the striatum is the first station of the main
ubcortical output system of the emotional brain (Rolls,
000) and that is able to activate motor programs (some of
hem innate) such as those associated with emotional
xpressions or withdrawal behaviors (Grillner et al., 2005).

The indirect nature of the present task facilitated that
he observed effects were mainly due to the emotional
ontent of pictures rather than to interfering cognitive fac-
ors. Indeed, several studies have shown that neural ac-
ivity is deeply dependent on the direct or indirect nature of
he task and that some brain areas show enhanced acti-
ation only when explicit instructions of the task are di-
ected to the emotional content of the picture (Pessoa et
l., 2002; Straube et al., 2004; Vuilleumier et al., 2001;
illiams et al., 2005). When this occurs, the possibility that

he observed effects are due to cognitive factors such as
he “relevance-for-task-effect” or cognitive saliency may
ot be discarded (Carretié et al., 2006; Duncan-Johnson
nd Donchin, 1977; Straube et al., 2004). As explained in
he Introduction, this cognitive effect reflects a bias to-
ards stimuli which are considered by participants as more

mportant than others for the experimental task (e.g., emo-
ional, salient stimuli, more important for an experiment on
motional reactions than neutral ones). Emotional indirect
asks such as the one employed here facilitate that rele-
ance for the task is equally distributed across conditions,
o differences in neural activity would be mainly due to the
ffective content of stimuli.

SUMMARY

n sum, the striatum, and particularly the caudate nucleus,
s worth exploring in emotional stimulation studies along
ith “traditionally” analyzed areas such as the amygdala,

he visual cortex or ventral prefrontal cortex. Particularly,
ts intense response to negative pictures is a relevant

nding that complements its well-known association with
ositive affect and reward and that requires further re-
earch. Experimental designs involving indirect tasks,
motional pictures, sustained stimulation and motor de-
ands appear to constitute useful tools to explore the
ffective functions of striatum.
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APPENDIX

timuli used in the present experiment listed by their code in the
nternational Affective Picture System (IAPS; Lang et al., 2005).

eutral Negative Positive

190 1030 1463
383 1111 2071
393 1120 2345
493 1205 2352
575 1270 4659
535 1274 4660
006 1301 4677
009 1930 5621
035 1932 7282
041 2399 7330
090 6010 7400
161 6190 8041
179 6213 8185
185 6241 8200
186 6370 8210
190 6561 8370
211 9280 8490

235 9621 8496
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