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Abstract

This fMRI study investigates neural activity associated with the interfering effects of emotional
distracters. While in the scanner, participants made simple motor responses to target stimuli that were
preceded and followed by positive, negative, or neutral images. Despite instructions to disregard the
pictorial images, participants were slower to respond in the presence of positive or negative relative
to neutral distracters, and significantly slower for negative relative to positive distracters. Enhanced
activity inthe amygdala and visual cortex was evident during trials that included positive and negative
distracters. In contrast, increased activity in inferior frontal gyrus (BA 47) was only observed during
trials that involved negative distracters. Connectivity analysis showed that activity in right amygdala
correlated with activity in cingulate gyrus, posterior cingulate, middle temporal cortex, and was
negatively correlated with activity in lateral superior frontal gyrus, middle frontal/orbital gyrus, and
parietal cortex. The pattern of neural activity observed was interpreted within the framework of
current cognitive models of attention. During a task demonstrating behavioural interference in the
context of emotional distracters, increased activity in neural regions implicated in emotional
processing (the amygdala) was associated with reduced activity in regions thought to be involved in
exerting attentional control over task-relevant sensory representations (a frontoparietal network).
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Introduction

The ability to quickly orient attention to positive or negative emotional cues can enhance a
range of complex behaviours. However, an unhealthy preoccupation with emotional cues can
hinder functioning. For example, a cognitive bias for negative material is thought to contribute
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to mood and anxiety disorders (Beck etal., 1979; Mathews & Macleod, 1994; Bradley & Mogg,
1994). At the other end of the spectrum, impoverished processing of emotional material is seen
as a key feature of psychopathic disorder (Blair, 2004; Hare, 1991; Mitchell et al., 2006).
Adaptive responding therefore requires striking a balance between attending to emotional
representations when they are relevant, and minimizing their influence when they are not.
However, we know relatively little about the neural regions involved when goal-directed
behaviours are influenced by negative distracters. Even less is known about the neurocognitive
systems important for regulating the impact of positive distracters. One method of indexing
the level of interference generated by emotional distracters on goal-directed behaviour is
through the use of the “Emaotional Interrupt Task,” which measures the impact of irrelevant
emotional stimuli on the speed of operant responding. The purpose of the present study was
to pair this task with fMRI to delineate the neural activity associated with operant responding
influenced by positive and negative distracters. Specifically, we examined whether there would
be an antagonistic relationship between neural activity associated with emotional versus
executive processes.

The biased competition model of attention predicts a common neurocognitive pathway for the
emotional interference of simple operant behaviour, and that of more complex forms of
executive function (e.g., memory or cognitive control). This model suggests that attending to
one stimulus or class of stimuli decreases the availability of cognitive resources available for
others (Desimone & Duncan, 1995). In this way, stimuli compete for neural representation and
control over behaviour. Stimuli that are relevant to ongoing behaviour can be “selected” for
processing through the influence of executive attention mechanisms, thereby reducing the
impact of distracters. However, other factors such as stimulus salience or emotion also play a
role in selection. The competitive advantage that emotional stimuli have for attention is thought
to result from reciprocal functional connections between the amygdala, occipital, and temporal
cortices (Morris et al., 1998; Pessoa et al., 2002; Vuilleumier et al., 2004). Specifically, the
amygdala is thought to be activated by valenced stimuli, and subsequently to strengthen the
representation of emotional stimuli in sensory representation areas of temporal and occipital
cortex (Morris et al., 1998; Pessoa et al., 2002; Vuilleumier, 2005).

The Emotional Interrupt task provides a test of the biased competition model in that it involves
operant responding that can be influenced by both emotional processes, and top-down
executive attention processes. The data concerning the impact of emotional distracters on
behaviour has largely been derived from studies involving two behavioural paradigms: 1) tasks
involving the emotional interference of executive function (i.e., higher order cognitive function
such as working memory or Stroop task performance); and 2) “conditioned suppression”
paradigms. With regard to the impact of emotion on executive function, it has been shown that
the presentation of a CS+ that predicts an aversive auditory stimulus interferes with executive
task performance (Salgado et al., 2000). At the neural level, increased amygdala activity and
decreased lateral prefrontal and parietal cortex activity is associated with the emotional
interference of working memory (Dolcos & McCarthy, 2006). Interference of Stroop task
performance by positive and negative distracters is associated with increased amygdala activity
and compensatory recruitment of a frontopolar region of middle frontal cortex (Blair et al.,
2007). Studies have also shown that increased processing load reduces emotional distracter-
related activity in the amygdala, superior temporal gyrus, and ventromedial prefrontal cortex
(Mitchell et al., 2007; Pessoa et al., 2005). Taken together, these studies suggest that an
antagonistic relationship exists between regions of prefrontal cortex and the amygdala.
However, relatively little work has specifically tested this. Furthermore, whereas these studies
explore the impact of emotion on more complex executive operations, less is known at the
neural level about how emotion interferes with more basic forms of operant behaviour.
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Conditioned suppression paradigms model the interference of basic operant behaviour by
emotional stimuli. Early studies demonstrating conditioned suppression revealed that
presenting a conditioned stimulus (CS+) predicting shock interferes with operant responding
in rats (Bouton & Bolles, 1980; Estes & Skinner, 1941). Conditioned suppression is neurally
dissociable from freezing. Lesions of the periaqueductal gray area impair freezing, but not
conditioned suppression (Amorapanth, Nader, & Ledoux, 1999). However, lesions of the
amygdala do interfere with conditioned suppression (Killcross et al., 1997; Lee et al., 2005).
Furthermore, whereas freezing occurs in response to threatening or aversive stimuli (Blanchard
etal., 1977), conditioned suppression also occurs to a CS+ that predicts a rewarding outcome
(Schindler et al., 1999). Although the interference of operant behaviour by complex emotional
stimuli has been demonstrated behaviourally in humans (Hartikainen, Ogawa, & Knight,
2000; Mitchell et al., 2006; Tipples & Sharma, 2000), its neural correlates remain unclear.

The current fMRI study involves a laboratory task that, like measures of conditioned
suppression used in animal studies, uses emaotional distracters to interfere with basic goal-
directed behaviour. In line with current models of attentional competition (Desimone &
Duncan, 1995), and cognitive control (Botvinick et al., 2004), we predicted that positive and
negative distracters would activate the amygdala, be more strongly represented in sensory
representation areas, and interfere with operant behaviour. We also predicted that a mutually
antagonistic relationship (negative connectivity) would exist between activity in regions
implicated in attributing emotional salience to stimuli (i.e., the amygdala), and those thought
to be involved in attentional selection (i.e., lateral prefrontal cortex and parietal cortex).

Twenty-one subjects took part in the study. Data from two subjects were discarded due to head
movement greater than 4mm; consequently, data were analyzed from nineteen healthy adults
(9 women) with a mean age of 26.37 (aged 21 to 44; standard deviation 5.96). All subjects
granted informed consent, were in good health, and had no past history of psychiatric or
neurological disease as determined by a medical exam performed by a licensed physician. The
study was approved by the National Institute of Mental Health Institutional Review Board.

MRI data acquisition

Subjects were scanned during task performance using a 1.5 Tesla GE Signa scanner. Functional
images were taken with a gradient echo-planar imaging (EPI) sequence (repetition time = 2500
ms, echo time = 40 ms, 64 x 64 matrix, flip angle 90°, FOV 24 cm). Whole brain coverage
was obtained with 29 axial slices (thickness, 4-mm; in-plane resolution, 3.75 x 3.75 mm). A
high-resolution anatomical scan (three-dimensional Spoiled GRASS; repetition time = 8.1 ms,
echo time = 3.2 ms; field of view = 24 cm; flip angle = 20°; 124 axial slices; thickness = 1.0
mm; 256 x 256 matrix) in register with the EPI dataset was obtained covering the whole brain.

Emotional Interrupt task and experimental procedure

Figure 1 depicts the trial structure and conditions of the Emotional Interrupt Task. In this event-
related study, subjects completed a total of three 5 minute runs presented in counterbalanced
order. The task was programmed using E-Prime software (Schneider et al., 2002). Within each
run, subjects were presented with a separate version of the Emotional Interrupt task (which
differed only in the visual stimuli used to minimize habituation). The subjects were placed in
a light head restraint within the scanner to limit head movement. Before entering the scanner,
subjects performed a 40-trial training run consisting of four neutral IAPS stimuli that were not
included in the experimental runs. A total of 36 positive, 36 negative and 36 neutral images
were used taken from the International Affective Picture System (IAPS; Lang et al., 2005).
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The IAPS is a large set of normative emotional pictorial stimuli for experimental investigations
of emotion and attention. The IAPS provides normative 9-point ratings from a large sample of
healthy adults on the dimensions of pleasantness (higher scores corresponding to greater
pleasantness) and arousal (higher scores corresponding to greater arousal; Lang et al., 2005).
The images were selected on the basis of these normative ratings. The mean pleasantness
ratings for negative, neutral, and positive images were 2.80, 4.87, and 7.19 respectively. This
difference was statistically significant (F(2,105) = 417, p < 0.001); negative < neutral <
positive, p < 0.001). The mean arousal ratings for negative, neutral, and positive images were
5.98, 2.81, and 5.40 respectively. This difference was also statistically significant (F(2,105) =
154; p < 0.001; negative > positive > neutral, p < 0.005).

The task consisted of 7 total conditions: three response-with-distracter conditions (positive,
negative and neutral images), 3 image-only conditions (positive, negative, and neutral images),
and one response-only condition. Response-with-distracter trials consisted of sequential
presentations of a fixation cross for 550 ms, a positive, negative or neutral IAPS image for 200
ms, a small circle or square printed on a grey background for 150 ms, the same IAPS image
that preceded the shape for 400 ms, and a blank screen for 1200 ms. Image-only trials consisted
of a fixation point (550ms), a positive or negative IAPS image (200ms), another fixation point
(150ms), the same IAPS image that preceded it, and a blank screen (1200ms). These stimulus
timings were selected in the course of pilot testing. Each condition consisted of 36 trials lasting
2500m:s for a total of 252 trials presented in random order. The task was broken up into three
runs of equal length. Participants were instructed to respond as quickly as possible with the
left button to the small circles, and the right button to the squares. Speeded responding was
emphasized, and participants were instructed not to respond to the images in any way. The
stimuli were presented on a Dell Inspiron laptop computer display projected onto a mirror
through a data projector onto a screen that could be seen by the subject through mirrors
positioned above the coil of the MRI scanner. Subjects were able to respond with right and left
button presses during either the second image or the blank period. All other responses were
not recorded.

Regressors were time-locked to the course of the entire trial (2500 ms). In addition to the test
stimuli, 63 fixation trials were presented per block to serve as a baseline. Each 1APS stimulus
was repeated twice (once in the experimental condition, and once in the control condition); the
order of the test stimuli was randomized across blocks. At the beginning and end of each run
a fixation cross was displayed for 15 s.

FMRI analysis

Data were analyzed within the framework of the general linear model using Analysis of
Functional Neuroimages (AFNI) (Cox, 1996). Both individual and group-level analyses were
conducted. The first six volumes in each scan series, collected before equilibrium
magnetization was reached, were discarded. Motion correction was performed by registering
all volumes in the EPI dataset to a volume collected shortly before acquisition of the high-
resolution anatomical dataset. The EPI datasets for each subject were spatially smoothed (using
an isotropic 6mm Gaussian kernel) to reduce the influence of anatomical variability among the
individual maps in generating group maps. Next, the time series data were normalized by
dividing the signal intensity of a voxel at each time point by the mean signal intensity of that
voxel for each run and multiplying the result by 100. Resultant regression coefficients
represented a percent signal change from the mean. Following this, regressors depicting each
of the seven trial types were created by convolving the train of stimulus events with a gamma-
variate hemodynamic response function to account for the slow hemodynamic response
(Cohen, 1997). Linear regression modeling was performed fitting the BOLD response to the
seven regressors of interest described above. To control for voxel-wise correlated drifting, a
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baseline plus linear drift and quadratic trend were modeled in each voxel’s time series. This
produced for each voxel and each regressor, a beta coefficient and its associated t-statistic.
Voxel-wise group analyses involved transforming single subject beta coefficients into the
standard coordinate space of Talairach and Tournoux (Talairach & Tournoux, 1988) followed
by a 2(Operant response: response-with-distracter versus image-only conditions) X 3(Emotion:
negative, neutral and positive) ANOVA on the imaging data. For the main effects, regions
significantly active at a threshold of p < 0.001 were examined as were regions showing an
interaction at a level of p < 0.005. To correct for multiple comparisons we performed a spatial
clustering operation using AlphaSim (Ward, 2000) with 1,000 Monte Carlo simulations taking
into account the entire EPI matrix (p <0.05). A subset of clusters showing significant
differential activation for each main effect (p < 0.001, for operant response and emotion) and
the interaction (p < 0.005) were selected according to a priori predictions about the regions
involved in the representation or manipulation of operant responding and emotion. These
clusters were used to define functional regions of interest (ROISs). In addition, a priori
predictions about the involvement of the amygdala in the modulation of attention by emotion
justified the use of an ROI approach to investigate activation within this region. Thus,
standardized bilateral ROls of the amygdala (identified using a predefined AFNI template)
were applied to the data. Following this, areas of significant differential activation within the
template were sampled, resulting in a ROl encompassing only significant activation within the
right amygdala (p < 0.005).

Connectivity Analysis—We measured functional connectivity by examining covariation
across the whole brain with the activation within a functionally-defined ROI. This analysis
examines how the BOLD within a specified seed region correlates with activity in the rest of
the brain, across all conditions. Each individual subject’s time series was converted to common
Talairach space according to their structural data set. Within our primary ROl within the
amygdala, the voxel with the peak signal change for the main effect of emotion was identified
across subjects. This voxel with peak signal change became our “seed” voxel, and the time
series within it was extracted. Baseline plus linear and quadratic trend were modeled in each
voxel’s time series to control for voxel-wise correlated drifting. The global signal (average
signal across the whole brain) was used as a covariate in the correlation analysis to control for
global drifting. A voxel-wise correlation analysis was conducted between each individual
voxel’s time series and that of the identified seed. The proportion of the variation in the signal
that could be explained by the correlation with the seed was determined by squaring the
resulting correlation coefficient. Correlation coefficients were converted to a Gaussian variable
using a Fisher transformation formula in order to reduce the skew and normalize the sampling
distribution. To identify regions significantly positively or negatively correlated with the target
voxel at group level, a one-sample t-test was performed on the transformed correlation
coefficients (p < 0.005).

Behavioural Results

Response Latency and Error Data—Repeated-measures ANOVAs were conducted on
the reaction time and error data. The reaction time analysis revealed a significant main effect
of condition (F(3,54) = 11.02; p < 0.001). Subsequent planned pair-wise comparisons revealed
that participants responded significantly more slowly for positive (p = 0.05) and negative (p <
0.001) stimuli than neutral stimuli. Further, mean reaction time to target stimuli temporally-
flanked by negative stimuli was significantly slower than those presented with positive stimuli
(p <0.05). In contrast, the mean reaction time for neutral versus response-only conditions was
not significant (p = 0.23). A repeated-measures ANOVA conducted on the error data revealed
no significant main effects or interactions.
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fMRI Results

Main Effect of Operant Response—A significant main effect of operant response was
observed in medial frontal/cingulate gyrus, motor cortex, parietal cortices, caudate, and
cerebellum (p < 0.001; p < 0.05 corrected for multiple comparisons). In each case, activity was
greater during the response versus view-only conditions. Table 1 provides a summary of all
regions showing significant main effects and interaction of the operant response and emotion
conditions. Figure 2 shows activity in regions significantly modulated by operant response.

Main Effect of Emotion—A significant effect of emotion (p < 0.001; p < 0.05 corrected)
was revealed bilaterally in inferior frontal gyrus (ventrolateral prefrontal cortex, BA 47),
lentiform nucleus extending to the amygdala (lentiform nucleus/amygdala), and middle
occipital gyrus. Inferior frontal gyrus showed significantly greater activity bilaterally to
negative relative to positive or neutral stimuli (p < 0.05). Pair-wise comparisons of the percent
signal change data reveal that the main effect of emotion in the occipital gyri and right lentiform
nucleus/amygdala was characterized by greater activity in the presence of negative and positive
relative to neutral stimuli (p <0.05). Figure 3 shows bilateral activity and percent signal change
across conditions in inferior frontal gyrus and middle occipital gyrus.

An ROI approach was used to investigate percent signal change restricted to an anatomically-
defined area of right amygdala across conditions. The ROI consisted of all voxels within the
right amygdala that showed a main effect of emotion (p < 0.005). Significantly active voxels
outside of right amygdala were excluded. Figure 4 shows an axial slice of this ROl and its
percent signal change across conditions. Pair-wise comparisons of the percent signal change
revealed significantly greater activity within right amygdala to both positive and negative
stimuli relative to neutral stimuli (p < 0.01). Furthermore, this activity was significantly greater
for negative than for positive distracters (p < 0.05).

Response by Emotion Interaction—A significant interaction was observed in right
inferior parietal lobule (p <0.005). When participants engaged in the response-with-distracters
conditions, activity was greatest for positive stimuli and least for negative stimuli. However,
during image-only trials, activity was greatest to negative stimuli, and least to positive stimuli.
Thus, the BOLD response in right inferior parietal cortex was higher to positive than negative
stimuli only in the context of performing an operant response. In contrast, activity in this region
was highest to negative stimuli only in the absence of an operant stimulus. Activity in this
region to neutral distracters remained the same regardless of whether operant stimuli were
present. The response by emotion interaction is depicted in Figure 5.

Connectivity Analysis—Functional connectivity is a measure of significant correlated
activity between a target neural region or voxel and the whole brain. The analysis examines
correlated activity across the entire task irrespective of condition, and therefore provides an
additional test of hypotheses concerning functional connectivity. Based on our interest in the
amygdala as a critical source for augmenting the representation and effects of positive and
negative distracters, we chose the voxel of peak intensity within the amygdala region as our
“seed.” The voxel with peak intensity was located in the right amygdala. Activity in right
amygdala was positively correlated with activity in middle temporal cortex, cingulate gyrus,
extended amygdala, cuneus, and posterior cingulate (p < 0.005). Activity in right amygdala
was negatively correlated with activity within areas of lateral superior frontal gyrus, middle
frontal/orbital gyrus, parietal cortex, occipital gyrus, angular gyrus, and culmen (p < 0.005).
Table 2 and Figure 6 provide a summary of the regions showing significant positive and
negative connectivity with the amygdala.
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Discussion

The present study examined neural activation associated with the emotional interference of
goal-directed behaviour. This task has been shown to differentiate behaviourally between
groups of patients with psychopathic disorder (i.e., a disorder involving reduced empathy) and
incarcerated controls (Mitchell et al., 2006). Operant responding was associated with increased
BOLD signal change in motor cortex, caudate, and areas implicated in attention including the
medial frontal/cingulate gyrus and parietal cortex. A main effect of emotion was observed in
the inferior frontal gyrus (BA 47), right amygdala, and occipital gyri. This effect was
characterized by enhanced activity in middle occipital gyrus, and the right amygdala in the
presence of positive and negative relative to neutral distracters. Inferior frontal gyrus showed
increased activity only to negative images. An area of inferior parietal cortex showed a response
by emotion condition interaction characterized by greater activity in the presence of negative
relative to neutral or positive images during distracter-only conditions, and the opposite pattern
of activity whilst engaging in response-with- distracter conditions. The functional connectivity
analysis showed that activity in the right amygdala correlated positively with activity in middle
temporal cortex, cingulate gyrus, cuneus, and posterior cingulate gyrus. Negative correlations
were observed between right amygdala and lateral superior frontal gyrus, parietal cortex,
occipital cortex, angular gyrus and cerebellum.

Neurocognitive models of emotional interference

Emotional stimuli may have an impact on behaviour through at least two dissociable
neurocognitive pathways. Emotional material may interfere with operant behaviour by eliciting
an incompatible innate fear response such as freezing. At low-levels of threat in the
environment, freezing occurs as a natural defensive reaction (Blanchard etal., 1977). However,
like previous studies of emotional interference (Hartikainen et al., 2000; Tipples & Sharma,
2000), we found that both negative and positive stimuli interfered with ongoing behaviour.
This suggests that a mechanism other than freezing was involved. Furthermore, animal studies
implicate the periaqueductal grey area as the neural substrate critical for freezing behaviour
(Amorapanth et al., 1999), but in the present study, significant activity in this region was not
observed. In contrast, the amygdala is critical for conditioned suppression (Killcross et al.,
1997; Lee et al., 2005), and significant activity in this region was observed in the context of
the present task. How might affect-related activity in the amygdala interact with other cortical
structures to give rise to the kind of behavioural interference by positive and negative distracters
observed here and in other studies of conditioned suppression?

The biased competition model of attention would suggest that distracters interfere with operant
behaviour by preferentially drawing upon (or “capturing”) attentional resources that might
otherwise be devoted to the primary task (Desimone & Duncan, 1995). We suggest that the
results of the current and similar studies are best understood within this framework. Emotional
material is thought to capture attention through interactions between the amygdala and visual
processing areas (Pessoa et al., 2002; Vuilleumier & Schwartz, 2001). Data suggest that the
amygdala is particularly responsive to negative stimuli (e.g., Whalen et al., 1998; Dannlowski
et al., 2007). However, both neuroimaging (e.g., Garavan et al., 2001; Liberzon et al., 2003;
Siebert et al., 2003; Kensinger & Schacter, 2006) and animal (e.g., Paton et al., 2006; for a
review, Baxter & Murray, 2000) studies also implicate the amygdala in processing positive
stimuli or reward. In the present study, we observed increased reaction times to trials that
contained positive or negative distracters relative to neutral distracters, and on trials containing
negative relative to positive distracters. Enhanced activity to both positive and negative stimuli
was found in occipital cortex and the right amygdala. We also report increased functional
connectivity between the right amygdala and regions implicated in representing object
attributes and concepts in temporal cortex (e.g., Martin et al., 1996). Finally, significant
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functional connectivity was seen between right amygdala and posterior cingulate. The posterior
cingulate is thought to be involved in both visuospatial orientation (Vogt, 2005) and processing
emotionally salient stimuli (Maddock, 1999; Nakic et al., 2006). Although speculative, we
suggest that the posterior cingulate may interact with the amygdala and parietal cortices to
facilitate orientation to the spatial location of emotional stimuli. Indeed, it has also been
suggested that an adjacent region of intraparietal cortex plays arole in directing and maintaining
attention to the spatial location of threatening stimuli (Pourtois et al., 2006). Further studies
will help delineate more precisely how these posterior cortical areas may interact with
subcortical and prefrontal cortical areas during emotional interference.

An important caveat in the current study should be noted. One limitation of the picture set used
here is that affective valence may be confounded with visual complexity (neutral pictures in
the set may be less complex and colourful). This would be problematic for contrasts between
emotional and neutral pictures, particularly with respect to activity in visual processing areas.
It is important to note that participants were not significantly slower to respond to response-
only versus response-with-neutral-distracter trials. If the behavioural effect were driven by
visual complexity rather than emotion, one would predict that the difference in visual
complexity between no image and a neutral image would be greatest, and therefore should
create the largest effect size. This was not observed. At the neural level, the enhanced activity
to emotional stimuli observed in visual cortex may have been driven by visual complexity
rather than emotion. However, other studies using stimuli that differ minimally in visual
complexity (e.g., fearful versus neutral faces) also report increased activity in visual processing
to emation (e.g., Morris et al., 1998). For these reasons, it is unlikely that the pattern of results
can be accounted for entirely by differences in visual complexity.

Implications for emotional regulation

In addition to an adaptive system that increases the salience of emotional material (LeDoux,
1995), a counteractive system likely regulates the impact of emotional stimuli when they
interfere with task-demands (Pessoa et al., 2005; Vuilleumier, 2005). A key component of this
system is thought to be the prefrontal cortex, particularly middle frontal gyrus, which has
modulatory connections with the amygdala (Ongur & Price, 2000). The regulatory role of areas
in middle frontal and orbital gyrus over amygdala responding has been supported by data from
non-human (Quirk & Gehlert, 2003; Rosenkranz, Moor, & Grace, 2003) and human subjects
(Drevets, 2000; Pezawas et al., 2005). Neuroimaging data implicate anterior cingulate cortex
(Bishop et al., 2004; Johnson et al., 2005) and orbitofrontal cortex (Pourtois et al., 2006; Blair
etal., 2007) in regulating the impact of emotional information under high conflict conditions.
Consistent with this suggestion, functional connectivity analysis in the present study revealed
that activity in right amygdala was negatively correlated with a region extending from middle
frontal gyrus to orbital gyrus. This area corresponds closely with regions of middle frontal or
orbital gyrus implicated in voluntary emotional regulation studies (e.g., Beauregard et al.,
2001; Levesque et al., 2003).

A second possible mechanism of emotional regulation involves regions of prefrontal cortex,
particularly lateral prefrontal cortex, which are thought to manipulate representations of task
relevant stimuli in temporal and occipital regions at the expense of distracters (Botvinick et
al., 2004; Desimone & Duncan, 1995). Direct functional connections between lateral prefrontal
gyrus and temporal cortex, or indirect connections via parietal cortex (see Petrides, 2005), may
be involved in increasing the representational strength of task-relevant stimuli (Botvinick et
al., 2004; Desimone & Duncan, 1995). A recent study suggests that increasing attentional load
in the context of emotional distracters results in increased activity in a frontoparietal network,
and reduced activity in areas associated with emotion or face processing including the
amygdala and areas of occipital temporal cortex (Mitchell et al., 2007). In the current study,
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the response by emotion interaction observed in parietal cortex may indicate a role for this
region in adaptive attentional selection. Furthermore, a functional connectivity analysis
showed that activity in parietal and lateral superior frontal gyrus was negatively correlated
with activity in right amygdala. This pattern of activation is consistent with the idea that
cognitive control over distracting emotional material results from activity in a frontoparietal
network that manipulates the strength of object representation in visual processing areas
(Mitchell et al., 2006; Mitchell et al., 2007; VVuilleumier, 2005). These newly emerging findings
raise the possibility that clinically relevant emotional regulation may also be facilitated by
augmenting the strength of alternative (neutral or positive rather than negative) sensory
representations. This system may operate either in parallel to, or in place of (depending on
situational or individual factors), a partially dissociable regulatory system involving regions
of medial prefrontal cortex and frontal pole that facilitate extinction or emotional suppression.
We suggest that this alternative “attentional” pathway may be particularly relevant for
cognitive therapy interventions, which emphasize replacing maladaptive biases towards
symptom-relevant emotions with healthier representations (Beck, 1979).

Another candidate structure for emotional regulation is the inferior frontal gyrus (BA 47),
which has been implicated in emotional and behavioural modification. For example, inferior
frontal gyrus is active during cognitive reappraisal tasks (Ochsner, 2005; Phan et al., 2005),
during unwanted implicit associations (Cunningham et al., 2004; Luo et al., 2006), during
placebo-induced analgesia (Petrovic et al., 2002), and during response reversal decision-
making tasks (Cools et al., 2002; O’Doherty et al., 2003). In the present study, significant left
and right inferior frontal gyrus activity was observed in the presence of negative, but not
positive or neutral images. Participants were also significantly slower to respond in the presence
of negative images relative to positive or neutral images. One possibility is that inferior frontal
gyrus activity (or activity in the adjacent insular cortex) may be involved in enhancing the
representation of negative emotional stimuli. This would explain the increased interference of
negative relative to positive images. A second possibility is that inferior frontal gyrus is
involved in resolving response conflict generated by negative stimuli (Blair, 2004). Although
speculative, this account is compatible with the collection of studies that implicate inferior
frontal gyrus in emotional regulation (e.g., Ochsner, 2005; Cunningham et al., 2004; Luo et
al., 2006; Monk et al., 2006) response change (e.g., Budhani et al., 2007; Cools et al., 2002;
O’Doherty et al., 2003), response inhibition (Casey et al., 2001), and viewing negative images
irrespective of whether an operant response is made, as was observed in this study. These
findings are consistent with the idea that the inferior frontal gyrus is involved in the regulation
of both maladaptive motor and emotional responses. However, further work is required to better
delineate the functional contribution of this region of prefrontal cortex to decision-making and
attention to emotional representations.

Conclusion

The current study examined the neural correlates of operant behaviour in the context of
emotional distracters in healthy individuals. A previous study had showed that patients with
psychopathy, who may exhibit a pathological form of emotional resilience, demonstrated
reduced emotional interference relative to controls on the same behavioural measure (Mitchell
etal., 2006). Given the importance of attention in emotional biases (Mogg, Bradley, Williams,
1995; Monk et al., 2004), determining the neural systems involved in resolving attentional
competition may prove relevant to a spectrum of affective disorders. We are currently
conducting further studies that examine emotional interference and regulation across a range
of paediatric and adult affective disorders. We predict that relative to their control groups,
patients with psychiatric disorders involving anxiety will be associated with increased
behavioural interference by negative distracters coupled with reduced activity in frontoparietal
cortex. Here we found significant activity within motor cortex, caudate, cingulate, and parietal
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cortex during trials involving operant responding. Occipital gyrus and amygdala showed
significantly enhanced activity to positive and negative stimuli. Enhanced inferior frontal gyrus
activity that occurred only in the context of negative distracters was consistent with suggestions
that this area either reflects or resolves competition generated by aversive material.
Connectivity analysis showed a positive correlation between activity in right amygdala and
areas within posterior cingulate and middle temporal gyrus. In contrast, negative functional
connectivity was observed between right amygdala and regions of lateral superior frontal gyrus
and parietal cortices. Together, these results are consistent with suggestions that the amygdala
increases the salience of emotional distracters through interactions with posterior cingulate and
visual processing areas. Furthermore, they suggest the potential involvement of an attentional
frontoparietal cortical system (in addition to a potentially suppressive influence of middle
frontal/orbital gyrus) for regulating the impact of emotion on behaviour. Further studies that
delineate the neurocognitive factors that give rise to and resolve biased attention will likely
provide important clues to the neurobiology of a range of affective disturbances from
psychopathy to mood and anxiety disorders.
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Figure 1. Components of the Emotional Interrupt Task

Emotional Interrupt Task procedures. Each row represents a trial type. Each trial consisted of
4 serially presented events: i) a fixation cross (550ms); ii) a negative, neutral, positive or blank
image (200ms); iii) a circle, square, or fixation cross (150ms); iv) the same image that preceded
the shape or cross (400ms); v) a blank screen for (1200ms). Participants responded during
either the second picture or blank and reaction times were calculated from the onset of the
shape stimulus. The hemodynamic response was modeled and averaged for the duration of
each trial. The trials displayed correspond to: a) a negative response-with-distracter trial; b) a
positive image-only trial; ) a response-only trial.

Neuroimage. Author manuscript; available in PMC 2009 June 9.



1duasnuely Joyiny Vd-HIN 1duosnuey JoyIny vd-HIN

1duasnuely Joyiny vd-HIN

Mitchell et al. Page 15

p < 0.001

Figure 2. Main Effect of Task
Areas showing a significant main effect of operant responding (p < 0.001; p < 0.05 corrected):

a) Left inferior parietal lobule (BA 40); b) Medial frontal/cingulate gyrus (BA 24); ¢) Right
postcentral gyrus (BA 5); d) Bilateral caudate. Activity was significantly greater across
response-with-distracter conditions than image-only conditions.
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Figure 3. Main Effect of Emotion

Areas showing significant activity to emotion (p < 0.001; p < 0.05 corrected). Graphs depict
the percent signal change relative to fixation across conditions. Graphics depicted by a and b
show significantly enhanced bilateral activity in left and right inferior frontal gyrus to negative
stimuli relative to neutral or positive stimuli (p < 0.05). Images ¢ and d show significantly
enhanced bilateral activity in middle occipital gyrus to positive and negative stimuli relative
to neutral stimuli (p < 0.05).
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Figure 4. Functional ROI: Main Effect of Emotion within Right Amygdala
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Significantly active voxels (p < 0.005) within an anatomically defined area of the right
amygdala are displayed. The graph depicts the percent signal change relative to the mean across
conditions. The right amygdala shows significantly enhanced activity to both negative and
positive stimulus conditions relative to neutral conditions (p < 0.01). Activity in this region in
the context of negative distracters was significantly greater than that of positive distracters

(p < 0.05).
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Figure 5. Task by Emotion Interaction in Right Inferior Parietal Lobule

A response by emotion condition interaction in right inferior parietal lobule (p < 0.005). The
graph shows that percent signal change was greater for image-only trials including negative
distracters versus positive distracters (p < 0.005). During the response-with-distracter
conditions, the opposite was true (positive > negative; p < 0.05).
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Figure 6. Connectivity analysis

Results of the connectivity analysis with the voxel of peak intensity in right amygdala (p <
0.005) as the seed (a). Regions showing positive connectivity with the seed voxel include the
extended amygdala (a and d), and anterior temporal cortex (e, f, and h). Regions showing
negative correlation with right amygdala include the lateral superior frontal gyrus (b), middle
frontal/orbital gyrus (c), and parietal cortex (g).
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