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Abstract
To investigate the basic neural circuitry underlying
emotion, three brain imaging studies were performed using
positron emission tomography and ^^0-water. In each study
subjects viewed pictures from the International Affective
Picture System (lAPS).
Study #1 examined the neural correlates of pleasant
and unpleasant emotion in 12 healthy women. Compared to
viewing neutral stimuli, viewing pleasant and unpleasant
pictures were each associated with activation of thalamus,
hypothalamus, midbrain and medial prefrontal cortex. Viewing
pleasant pictures was also associated with activation of the
head of the caudate nucleus and viewing unpleasant pictures
was associated with activation of left medial temporal
structures (amygdala, hippocampus and parahippocampal gyrus),
bilateral extrastriate visual cortex, bilateral temporal
poles and cerebellum.
Study #2 examined the neural substrates of emotional
valence, arousal and attention. Six healthy men were studied
in twelve scan conditions generated from a 3x2x2 factorial
design: 3 levels of valence (pleasant, unpleasant and
neutral), 2 levels of arousal (high and low) and 2 levels
of attention (easy and difficult distraction tasks).
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Subtraction of the low arousal pleasant and unpleasant
conditions from the high arousal pleasant and unpleasant
conditions revealed activation in the dorso-medial region
of the thalamus and the medial prefrontal cortex.
Activation of the medial prefrontal cortex was greater
during the low distraction compared to the high distraction
conditions. These results suggest that the thalamus and
medial prefrontal cortex are activated as a function of the
intensity of emotional arousal independent of valence.
Study #3 examined the neural substrates of the
experiential component of emotion using a selective
attention paradigm. Ten healthy men viewed lAPS pictures as
they attended either to their subjective emotional
responses or the spatial location of the depicted scene.
During attention to subjective emotional responses
increased neural activity was elicited in rostral anterior
cingulate cortex (BA32) and medial prefrontal cortex, right
temporal pole, insula and ventral cingulate. Under the same
stimulus conditions when subjects attended to spatial
aspects of the pictures activation was observed in parieto
occipital cortex bilaterally. The findings indicate that
the rostral anterior cingulate cortex participates in
representing subjective emotional responses.
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Introduction
Explanation of the Problem and Its Context
Within the field of emotion research there is active
debate regarding the fundamental organization of emotion.
One view is that there are a limited nvimber of basic
emotions, e.g. happiness, sadness, anger, fear, disgust,
etc., combinations of which lead to all known emotions
(Ortony & Turner, 1990). An alternative view is that
emotions are related to one another by virtue of their
association with certain fundamental dimensions, e.g.
valence and arousal (Dickinson & Dearing, 1979) (Konorski,
1967) (Bradley & Lang, in press) . While the question of the
basic organization of emotion can be addressed from a
variety of perspectives, a particularly compelling approach
is to identify the neural circuitry underlying human
emotion. Modern functional neuroimaging techniques such as
positron emission tomography (PET) and functional magnetic
resonance imaging (fMRI) provide unprecedented
opportunities for doing so. The three studies presented
here use PET in the exploration of the neural substrates of
human emotion.
The modern concept of specific neural circuits
underlying human emotion can be traced to Darwin (1965). In
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his book entitled The Expression of Emotions in Man and
Animals, Darwin argued for the striking similarity of
emotional expressions in man and other animals as well as
the universality of certain basic expressions of emotion in
all human cultures. If indeed such universality exists it
must be genetically encoded and expressed in neural
circuitry. The primary motivation for the three studies
presented in this report involved the search for the basic
neural circuitry underlying emotion.
The three studies involve exploration of emotion using
a dimensional approach. A substantial body of data has been
amassed in support of the view that valence and arousal are
fundamental dimensions of human emotion (Dickinson &
Dearing, 1979) (Konorski, 1967) (Bradley & Lang, in press).
Each study uses The International Affective Picture System
(lAPS) developed by Lang and colleagues (Lang, Bradley, &
Cuthbert, 1995). The lAPS consists of hundreds of pictures
that permit research on these two fundamental dimensions of
emotion.

Relationship Between Studies
Study #1 (Lane, Reiman, Bradley et al., 1997)
(Appendix A) was the first to explore the functional
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neuroanatomy of emotion using the lAPS and a high
resolution brain imaging technique such as PET. Aside from
the need to extend previous psychometric and
psychophysiologic work with the lAPS with the leading
functional neuroimaging technique at the time, the lAPS
pictures were used in these studies because of the exacting
technical requirements of stimuli to be used in functional
neuroimaging studies.
PET results are typically analyzed by subtracting the
control (neutral) state(s) from the experimental (in this
case, emotional) state (s). If the control states are
identical to the experimental states in every way other
than the emotional content, the emotional content can be
isolated using the subtraction method (assuming no
interaction with the stimulus context (Friston, Price,
Fletcher et al., 1996)). Perfectly matched exteroceptive
control stimuli, however, have not yet been created for use
with exteroceptive emotion probes. For example, in the case
of film clips used to induce emotional and neutral control
states, stimulus features of the two types of stimuli may
differ regarding the presence of human faces, color, or
movement. Failure to control such features could generate
differences between emotion and control conditions in a

lU
subtraction analysis that would be mistakenly attributed to
emotion. By contrast, the large number of ZAPS pictures
makes it possible to match stimuli across the three valence
conditions (pleasant, unpleasant, neutral) or two arousal
conditions (high, low) for the presence of human faces,
thematic content of slides, presence of color, absence of
movement, etc.
In Study #1 we used the ZAPS to study the neural
substrates of pleasant and unpleasant emotion. ZAPS
pictures were presented using the standard exposure
duration of 6 seconds as in previous psychophysiology
studies (Lang, Greenwald, Bradley, & Hamm, 1993). We
measured skin conductance responses and obtained selfreported valence and arousal ratings for each picture as
measures of emotional arousal.
The results of Study #1 were quite revealing, but also
raised additional questions. First, data from self-reported
arousal ratings and skin conductance responses suggested
that the unpleasant stimuli were somewhat more arousing
than the pleasant stimuli. Zt was possible that differences
between the pleasant and unpleasant conditions could
reflect differences in arousal rather than valence. We
therefore sought to differentiate between high and low
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arousal as well as the three valence conditions in Study #2
(Appendix B).
A second factor contributing to the design of Study #2
was the desire to further control mental activity during
picture viewing. Six seconds is sufficient time for a skin
conductance response to reach its peak, but a skin
conductance response can be elicited with lAPS pictures
with exposure durations as brief as 500 msecs (Codispoti,
Bradley, Cuthbert, & Lang, submitted). Viewing pictures for
six seconds each potentially permits intrusion of
uncontrolled mental activity either related or unrelated to
the picture stimulus. To the extent that systematic
differences in mental activity covary with the stimulus
conditions, erroneous conclusions can be drawn regarding
the neural substrates of emotion. To the extent that
heterogeneity exists in mental activity/brain function
across subjects, the signal-to-noise ratio may be reduced
in a within-subjects analysis, potentially leading to a
failure to detect true differences between the stimulus
conditions.
To control for extraneous mental activity during
picture viewing, we elected to experimentally control the
amount of attention that subjects could devote to the
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picture stimuli. We used a dual task paradigm in which
subjects performed either an easy or difficult distracter
task while viewing pictures. In Study #2 we employed a
3x2x2 factorial design in which we systematically varied 3
levels of valence (pleasant, unpleasant and neutral), 2
levels of arousal (high, low) and 2 levels of attention
(high vs. low distraction).
The first two studies sought to explore the
relationship between the neural substrates of specific
types of emotional responses. Any given emotional response
may be divided into experiential, expressive and evaluative
components (LeDoux, 1987). Each of these components could
be represented in the results obtained in Studies #1 and
#2. We therefore designed Study #3 (Appendix C) to identify
the network of brain structures that preferentially
participate in the conscious experience of emotion.
The design of this study was influenced by some of the
same considerations that contributed to the design of Study
#2. The control of unintended mental activity was
especially important since we were interested in the neural
substrates of conscious emotional experience. The
experimental design was adjusted in three ways to deal with
this.

IT
First, an experimental manipulation of attention was
selected as a way of controlling extraneous mental
activity. Since previous studies (Corbetta, Miezin,
Dobmeyer et al., 1990) (Fink, Halligan, Marshall et al.,
1996) had suggested that selective attention activates
those brain areas responsible for mediating a particular
mental function, the selective attention approach appeared
to be well-suited for the study of the neural substrates of
emotional experience. In this study subjects responded to
each picture on a keypad as a function of how they
allocated attention, allowing for behavioral validation of
the attentional manipulation. The two attention conditions
consisted of judging whether the picture induced a
pleasant, unpleasant or neutral feeling (an interal focus
of attention), or whether the scene depicted was indoors,
outdoors or indeterminate (an external focus of attention).
Thus, relative to the default condition of simply viewing
pictures without performing other tasks as in Study #1,
Study #2 involved drawing attentional resources away from
the picture content, while Study #3 involved heightened
attentional resources devoted either to the experiential
component of emotion or to the picture content itself.
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Second, we restricted the exposure duration of lAPS
pictures to 500 msec with a 3-second inter-stimulus
interval. This design left sufficient time to evaluate and
respond to each picture and left little or no time for
other cognitive activity during picture presentation.
Although this shorter inter-stimulus interval precluded the
measurement of skin conductance responses to each picture,
the assessment of arousal level was not critical to the
aims of this study. In this study the experimental
conditions did not differentiate between pleasant,
unpleasant and neutral states.
Third, we sought to eliminate stimulus content as a
potential confounding factor that could influence the
obtained results. The critical comparison was between the
internal vs. external attention conditions. The stimuli
were counterbalanced across subjects such that each picture
set was viewed by half the subjects in the internal focus
condition and by the other half of the subjects in the
external focus condition. Thus, any differences between the
internal and external focus conditions in this withinsubjects analysis could not be attributable to differences
in stimulus content.
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Contributions of the Candidate
In Studies #1, 2 and 3 (Appendices A, B and C,
respectively) I played a lead role in designing each
experiment. I was also principally responsible for the
selection of lAPS pictures, selection of subjects,
supervision of scanning sessions and ancillary data
collection, subject debriefing, analysis of brain imaging
data, interpretation of data and writing the first draft
and revisions based on comments by co-authors and
reviewers. In addition, in Study #2 (Appendix B) I was also
principally responsible for creating the distracter tasks
and supervising the analysis of skin conductance, eye
movement and keypad data. In Study #3 (Appendix C) I was
also principally responsible for creating the selective
attention tasks and supervising the analysis of keypad
data.
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Present Study
Suimnary of Findings
The methods, results and conclusions of this study are
presented in the papers appended to this dissertation. The
following is a summary of the most important findings in
these papers.
Study #1 examined the neural correlates of pleasant
and unpleasant emotion in 12 healthy women. Compared to
viewing neutral stimuli, viewing pleasant and unpleasant
pictures were each associated with activation of thalamus,
hypothalamus, midbrain and medial prefrontal cortex. Viewing
pleasant pictures was also associated with activation of the
head of the caudate nucleus and viewing unpleasant pictures
was associated with activation of left medial temporal
structures (amygdala, hippocampus and parahippocampal gyrus),
bilateral extrastriate visual cortex, bilateral temporal
poles and cerebellum.
Study #2 examined the neural substrates of emotional
valence, arousal and attention. Six healthy men were studied
in twelve scan conditions generated from a 3x2x2 factorial
design: 3 levels of valence (pleasant, unpleasant and
neutral), 2 levels of arousal (high and low) and 2 levels
of attention (easy and difficult distraction tasks).
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Subtraction of the low arousal pleasant and unpleasant
conditions from the high arousal pleasant and unpleasant
conditions revealed activation in the dorso-medial region
of the thalamus and the medial prefrontal cortex.
Activation of the medial prefrontal cortex was greater
during the low distraction compared to the high distraction
conditions. These results suggest that the thalamus and
medial prefrontal cortex are activated as a function of the
intensity of emotional arousal independent of valence.
Study #3 examined the neural substrates of the
experiential component of emotion using a selective
attention paradigm. Ten healthy men viewed lAPS pictures as
they attended either to their subjective emotional
responses or the spatial location of the depicted scene.
During attention to subjective emotional responses
increased neural activity was elicited in rostral anterior
cingulate cortex (BA32) and medial prefrontal cortex, right
temporal pole, insula and ventral cingulate. Under the same
stimulus conditions when subjects attended to spatial
aspects of the pictures activation was observed in parieto
occipital cortex bilaterally. The findings indicate that
the rostral anterior cingulate cortex participates in
representing subjective emotional responses.
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Discussion of Findings

i. Arousal vs. Valence
A major conclusion from Study #1 was that the
thalamus, hypothalamus, midbrain and medial prefrontal
cortex are common denominators in the neural network
mediating emotion. In Study #1 these structures were
activated during pleasant and unpleasant emotion relative
neutral, replicating findings from a previous study by our
group (Lane, Reiman, Ahern et al., 1997) in which these two
structures were activated during happiness, sadness and
disgust, and by film-induced and recall-induced emotion
(Reiman, Lane, Ahern et al., 1997). This set of findings
was extended by Study #2, in which it was demonstrated that
the thalamus and medial prefrontal cortex were activated
during high compared to low arousal pictures. A fourth
study by another group of investigators examined the
pattern of cerebral activation associated with the
intravenous injection of yohimbine, an alpha-2 adrenergic
antagonist associated with the release of norepinephrine
(Cameron, Zubieta, Minoshima, & Koeppe, 1994). This study
revealed activation of the thalamus, medial prefrontal
cortex, insula and cerebellum. Together these findings
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suggest that emotional arousal is what is common among the
different emotion conditions that vary by type or valence
of emotion. While emotional valence and arousal are
orthogonal factors from a psychometric standpoint, they
appear to be inextricably interwoven in a neurobiological
context.
In Study #1 there were several structures that were
activated during unpleasant but not pleasant emotion,
including the left amygdala, extrastriate visual cortex and
cerebellum. The skin conductance and self-report data in
Study #1 indicated that the unpleasant emotion conditions
were somewhat more arousing than the pleasant emotion
conditions. One of the implications of this set of findings
is that it is necessary to control arousal level to clearly
demonstrate the neural substrates of valence. While Study
#2 was effective in demonstrating the interaction between
emotion and attention, the distraction conditions probably
altered the emotional context in which the pictures were
viewed, resulting in patterns for emotional valence that
did not correspond to those in Study #1. Thus, for example,
the amygdala was not activated in the unpleasant conditions
in Study #2, most likely because the neutral stimuli were
always paired with a distraction condition that may have
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been arousing and somewhat aversive. This is an
illustration of how context can affect the results of a
substraction analysis. Another study is needed in which
valence and arousal are experimentally differentiated from
one another and another task is not performed
simultaneously.
The observation in Study #1 of left amygdala
activation during unpleasant emotion corresponds to
findings in other recent neuroimaging studies. Several
studies (Drevets, Videen, Price et al., 1992) (Morris,
Frith, Perrett et al., 1996) (Ketter, Andreason, George et
al., 1996) (Zald & Pardo, 1997) (Breiter, Etcoff, Whalen et
al., 1996) have also observed left amygdala activation
associated with negative affect. Morris et al.'s (Morris,
Ohman, & Dolan, 1998) observation that left amygdala
activation was associated with conscious recognition of
aversively conditioned angry faces while right amygdala
activation was observed in association with non-conscious
recognition is consistent with the finding that left
amygdala activation correlates with greater self-reported
negative affect. Study #2 extends this set of findings by
demonstrating that the left amygdala is activated by high
compared to low emotional arousal. It is possible that
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arousal level rather than valence accounts for the findings
of other investigators of an association between left
amygdala and negative affect.
The hypothesis that amygdala activation varies as a
function of arousal intensity is consistent with the
findings of Cahill and colleagues (Cahill & McGaugh, 1990),
who studied the differential effect of appetitive and
aversive reinforcement on learning in rats with
experimental lesions of the amygdala. These investigators
concluded that participation of the amygdala in learning
was a function of the arousal level, not valence, of the
reinforcing stimuli. Others such as Tranel (1997) argue
that the amygdala is preferentially activated during
negative emotional states. This is clearly an area that
requires further clarification and will be actively
investigated in the years ahead.

ii. Thalamus
Emotion may be conceptualized as a mechanism for
automatically responding to environmental events that
significantly influence an organism's ability to meet its
goals (Ortony, Clore, & Collins, 1988). Such a mechanism
requires an evaluation of the significance of the event and
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a means for responding to the environmental challenge. The
thalamus appears to be especially well-suited for this
task, as it is the site in the brain where interoceptive
and exteroceptive information are first brought together
and integrated. Cannon (Cannon, 1929) and Bard (Bard, 1928)
were the first to demonstrate that organized behavioral
expressions of emotion such as rage in cats required that
the hypothalamus and parts of the thalamus were intact.
In Study #1 we observed activation of the thalamus but
could not specify which nucleus in the thalamus was
preferentially activated. The findings in Study #2 extended
those of Study #1 by demonstrating activation of the
mediodorsal region of the thalamus in association with
emotional arousal. Confirmation of the specific nucleus
involved in emotional arousal is not possible given the
resolution limits of PET, but is possible with fMRI. A
likely candidate is the mediodorsal nucleus, which has
major connections to the orbito-frontal and medial
prefrontal region (Price, Carmichael, & Drevets, 1996). As
noted below, the frontal region likely plays an important
role in mediating conscious awareness of emotion. This
hypothesis regarding the mediodorsal nucleus is consistent
with other evidence that the reticular and intralaminar
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nuclei of the thalamus, which are closely related to the
mediodorsal nucleus, may play a critical role in
consciousness generally (Smythies, 1997).

iii. Prefrontal Cortex
The findings from Studies #1-3 shed light on the role
of frontal regions in emotional experience. Study #3
demonstrated that rostral anterior cingulate may play a
preferential role in establishing a representation of
subjective emotional responses. This function may be
similar to the working memory function of the neighboring
dorsolateral prefrontal cortex. The difference between the
two may be the type of information preferentially
transmitted to each: exteroceptive information to the
dorsolateral, and interoceptive emotional information to
the medial, prefrontal regions, respectively.
The medial prefrontal region is strategically located
between two trends in the telencephalic limbic system
(Tucker, Luu, & Pribram, 1995) (Mega, Cummings, Salloway, &
Malloy, 1997). The ventro-lateral trend is reactive-based,
operates by feedback, and is derived from archicortex
(olfactory cortex). The amygdala and orbitofrontal cortex
are key structures in this system. Lesions in orbitofrontal
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cortex are typically associated with disinhibition. The
medio-dorsal trend is planning-based, operates by a
feedforward mechanism, and is derived from paleo-cortex
(hippocampus). The hippocampus and cingulate cortex are key
structures in this system. Lesions in this area are
associated with apathy and indifference. The ability to
hold interoceptive emotional information on-line may be
critical both for guiding behavioral responses at a given
moment and anticipating the emotional consequences of
various behavioral options, a critical skill essential to
planning behavior for optimal social adaptation.
Damasio (Damasio, 1994) and his collaborators
(Bechara, Tranel, Damasio, & Damasio, 1996) have
demonstrated the important role of the orbitofrontal
cortex, a part of the ventro-lateral system, in guiding
decision-making. Damasio's Somatic Marker Hypothesis states
that interoceptive emotional information ("gut feelings")
simplifies the decision-making process by organizing and
biasing information processing in a manner consistent with
one's goals. This biasing process can occur without
conscious awareness of its occurrence (Bechara, Damasio,
Tranel, & Damasio, 1997). This limiting influence on
information processing is consistent with the role of
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orbitofrontal cortex in inhibiting subcortical structures
such as the amygdala, as demonstrated in studies of
extinction of conditioned fear (Morgan, Romanski, & LeDoux,
1993).
A third area of prefrontal cortex implicated in
Studies #1 and #2 is a more superior sector of the medial
prefrontal cortex. This area was activated in Study #1
during both pleasant and unpleasant emotion. This region is
very close to the supplementary motor area, an area
critical in the planning of behavioral responses (Thaler,
Chen, Nixon et al., 1995), and is part of the mediodorsal
system. This area likely plays a role in initiating
behavior, as indicated by studies demonstrating that
lesions in this area are associated with apathy and
indifference, and by Frith and colleagues (Frith, Friston,
Liddle, & Frackowiak, 1991), who demonstrated a role for
this sector of the prefrontal cortex in internallygenerated (freely willed) responses. To the extent that
arousal prepares an organism for action, a role for this
area in arousal is consistent with its participation in the
initiation of manifest behavioral responses. Thus, inferior
sectors permit emotion to influence behavior in a way that
is more unconscious, automatic, and reactive to immediate

environmental circumstances. By contrast, more superior
sectors permit emotion to influence behavior in a way that
is more conscious, considered and planned according to the
anticipated needs of future adaptation to the environment.

iv. Social Adaptation
In Study #2 this third, superior sector of medial
prefrontal cortex was significantly more activated during
the low vs. high distraction condition across all three
valence conditions, the pleasant conditions alone and the
neutral conditions alone. This area was not activated
during unpleasant relative to neutral conditions as
described in the report of Study #2, or in the low vs. high
distraction comparison for unpleasant pictures only. These
observations are consistent with the conclusion that the
medial prefrontal activation observed in Study #1 is
decreased in the context of distraction.
In a set of observations that may be related to the
above, Happe (Happe, Ehlers, Fletcher et al., 1996) and
Goel (Goel, Grafman, Sadato, & Hallett, 1995), observed
that a representation of the mental state of others appears
to be preferentially established in a sector of medial
prefrontal cortex very near to the one activated in Study

31
#1. Given the findings regarding the rostral anterior
cingulate cortex in Study #3, it appears that the
representations of the mental states of self and other are
topographically closely related.
Baddeley and colleagues (Baddeley, Delia Sala,
Papagno, & Spinnler, 1997) showed that despite equivalent
performance on traditional tests of frontal lobe function
such as verbal fluency, frontal lobe patients with socially
disrupted behavior were more impaired in their performance
in a dual task paradigm than were patients with frontal
lobe lesions without behavioral impairment. Baddeley and
colleagues argue that successful social adaptation requires
the "dual task" ability to stay in touch with the needs of
others while paying due attention to one's own needs.
Putting these findings together, it appears that the
medial prefrontal cortex is a site where representations of
self and other are established and integrated in the
service of goal-directed behavior. Optimal social
adaptation requires the skillful integration of information
regarding the needs of self and other. The dual task
paradigm in Study #2 may relate to the findings of Baddeley
and colleagues. It may be that if the attentional resources
required for processing exteroceptive information (e.g. the

needs of the other person) are sufficiently great, the
strength of the representation of one's own inner emotional
state and the ability to use it in the pursuit of one's
personal goals, will be diminished. Taken together, the
findings in Studies #1-3 add anatomical and functional
detail to the hypothesis that different subregions within
the prefrontal cortex contribute to the integration of
interoceptive and exteroceptive information in the
mediation of socially adapted behavior.
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Neuroanatomical correlates of pleasant and
unpleasant emotion
RICHARD D. LANE," ERIC M. REIMAN,*§ MARGARET M. BRADLEY.I
PETER J. LANG,1f GEOFFREY L. AHERN.tJ EUCHARD J. DAVIDSON||
and GARY E. SCHWARTZ^t^
'Department of Psychiatry, the Univeisity of Anzona. Tuooiu AZ. U.S.A.; tDepartment of Psychology, the Umveisity of Arizona.
Tucson. AZ. U^.A.; tDepartment of Netmiiogy. the University of Arizona. Tucson. AZ. U.S^; $The Samaritan PET Center.
Phoenix. AZ. U.S.A.; TThe NIMH Center for tiie Stndy of Emotion and Attentioii. The Untvetsity of Rohda. Gainesville. FL.
IIDepamnents of Psychiatry and Psychology. The Univenity of Wisconsin. Madison. WI. U.S.A.

IRectaed 11 January 1997; aeeepied2\ April 1997)
AlMiract—Substantial evidence suggests that a key distinction in the classification of human emotion is that between an appetitive
motivational system associated with positive or pleasant emotion and an aversive motivational system
with negaave or
unpleasant emotion. To explore the neural substrates of these two systems. 12 healthy women viewed sets of pictures previously
demonstrated to elicit pleasant, unpleasant and neutral emotion, while positron emission tomognipbic (PET) measiuements of
regional cerebral blood flow were obtained. Pleasant and unpleasant emotions were each distinguished fnmi neutral emotion
conditions by significantly increasedcerebral blood Bow in the vicmity of the medial prefrontal cortex (Brodmann's area 9). thalamus.
by]Mthalamusandmidbiain(/><O.OOS). Unpleasant was distinguished from neutral or pleasant emotion by activation of the bilateral
ocdptto-temporal cortex and cerebellum, and left parahippocampal gyrus, hippocampus and amygdala (f<O.OOS). Pleasant was
also distinguished from neutral but not unpleasant emotion by activation of the head of the left caudate nucleus (P<O.OOS). These
findings are consistent with those from other recent PET studies of human emotion and demonstrate that there ate both common
and unique components of the neural networks mediating pleasant and unpleasant emotion in healthy women. iC 1997 Elsevier
SciencT Ltd
Key Words: emouon; PET; cerebral blood flow; thalamus; prefrontal cortex: amygdala.

Introdnctioo

until such work is done the applicability of findings in
animals and patients to intact humans will be uncertaiiu
Fundamental work in laboratory animals including
non-human primates has significantly advanced our
understanding of the neural substrates of facial emotion
perception [41], visceral sensation associated with emo
tion [3], fear [11, 31], reward [14], the influence of reward
and punishment in biasing future behavior [46], and the
integration of somatomotor and vuceromocor output
assoaaied with emotional arousal [12]. These functions
have been related in particular to the ventral visual pro
cessing stream, insula, amygdala, ventral striatum includ
ing nucleus accumbens and ventral tegmental area,
orbitofrontal cortex andanterior dngulatecortex, respec
tively. Studies of patients with lesions affecting face per
ception [53], fear [1] and use of emotional states to guide
behavior [9] have demonstrated important cor
respondences with the animal findings. Functional imag
ing studies involving emotion have also generated

The neural substrates of human emotion have received
considerable attention recently. Major theoretical treat
ises on the brain and emotion by Damasio [9] and
LeDoux [31] have recently been published. These inte
grative theses have been possible largely due to recent
experimental findings in animals and observations in pat
ients with brain lesions. An important next step, which
has already begim. is to determine how these findings
telau to functioning in the intact human brain iismg
functional brain imaging techniques such as positron
emission tomography (PET) and functional magnetic res
onance imaging (MRI) in healthy volunteers. Indeed.

' Addressforcorrespondeoce: Department of Psychiatry,The
Univetsitv of Arizona. P.O. Box 24SOOZ Tucson. AZ 85724.
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important findings involving visual processing areas [15.
30. 4S. 32], the insula [23. 43-4S]. the amygdala [6. 20.
36], the orbitofroncal cortex [19. 23.40] and the anterior
dngulate cortex [19. 21. 24. 32. 42]. Although several
studies [19.23.40.45.48] have been conducted to address
the issue, a key question which has not been resolved is
how different types or classes of emotion are mrdiated in
healthy humans.
A fiudamental distinction which is potentially per
tinent to any classification of emotion is that emotion is
subserved by an appetitive motivational system associ
ated with positive or pleasant emotion and an aversive
motivational system associated with negative or
unpleasant emotion [13. 22]. Consistent with this view,
recent studies of psychophysiological responses to pic
tures [26.27.29] have provided evidence that two motive
systems underlie affective reactions to these emotionally
evocative materials. These studies have demonstrated,
for example, that the defensive startle reflex is potentiated
in the context of aversive stimulabon in humans as well
as laboratory animals [11].
The relationship between pleasant and unpleasant
emotions has been conceptualized in several different
ways. One view is that pleasant and unpleasant emotions
represent opposite en^ of a pleasure continuum [38].
This view would suggest that the neural substrates of the
appetitive and aversive motivational systemsshare much
in common or are closely interconnected [39]. It has been
suggested, for example, that the various types of emotion
can be defined by their location on a two-dimensional
plot, the so-called ctrcumplex model, consisting of a ple
asure continuum (as above) on one axis and arousal
on the other [47], An alternative view is that the two
motivational systems are independentof oneanother[51],
possibly suggesting that their neural substrates are also
independent or more loosely interconnected. Indeed.
LeOoux [31] holds that different types of emotion are
mediated by different neural systems. This perspecuve
leads to a iWerent way of relatmg various emotions to
one another. e.g.. sadness would be characterized by low
appetitive and disgust by high aversive motivation in
this scheme [10]. whereas they would both be considered
unpleasant or aver^ve in the former approach. To the
extent that different neural structures subserve theappeutive and aversive systems, one might expect very different
areas of activation in response to pictures that evoke
pleasant and unpleasant emotion.
In a previous PET study of normal women in our lab
oratory. we observed that the thalamus and medial pre
frontal cortex [Brodmann's area (BA) 9] were activated
when viewing films or lecalling personal experiences that
evoked happiness, sadness or disgust [23. 45], The similarides between the neural substrates of the different types
of emotion appeared to be greater than their differences,
supporting the former modelTo our knowledge, no studies
mvolving cerebral blood flow (CBF) measurement have
specifically examined the neural correlates of emodon con
ditions indicative of the two motive systems.

This study therefore provided a unique opportunity to
determme the extent to which there aie ctnnmon aoAlot
unique components of the neural substrates of pleasant
and unpleasant emotion. Based on our previous results,
we predicted that pleasant and unpleasant emotions
would each be associated with increased activicy in the
thalamus andmedial prefrontal cortex. We alsopredicted
greater activity m the hypothalamus [4], orbitofrontal
cortex, anterior dngulate cortex and ventral visual pro
cessing stream during both emotion conditions relative
to the neutral conditions. Based on previous findings, we
also predicted that the amygdala [6. 36]. insula [23. 4345] and extrastriate visual cortex [15.36.52] would show
greater activity during unpleasant compared to pleasant
emodon. Finally, wc predicted greater activity m the ven
tral striatum, including the nucleus accumbens and ven
tral tegmental area [14], during pleasant compared to
unpleasant emotion.

Metiiods
Subiecu

Twelve right-handed, oeurologically. medically and psychiatiically well female volunteers aged 18-45 years were
recruited through posted atmouncements. Subjects provided
informaiion about thor menstnial and contraceptive history
and were excluded if birth control measures were not adequate.
The sample was restricted to females to maximire the hom
ogeneity of emotion-dependent changes in CBF and the like
lihood of intense self-reported emotioiial experiences [49],
Potential subjects were asked direcdy about th^ sexual pref
erence. Only heterosexual women were studied to ensure that
pictures denting heterosexual encounters were viewed posi
tively. The study was approved by the Human Subject Com
mittees at the Umversity of Anzona in Tucson and the Good
Samaritan Regional M^ical Cditer in Phoenix. Subjects pro
vided informed consent and received compensauon for their
panidpanon.
Experuntnial dtsipt
Pictures were selected from the Intemabonal Affective Pic
ture System [28] based on normative pleasure racmgs to produce
three 20-item sets each of pleasant, neutral and unpleasant
pictures. Pleasant pictures included themes such as erotica,
babies, sports events, etc. Unpleasant pictures included themes
such as frightening animals, mutilated bodies, human violence,
etc. Neutral pictures consisted of inanimate objects, people
with neutral facial expressions and complex visiuil stimuU (e-g..
scenes, patterns, etc.). A visual fixation set. consisting of
repeated presentations of a small white cross-hair at the center
of a black background, was also created. All stimuli were pre
sented on videotape using a 27-ii)ch color TV monitor pos
itioned 48 inches above the subject's face.
Pictures were presented for 6sec each. The screen was blank
for Isec between pictures. Bolus injection of radiotracer
occurred at the onset of the ninth picture. Scans began 16 sec
after the start of bolus injection during the eleventh picture.
Piaures were never repealed during scans.
The 12 conditions for each subject consisted of three blocks
of tour scans each (pleasant, impieasant, neutral and visual
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fixation). The visual fixatioD condinon was always fint in each
block. The three pictuie conditions were counterfaalanml to
control order effects.
Following each scan, subjects made a single rating of the
pleasnre andaronsal of theentire picturesequmcr Each picture
was then presented again (approximately 2niin after imoai
viewing) a^ rated for the pleasure and arousal of that picture
as experienced at the time of the initial presentation. The SelfAssessment Manikin (SAM)rating scales forpleasure and arou
sal were used to make these ratings [3.28] and were on display
for the rating period only. Valence ratings ranged from I (very
unhappy) to 9 (very happy) and arousal tatmgs ranged frtnn I
(very calm) to 9 (very excited).
Skin conductance was transduced using Biopac standard
electrodes to the hypothenar
of the left palm. A
Biopac skin conductance coupler provided a constant 0.5V
across electrodes. The data were sampled at 1000 Hz and
reduced off-line into 12 half-second bins (in «iSiemens). Skis
conductance responses (SCRs) were scored as the largest halfsecond value during the 6-sec picture viewing period. A log
transformadon [log(SCR-»-1)] was used to normalize the distiibutioQ of these responses.

Imaging proeeebires
A Tl-weighted. three-dimensional Volume Spoiled Gradient
Recalled Acquisition in the Steady State pulse sequence
(SPGR. TE»Snisec. TR»33nisec. angle'30'. N^«l.
FOV—24cm, imaging inaim>'256 x 198) was used to acquue
128 contiguous. l.S-mm-lliick horizontal slices of the brain.
These MRI images were acquired prior to the PET session to
ensure stmctural normality of the bram. facilitate head pos
itioning m the PET scanner (to mdude as much of the cerebral
cortex and temporal lobes as possible and to correct for lateral
tilt), and permit co-cegistration between the PET and MRI
unages when this technique is incorporated into our image
analysis software.
Subject preparation for PET mcliidrri: the inseraon of a
catheter in the left antecubital vein to permit tracer admmistration: head immobilization using a fast-hardening foam
mold: and the performance of a transmission scan using a
**Ge/**Ga ring source to correct subsequent emission images
for radiaaon attenuation. During each scan, subjects rested
quietly in the s^ine position without movement.
Twelve 31-slice PCT unages of regional CBF were obtained
in each subject using the ECAT951/31 scanner (Siemens. Knoxville. TN. U.S.A.). 40 mCi intravenous bolus injections of "Owater. 60-sec scans and an mterval of lO-15 min between scans
(18. 43. 441. PET images were reconstructed with an in-plane
resolution of 10 mm fiill width half maximum (FWHM) and a
slice thickness of 5 mm FWHM. For data analysis, a Gaussian
blur yields an in-plane resolution of 20 mm FWHM and a slice
thickness of 10 mm FWHM.
Data were analysed using Statistical Parametric Mappmg
(SPM). Automated algorithms were used to align each subject's
sequential PET images[34|, transform her PET images mto the
standard spatial coordinatesof a bram atlas (17.50],invesngate
regional CBF changes independent of variations in whole brain
measurements (16.17],and generateseparate normalized r score
(le. Zscorei maps of C3Fincreases during pleasant, unpleasant
and neutral emotion.

Image analysis
Significant CBF differences were identified using a one-tailed
threshold of P<O.OOS. In a previous (unpublished) study of a
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well-charactenzed behavioral task (hand movement), this thr
eshold provided the best balance between Type t and Type Q
errors. Data were analysed both with and without a thr^old
(the exclusion of aU pixels external to those with at least 40%
of the maximal count rate m the control CBF image). Sonthresholded imagrn were used post-hoc to detect any blood flow
changes originating outside tte brain. Automated algorithms
were used to transform each subject's brain MRI into standard
atlas coordinates (8], compute an average of the 12 subjects'
MRI images andsuperimpose each Z-score map onto the aver
aged MRI (Fig. I) to permit visual inspection of the composite
Tte principal analyses consisted ofsubtracting the three neu
tral scans from the three pleasaiu scans and the three neutral
scans from the three unpleasant scans. Structures arc listed
bdow if they exceed the i><0.005 threshold, represent the point
of maximum activation ui an SPM-defined region of interest
on a given slice,and represent the point of maximumactivation
for that stnicture.across slices. Other pomts are also re]Mrted
below if they exceed the P<0.005 threshold and either (i) rep
resent a structure of a priori interest (as defined in the intro
duction) or (n) represent a replication within this study and
across studies. Significant tight-left asymmenies in activity
were determined by direct comparisons between CBF increases
during emotion (pleasantor unpleasant emodon minusneutral)
ia one hemtsphm compared to CBF increases ia homologous
regions in the opposite hemisphere on a pixel-by-pixel basis
which exceeded the /><0.005 threshold.

Results
The ratings data confirmed that the picnires varied as
intended in both pleasure [ft2,22) = 198.8. i* <0.(X)l]and
arousal [n2.22)—25.62. /><0.001]. Unpleasant pictures
were rated lower in pleasantness (mean '2.43) compared
to neutral pictures (mean»S.ll) [fll.11)= 108.9.
/'<0.001]. and pleasant pictures were rated higher in
pleasantness (mean=7.46) [/Tl.ll)3> 152.0. /><0.00i].
Both pleasant [ft MI)=45.57, /><0.00I1and unpleasant
[/(l.lt)=49.28. ^<0.001] pictures were also rated sig
nificantly higher in arousal(mean =4.91 and 5.45. respec
tively) than neutral pictures (inean=X66).
E>ifferences in arousal among the picture contents were
also indicated in the electrodennal responses
[/t2.22)=7.88. /'<0.(X)31, which are primarily an index
of sympathetic nervous systemactivity. Skinconductance
magnitude was larger when viewing unpleasant
(0.06ftSiemens) or pleasant (0.04/iSiemeiis) materials,
compared
to neutral pictures (0.02;iSiemens)
[/ri.ll)= 13.59. /><0.004]. Responses eUcited by
unpleasant pictures were also marginally larger than
chose elicit^ by pleasant stimuli [Hl.n)=4.04,
/'=0.07].
The CBF increases during pleasant and unpleasant
emotion are presented m Tables I and 2. These tables
reveal activation during pleasant and unpleasant emotion
in the thalamus, hypothalamus, midbrain and medial
prefrontal cortex (BA 9). There were no significant CBF
differences between pleasant and unpleasant emotions in
these structures. Compared to neutral, pleasant emotion
was also associated with activation of the head of the
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Medial Ptcfrortal
CoctBC

Cactax

Thalaiims

Pleasant
-20

y

Unpleasant

1-20
Fig. I. Significant CBF increases in the medial prefrontal cortex (BA 9). thalamus and medial temporal lobe/bilateral cerebellmn
during pleasant and unpleasant emotion relative to neutral Normalized revalue maps are superimposed onto an averaged brain MRI
usmg PET data from 12 healthy female subjects. Images in the transverse plane were selected to depict the maximum change in each
of the labelled regions for that emotion condition. The images are denoted by their distance in mm superior (-(-) or inferior (—) to
the level of the horizontal plane between the anterior and postenor commissures. The right side of the brain is displayed on the
reader's right. Lighter areas within each brain image represent lod where Z > —S8. The gray scale shading vanes as a fiinction of
the Z score. The activation in the medial prefrontal cortex associated with unpleasant emotion in plane 32 is located in the brain but
appears to extend beyond it due to smoothing of the images and a slight misalignment in the PET and MRI datadue to their difienng
spatial normalization algonthms. CBF increases in the ocdpito-temporal cortex (BA 18.19. 37) associated with unpleasant emotion
are evident in plane 0. Plane -20 depicts the CBF Increase in the left parahippocampal gyms and bilateral cerebellum associated
with unpleasant emotion. The most ontenor changes in that plane (which are bilateral), extend outside the brain and therefore are
not reported. There are no significant CBF increases associated with pleasant emouon in plane — 20.

caudate nucleus, and unpleasant emotioa was alsoassoci
ated with activation of the left amygdala, hippocampus,
parahippocampal gyrus, and bilateral occipito-temporal
cortex and cerebellum. Blood flow was significantly gre
ater in the latter areas durmg unpleasant compared to
pleasant emotion. There were no CBF increases dunng

pleasant emotion which were greater than neutral and
also greater than unplea.sant emotion.
Images depicting common and unique changes during
pleasant and unpleasant emotion are shown m Fig. I. A
significant asymmetry was observed during unpleasant
compared to neutral emotion centered on the left para-

Table 1. Representative areas of significant cerebral blood flow change dunng pleasant emouon
relative to neutral
Structure
Prefrontal cortex
Left caudate (head)
Thalamus
Hypothalamus
Midbrain

Brodmann's area
9

r
-4
-6

-4
-6
-4

y

52
6
-8
-8
-14

.-

Z score

P

28
4
4
-4
-4

•» -n
3.80
4.73
3.84
3.76

0.005
0.005
0.005
0.005
0.005

Regions are identified by name of structure. Brodmunn's area and stereotactic coordinates in
the bnun atlas of Tolairach and Touraoux [SO]: .r» distance (in mm) to the right (R) (+) or left (L)
(—) of midline: >- > distance antenor (-f-) or postenor (—) to the antenor commissure: r -distance
supenor (-i-) or inferior (—) to a horizontal plane through the anterior and posterior commissures.
Z scores are normalized / statistics that reflect the significance of the activation efTea generated
by the appropriate comparison using SPM. A one-tailed threshold of /><O.OOS was used to
optimize the balance between Type 1 and Type II errors.
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Table 2. Repicsencative areasof significant cerebral blood Bow change duiing unpleasantemotion
relative to neutral
Stmctuie

Brodmann's area

z

V

r

Z score

P

9

_2
—4
_2
-10
-26
-24
-30
-34
48
-40
34

52
-12
-10
-16
-6
-14
-20
-70
-68
-68
-58

32
0
-8
-12
-16
-16
-20
-8
-4
-16
-16

168
5.82
4.n
3.82
3.67
3.46
4.27
5.48
5.50
6J5
5.03

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

Prefrontal conoc
Thalamus
Hypothalamus
Midbram
Amygdala
Hippocampus
Patahippocampal gyrus (L)
Ocdpito-temporal cortex (L)
Ocaptto-iempoial cortex (R)
Cerebellum (L)
Cerebellum (R)

28
18. 19. 37
18.19. 37

See fooaoie to Table I for definitions.

bippocanipal
/»<0.005).

gyms (—34.

—14.

—20;

Z=2.97:

Dbciaaioo
A key question addressed in this study was the degree
CO which Che neural substrates of pleasant andunpleasant

emoctons were similar or different. There was substantial
but not complete overlap in the patterns of activation
during these two emotion coiiditions. While the differ
ences observed are consistent with the cheorecical differ
entiation between an appetitive and an aversive
motivational system, data from this scudy and others
suggest chat the neural substrates of these two systems
share much in common or are closely inter-rdated.
The present findings replicate those from a previous
study of happiness, sadness and disgust [23. 4S]. The
findings in that study were internally replicated using two
different emotion induction methods (fitan and recall).
The present findings extend that work by demonstrating
in a very different paradigm chat the thalamus, hypo
thalamus, midbrain and medial prefrontal cortex are also
activated during the processing of pleasant and
unpleasant pictures that spanned a variety of different
emotions (e.g.. fear, disgust, etc.). These data therefore
suggest that in healthy women the neural substrates of
several types of emotional states overlap. Fmding thac
specific structures are reliably activated across a wide
range of emotion-inducing casks is among che fitst evi
dence of replicable paccems in fimctional brain imaging
studies of normal human emotion.
The medial prefrontal region could be involved in the
conscious experience of emotion [45], inhibition in the
expression of emotion pS] or emotion-related decision
making [9]. Focused experiments are needed to determine
what role or roles the medial prefrontal cortex is playmg
in this context.
One of che uncertainties from our previous study of
film- and recall-induced emotion was whetherthe instruc
tions given to subjects in chat study (e.g.. 'feel happy')

may have induced a self-monitoring state reflected in
prefrontal activity. This can be ruled out in the current
study as subjects were not told prior to each scan what
they would or should feeL
Limitations in spatial resohition and anatomical local
ization also prevent us from identifying che specific Chalamic nuclei responsible for che CBF increases in this
region. Cannon [7] and Bard's [4] work on 'sham rage'
suggest that the anterior thalamus participates in the
integrated behavioral and autonomic expression of
emotion. Visual relay fimctions in the lateral geniculate
nucleus cannot be ruled out in the present context of
emotion-eiidting photographs, nor can a role of the
thalamus in the network of structures mediating con
sciousness [37].
We observed amygdala activation with unpleasant and
not with pleasant emotion, and also found greater amyg
dala activity during perception of unpleasant pictures.
These findings are consistent with recent data indicating
that the defensive startle reflex is augmented when pro
cessing unpleasant pictures such as those used here, and
inhibited during processing of pleasant pictures[26]. Ani
mal models of startle modulation [11] clearly implicate
the amygdala in mediating reflex potentiation by fear.
Furthermore, patients with Urbach Wieche dise^ [I]
(bilateral calcification of the amygdalae) show a selective
deficit in the perception of fear.
A preferential association with the left amygdala has
been demonstrated during the viewing of sad faces com
pared to control conditions [48j. CBF in the left but not
the right amygdala correlated posicively wich fear and
negatively with euphoria indu^ by intravenous pro
caine [21]. Similarly, activation in Che lefc amygdala was
significantly greater during the perception of fearful com
pared to happy facial expressions in a recent PET study
[36]. and left greater than right anterior amygdala acti
vation was observed during perception of fearful com
pared to neutral facial expressions in a recent fimctional
MRI study [6]. Given the limitations in anatomical local
ization associated with PET. the finding in the present
study of an asymmetry in che left medial temporal lobe
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when viewing unpleasant pictures is consistent with these
other recent findings. However, tiw association between
amygdala and unpleasant emotion may not be exclusive
as indicated by tise preliminary observauon by Breiter et
al. [6] that happy relative to neutral faces activated the
amygdala significantly but to a lesser degree than fearful
faces.
The bilateral activations in the occtpito-temporal cor
tex during unpleasant emodon are aim consistent with
CBF changes observed during the elidtaiion of phobic
fear in snalce [52] and spider [IS] phobics. These changes
may reflect projections of the amygdala back to all levels
of the visual system to a degree that exceeds the input
that it receives from these structures [2]. The amygdala
may be playing some role in tuning the visual system
to become more sensitive to threat cues. It is possible,
however, that these changes in the extrastriate visual
cortex reflect the intensity rather than the valence of
emotion. In a recent PET study in men [2S]. significant
extrastriate visual cortical activation wasobserved during
high arousal relative to low arousal pleasant or
unpleasant photos. A fimctional imaging studyin women
experimentally differentiating between different levels of
arousal within each valence category is clearly indicated.
The activation in the head of the caudate nucleus dur
ing pleasant emotion is in the general vicinity of the
predicted activation in the ventral striatum. This finding
is also consistent with an observation in a SPECT study
by Mayburg et al. [33], who observed decreased blood
flow in the caudate nucleus in depressed patients.
Several other predicted areas of activation were not
observed using our threshold of /> <0.003. including the
insula, orbitofrontal cortex and anterior dngulate. Acti
vations of the anterior insula have been observed pre
viously during internally generated (e.g.. recall) rather
than externally generated (e.g.. fihn) emotion [43.44.4S],
as in the present study. With regard to the orbitofrontal
and anterior cingulate cortices, the present paradigm is
quite different from those used in previous studies m
which these structures were activated, and thus this study
should not be considered an attempt at replication. In
generaL negative findings are less meaningful than posi
tive findings in PET studies due to limitations in spatial
resolution, statistical power, heterogeneity in the cog
nitive strategies used to perform the task or a change in
the pattern rather than the level of neuronal acdvity.
The neutral stimuli used in this study controUol for
the presence of complex visual stimuli, the presence of
people and the presence of human faces. However,
approximately one-third of the pleasant and unpleasant
pictures depicted two or more people, while the neutral
photos never depicted more than one person. Therefore,
while the neutral photos controlled for many of the non
specific aspects of the stimuli, it is possible that the social
situations independent of the emotion(s) associated with
them may have contributed to the activadon patterns
observed during pleasant or unpleasant emotion.
In conclusion, the results of this study indicate that

there is considerable overlap in the neural correlates of
pleasant and unpleasant emotion. Activation of the thala
mus, hypothalamus, midbrain and medial prefrontal cor
tex in this study replicates findings from our previous
PET study of discrete emotion [23. 4S]. Activation of
these structures independent of the type of emotion or
method of elicttation suggests that they are ftmdamental
components of a neural network mediating emotion in
healthy women. The exact function or fiinctions of the
medial prefrontal cortex and thalamus in this context
reniain(s) to be determined. Activation of the left medial
temporal lobe (induding the left amygdala and parahippocampal gyrus) and bilateral ocdpito-temporal cor
tex and cerebellum distinguished unpleasantfrom neutral
and pleasant emotions, but these fitidings do not exclude
the possibility that these structures also participate in
plea^t emotion. Activation of the head of the caudate
nucleus was observed during pleasant relative to neutral
emotion, but not relative to unpleasant emotion. This
study therefore supports the view that there is a common
neural substrate foremotion generally and that [he neural
substrates of the appetitive and aversive motivational
systems are at least partially distinguishable in healthy
women. Further work is UKded to delineate the other
components of this network and their respective fiinc
tions. disentangle the specific neural correlates of the
valence and arousal of emotion, and explore whether
there is a specific neural basis of individual emotions.
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Abstract
Emotion and attention heighten sensitivity to visual
cues. How neural activation patterns associated with
emotion change as a function of the availability of
attentional resources is unknown. We used positron emission
tomography (PET) and ^^0-water to measure brain activity in
male volunteers while they viewed emotional picture sets
that could be classified according to valence or arousal.
Subjects simultaneously performed a distraction task that
manipulated the availability of attentional resources.
Twelve scan conditions were generated in a 3x2x2 factorial
design involving 3 levels of valence (pleasant, unpleasant
and neutral), 2 levels of arousal and 2 levels of attention
(low and high distraction).
Extrastriate visual cortical and anterior temporal
areas were independently activated by emotion, arousal and
attention. Common areas of activation derived from a
conjunction analysis of these separate activations revealed
extensive areas of activation in extrastriate visual cortex
with a focus in right BA18 (12, -88, -2) (Z=5.73, p<.001
corrected)and right anterior temporal cortex BA 38 (42, 14,
-30) (Z=4.03, p<.05 corrected). These findings support an
hypothesis that emotion and attention modulate both early
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and late stages of visual processing.
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INTRODUCTION

Emotional arousal modifies the allocation of
attentional resources and heightens sensitivity to
environmental cues related to the motivational state
induced by the provoking stimulus [30]. This is
particularly true for stimuli with inherent significance
for survival, a phenomenon referred to as "natural
selective attention" [22]. Conversely, the way in which
attention is allocated during emotional arousal can
significantly alter an emotional state [31,36].
Although there is a growing literature on the
functional neuroanatomy of visual attention [6,7,9,16],
relatively little functional neuroimaging work has
addressed how attention and emotion interact during visual
processing. We recently demonstrated [21] that a
manipulation of attention profoundly influenced neural
activation while subjects processed emotional pictures. In
that paradigm subjects attended either to the spatial or
emotional aspects of each picture.
An alternative approach is to vary, through an
independent manipulation, the attentional resources
available during picture viewing. Dual task paradigms are a
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powerful means for varying allocation of attentional
resources and have been used in a variety of functional
neuroimaging studies [37,32]. By having subjects view
pictures under conditions of high vs. low distraction, we
examined how this manipulation of attention influenced
neural activation patterns associated with processing
emotional pictures.
One theory of emotion is that it is reducible to two
fundamental dimensions, valence and arousal [23]. Valence
refers to the direction of behavioral activation associated
with emotion, either toward (appetitive motivation,
pleasant emotion) or away from (aversive motivation,
unpleasant emotion) a stimulus.

Arousal is proposed to be

orthogonal to valence and refers to the intensity of the
emotional activation, ranging from excited to calm. To
date, the neural correlates of emotional valence have been
studied in a variety of functional neuroimaging paradigms
[12,19,20,27] but those of emotional arousal have not.
Talcing both dimensions of emotion into account is arguably
necessary to determine whether attention interacts with
emotion per se or with high arousal emotion in particular.
The right hemisphere has long been proposed to have a
special role in both emotional [35] and attentional [33]
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processing. It has been suggested that the right
hemispheric predominance in attention and emotion may be
closely related [14,15], but the nature of this interaction
and the exact location within the right hemisphere where
such an interaction occurs has not been determined. By
examining the neural correlates of emotional valence and
arousal in the context of a dual task paradigm, we were
able to examine the nature and location of the interaction
between attention and the two proposed dimensions of
emotion.

METHODS

Subjects were six healthy right-handed males with no
history of medical, neurological or psychiatric disorder
with a mean age of 33.0 years (SD=7.8). None of the
subjects were talcing medication nor had a history of
substance abuse. All had normal visual and auditory acuity.
Twelve scan conditions were generated from a 3x2x2
factorial design. These factors included: 1) Valence: 3
levels; pleasant, unpleasant and neutral; 2) Arousal: 2
levels; high and low arousal; and 3) Attention: 2 levels;
low and high distraction.
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Emotional valence and arousal were determined bypicture sets created using the International Affective
Picture System [24]. Six types of picture sets were created
by the three valence and two arousal conditions based on
normative ratings in several hundred subjects. Each picture
set consisted of 14 color pictures. Each picture was
presented for 6 seconds followed by a blank screen for 1
second between pictures. Pleasant pictures included low
arousal stimuli such as flowers or ice cream and high
arousal stimuli such as female nudes or skydivers.
Unpleasant pictures included low arousal stimuli such as a
cemetery or garbage and high arousal stimuli such as a
mangled face or a gun aimed at the viewer. Neutral stimuli
included neutral faces, household objects and complex
scenes such as a freeway. During the 30-second period of
maximum signal acquisition the presence of faces and human
figures was matched across neutral and emotional
conditions. Pictures with letters or numbers were excluded.
Picture conditions were counterbalanced across subjects to
address potential order effects.
The distracter tasks consisted of matching keypad
response to auditory tones presented simultaneously during
viewing of the picture sets. There were three keypad keys
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corresponding to three types of tones: low, medium and high
pitched. A tone was presented every 1.25 seconds. The low
distraction condition involved tone presentation in a fixed
sequence: low-medium-high-low-medium-high etc. The high
distraction condition consisted of tone presentation in a
random sequence. Subjects learned the distracter tasks
prior to the scanning session and were told prior to each
scan whether the tones would be presented in a fixed or
random sequence.

Before each scan they were instructed to

attend to the pictures for later recognition test while
making accurate keypad responses. Accuracy and reaction
time data from keypad responses were obtained on 4
subjects.
Electrodes were placed on the forearms for ECG
measurement (lead I), the face for measurement of left
corrugator and zygomatic EMG activity, and the hypothenar
eminence of the left palm for skin conductance measurement.
A skin conductance coupler provided a constant 0.5 volt
across electrodes. The data were sampled at 200 Hz and
reduced off-line. Skin conductance responses (SCR) were
scored as the largest response during the 6-second picture
viewing period beginning 1 to 4 seconds after picture
onset. A log transformation (log [SCR+1]) was used to
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normalize the distribution of these responses. Skin
conductance responses were not observed in one subject,
therefore skin conductance data are presented on five
subjects.
Following each scan subjects made a single rating of
the pleasure and arousal of the entire picture sequence.
The Self-Assessment Manikin (SAM) rating scales for
pleasure and arousal [3] were used to make these ratings
and were on display for the rating period only. Valence
ratings ranged from 1 (very unhappy) to 9 (very happy) and
arousal ratings ranged from 1 (very calm) to 9 (very
excited). To evaluate whether subjects attended to the
pictures during scanning, 21 pictures were presented
immediately after the scan ended including the 14 pictures
just presented mixed with 7 new pictures. Subjects
indicated whether or not they had seen each picture during
the scanning period.
Four of the subjects were also studied at a later date
to evaluate any association between eye movements and scan
conditions. The entire imaging protocol was duplicated in
the scanner without radiotracer administration. EOG
recordings of vertical and horizontal eye movements were
obtained and counted manually offline.
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Scans of the distribution of

were obtained using

a Siemens/CPS ECAT EXACT HR+ PET scanner operated in high
sensitivity 3-D mode. Subjects received a total of 350 Mbq
of

(about 8 mCi) over 20 seconds through a forearm

cannula. Images were reconstructed into 63 planes, using a
Hann filter, resulting in a 6.4 mm transaxial and 5.7 mm
axial resolution (full width at half maximum, FWHM). The
data were analyzed with statistical parametric mapping
(SPM97) [10,11] using SPM software from the Wellcome
Department of Cognitive Neurology, London, implemented in
Matlab (Mathworks, Sherborn, MA). After initial
realignment, the scans were transformed into a stereotactic
space that uses a standard coordinate system [39]. The
scans were smoothed using a Gaussian filter set at 16 mm
FWHM. The regional cerebral blood flow (rCBF) equivalent
measurements were adjusted to a global mean of 50
ml/dl/min. A blocked (by subject) ANCOVA model was fitted
to the data at each voxel, with separate condition effects
for each level of valence, arousal and attention.
Predetermined contrasts of the condition effects at each
voxel were assessed using the t statistic (converted to z
scores), giving a statistic image for each contrast. MRI
scans of the head of each subject were co-registered with
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PET data for purposes of anatomical localization and
transformed into this stereotactic space. Local maxima are
reported in this stereotactic space. Findings that exceed a
height threshold of z = 3.09, p <.001 uncorrected are
tabulated.

RESULTS
A. Behavioral Data
Valence ratings for pleasant (mean=7.04; SD=1.27)
picture sets were significantly higher (t=8.50; df=5;
p<.001) and valence ratings of unpleasant (mean= 2.25; SD
=1.11) picture sets were significantly lower {t=6.45; df=5;
p<.001) than valence ratings of neutral picture sets (mean
=4.67; SD=1,09 ). Self-reported arousal was also greater
during pleasant (mean = 5.54; SD=2.62; t=3.82; df=5; p<.01)
and unpleasant (mean = 6.83; SD=1.79; t=11.65; df=5;
p<.001) than neutral picture sets (mean=3.04; SD=1.85).
Pleasant and unpleasant picture sets did not differ in
arousal level (t=1.88; df=5; NS). High arousal pleasant
pictures (mean=7.67; SD=0.78) were more arousing

(t=11.12;

df=5; p<.001) than low arousal pleasant pictures (mean =
3.42; SD=1.98). High arousal unpleasant pictures
(mean=7.67; SD=1.37) were more arousing (t=5.42; df=5;
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p<,003) than low arousal unpleasant pictures (mean=6.00;
SD=1.81).
The valence and arousal values for the six types of
picture sets from this sample were then compared to the
valence and arousal values for males in the U.S.
(calculated from the U.S. population norms for the
individual pictures in each set) [24],

These normative

values constituted the principal basis for selecting
pictures for each picture set. Of the six comparisons, the
only significant difference (Z=2.10, p< .018) was that
subjects in this sample rated the low arousal unpleasant
picture sets as more arousing than U.S. males. The
correlations between the self-reported ratings of this
sample and American norms (valence: r=0.98, n=12, p< .001;
arousal: r=0.90, n=12, p< .001) were guite high. These
findings confirm that the lAPS picture sets, which were
created based on American norms, evoked comparable
subjective responses in the British subjects we tested.
Skin conductance responses did not differ between the
pleasant, unpleasant or neutral conditions, or between the
low and high distraction conditions. However, skin
conductance responses were greater during high arousal
pleasant than low arousal pleasant conditions (t=3.41.
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df=4, p<.02) and during high arousal emotional (pleasant
and unpleasant) compared to low arousal conditions (t=2.26,
df=4, p<.05, 1-tailed).
The low distraction tasks (mean=89.1% correct;
SD=2.64) were performed more accurately (keypad responses
correctly matched to tones) (t=4.48; df=5; p<.007) than
were the high distraction (mean=83.3% correct; SD=3.60)
tasks. Similarly, reaction time was significantly greater
(t=7.59, df =5, p<.001) during the high (mean=574.8 msec;
SD=26.0) compared to the low (mean=452.3 msec; SD=24.3.3)
distraction tasks.
There were no differences in vertical or horizontal
eye movements as a function of the valence or arousal level
of the picture sets. However, there were more total eye
movements during the low compared to the high distraction
conditions (Fi,io= 8.98, p<.01), attributable to more
vertical movements (Fi,io = 10.5, p<.01).
To evaluate the effect of the distraction conditions
on self-reported experience, we then compared the valence
and arousal ratings of the six types of picture sets in the
low and high distraction conditions. There were no
significant differences.
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Post-scan picture recognition accuracy percentage was
very high (mean =94.0%, range 89.6 - 98.8%, SD =6.66) with
no significant differences as a function of valence or
arousal. The recognition accuracy for each subject
significantly exceeded the 50% accuracy expected by chance
(p<.001),

indicating that subjects attended to the

pictures during the scans. Recognition accuracy was
significantly lower (t=3.18; d=5, p<.025) following the
high distraction (mean = 91.8%, SD=4.2) compared to the low
distraction conditions (mean = 96.3%, SD = 1.8). There were
a total of 15 false positive (3% error rate) and 74 false
negative (7.3% error rate) errors across the 72 scans,
indicating that errors more commonly involved not
recognizing pictures to which subjects had been previously
exposed.

B. Functional Imaging Data
Neural activation patterns associated with processing
emotional pictures are displayed in Table 1. Pleasant
emotion relative neutral (Table la) was associated with
activation in the putamen, medial prefrontal cortex, right
anterior temporal cortex and left extrastriate visual
cortex. Unpleasant emotion relative to neutral (Table lb)
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was associated with activation in the right extrastriate
visual cortex. Valenced emotion (pleasant and unpleasant
emotion relative to neutral) (Table Ic) was associated with
activation of bilateral extrastriate visual cortex and the
right anterior temporal region; within the cluster which
was maximal in left extrastriate cortex (BA18) a secondary
activation was observed in right extrastriate visual cortex
(BA 18) (coordinates = 8, -86, 4; z=4.32, p<.001
uncorrected).
Processing high arousal relative to low arousal
stimuli (including neutral stimuli) was associated with
bilateral extrastriate visual cortical activation (Table
Id). Right anterior temporal activation was also observed
(coordinates = 38, 28, -34; z = 2.55, p<.005 uncorrected).
Processing high arousal pleasant and unpleasant stimuli
compared to low arousal pleasant and unpleasant stimuli
(excluding neutral stimuli) (Table le) was also associated
with activation (p<.001, corrected) in right extrastriate
visual cortex, as well as activations in right anterior
temporal cortex, left amygdala, thalamus and medial
prefrontal cortex (BA9).
Neural activation patterns associated with the
distraction task are displayed in Table If.

Across all
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emotion and neutral conditions, low distraction (relative
to high distraction) was associated with activation of
right parahippocampal gyrus and medial prefrontal cortex,
left anterior temporal cortex, bilateral inferior temporal
cortices, inferior frontal cortex, left lingual gyrus and
left parahippocampal gyrus. Activations also included right
anterior temporal cortex (coordinates= 40, 16, -28, z=3.20,
p<.001 uncorrected) and right extrastriate visual cortex
(coordinates= 40, 92, 0; 2=4.27, p<.001, uncorrected).
A conjunction analysis was performed to determine
where there was an overlap in activation patterns
associated with emotional valence (Table Ic), arousal
(Table Id) and attention (Table If). This analysis (Figure
1) revealed an extensive area of activation in extrastriate
visual cortex with a focus in right BA18 (12, -88, -2)
(Z=5.73, p<.001 corrected; cluster size = 11,236, p<.001
corrected) and right anterior temporal region BA 38 (42,
14, -30) (Z=4.03, p<.001 uncorrected; cluster size=238,
p<.05 corrected).
Interaction analyses were performed to evaluate
whether differences in activation between valenced emotion
and neutral and between high and low arousal emotion varied
as a function of the availability of attentional resources.
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There were no significant findings in predicted regions
associated with the 2-way low distraction x emotional
valence interaction, the 2-way low distraction x high
arousal (excluding neutrals) interaction or the 3-way low
distraction x high arousal (excluding neutrals) x emotional
valence interaction.

discussion

The purpose of this study was to evaluate how
alterations in attentional resources influenced the
activation patterns associated with the processing of
emotion-evoking pictures. The finding of a common
activation pattern associated with valence, arousal and
attention in right extrastriate visual cortex and right
anterior temporal cortex indicates common modulations of
visual processing both at very early and late stages of
cortical analysis.
Activation of extrastriate visual cortex has been
demonstrated in several functional neuroimaging studies of
emotion induced by visual stimuli [4,20,25,28,34,40]. Our
observation of amygdala activation during emotional arousal
is consistent with other findings [18]. Amaral [1] has
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shown that the amygdala sends reentrant projections to all
levels of the visual-processing stream to an extent that
exceeds afferent inputs to it. Morris and colleagues [28]
have demonstrated that activation of the amygdala results
in context dependent modulatory effects in extrastriate
visual cortex.

Specifically, the amygdala modulates extra

striate regions as a function of whether the current input
consists of happy or fearful faces. The present study
provides further evidence of a context-dependent modulatory
effect on extrastriate cortex with respect to emotional
valence, attention and arousal.
The current paradigm was specifically designed to
examine the interaction between emotion and attention. A
relative disadvantage of this approach is that emotional
and neutral responses were always elicited in the context
of a distracter task. It is likely that the resources
available for processing the emotional stimuli were reduced
by simultaneous performance of another task. Furthermore,
the distracter tasks likely introduced a behavioral
activation component in all conditions, including neutral.
It may be speculated, then, that significant activation of
the amygdala and thalamus emerged only in the high arousal
conditions because higher intensity responses were needed
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to show a clear effect of emotion in the context of
simultaneous distraction.
Single unit recordings in non-human primates [26] and
a variety of functional neuroimaging studies in healthy
volunteers have suggested that attention modulates activity
of extra-striate visual cortex [38]. Attention has the
effect of limiting the number of stimuli processed in a
complex array, thus enhancing the perceptual processing of
selected stimuli. This is analagous to the effect of
emotional arousal on perceptual processing. Thus, the
overlap in neural activation patterns between emotion and
attention demonstrated in this study may correspond to
their functional overlap at the behavioral level.
Activation of extrastriate visual cortex can occur as
a result of increased visual stimulation introduced by eye
movements [39]. However, we note that a recent fMRI study
by Lang and colleagues [25] showed that extrastriate
activity was greater during viewing of pleasant or
unpleasant compared to neutral pictures, and that these
effects were not attributable to eye movements. Our eye
movement and functional neuroimaging data are consistent
with these findings. The observation that the low
distraction conditions were associated with more vertical
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eye movements relative to the high distraction conditions
is consistent with other evidence that the distracter tasks
constituted a successful manipulation of attention.

Since

the eye movement data were obtained after brain imaging was
completed it is not possible to determine with certainty
the extent to which vertical eye movements correlate with
extrastriate activity.
A striking observation is that the right temporal pole
is commonly activated by emotional valence, arousal and
attention. This is a hierarchically higher-order visual
cortical area that has reciprocal connections to amygdala,
hippocampus (via perirhinal and entorhinal cortices) and
prefrontal cortex [29]. This area has been activated during
complex visual discrimination [29], retrieval of emotionladen episodic memories [8] and attending to subjective
emotional responses [21]. Electrical stimulation of this
area in monkeys causes significant autonomic changes [17],
consistent with its hypothesized role in emotional
processes. The current findings indicate a role for
anterior temporal cortex in processing the emotional
meaning of visual stimuli. This evaluation might include
retrieval of past emotional experiences for the purpose of
evaluating the significance of the current stimulus and
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guiding the associated behavioral response. Attention may
augment processing of this information at this late stage
prior to its utilization in affect generation and response
execution. It therefore appears that emotion and attention
jointly contribute to the processing of visual information
at a late stage of analysis, prior to the execution of a
response to the environmental stimulus. The degree to which
this occurs appears to be significantly compromised (or
possibly inhibited) by distraction, as indicated by lower
activity in the high distraction condition.
The right hemisphere has a predominant role, relative
to the left, in the perception of emotional stimuli in the
visual [2] and auditory [13] modalities and in the
regulation of the autonomic activation associated with
emotional arousal [41]. While the right hemisphere also
preferentially participates in a network mediating
attention [33], little is known about the extent to which
these emotion-related and attention-related functions of
the right hemisphere overlap. The right-sided convergence
of emotion, arousal and attention effects seen in our study
may reflect these right-sided asymmetries [14,15]. It is
possible that during emotional arousal attentional
mechanisms are automatically recruited, supporting the
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notion that the observed overlap in neural activation
patterns exists because the same functional process is
being studied in different contexts.
Medial prefrontal cortex was also activated in the low
relative to high distraction conditions, in the high
relative to low arousal conditions and in the pleasant
relative to neutral conditions. This is an area that has
been activated in previous PET studies of emotion [19,20]
and in a study of the neural correlates of intravenouslyinfused yohimbine [5], an alpha-2 antagonist that
stimulates release of norepinephrine from the locus
ceruleus. This area of medial prefrontal cortex is also
very close to a region of the medial prefrontal cortex that
we previously hypothesized participated in the
representation of emotional experience [21]. The current
findings indicate that activation in this area is
associated with enhanced attention in the context of
viewing emotional pictures, or, equivalently, deactivation
during distraction. These findings together raise the
possibility that the dampening of emotional experience with
distraction is associated with a relative deactivation in
this area. The failure to observe medial prefrontal
activation in the unpleasant-minus-neutral comparison could
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be related to a possible aversive response to the
distracter tasks, which could have rendered the neutral
conditions somewhat unpleasant.
In conclusion, emotion is a mechanism that enables an
organism to adapt psychologically, physiologically and
behaviorally to meet environmental challenges. It has been
well established through behavioral research that attention
is altered during emotional arousal such that there is a
heightened sensitivity to cues related to the current
emotional state. In this study we have demonstrated that
emotional valence, arousal and attention independently
increase activity in extrastriate visual cortex and the
anterior temporal region, suggesting that their conunon
influence converges both early and late in visual analysis.
These areas of convergence, and their lateralization to the
right hemisphere, support an hypothesis that emotion and
attention influence visual processing through shared
mechanisms.
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captions of tables and figure

Table 1. Regional cerebral blood flow (rCBF) increases
during pleasant emotion (Table la), unpleasant emotion
(Table lb) ,

valenced emotion (pleasant and unpleasant)

(Table Ic), high arousal relative to low arousal conditions
(including neutral stimuli)(Table Id), high arousal
relative low arousal conditions (excluding neutral stimuli)
(Table le), and low distraction relative to high
distraction conditions (Table If).

Local maxima are

identified by name of structure, Brodmann's area and
stereotactic coordinates, x = distance (in mm) to the right
(R) (+) or left (L) (-) of midline; y = distance anterior
(+) or posterior (-) to the anterior commissure; z =
distance superior (+) or inferior (-) to a horizontal plane
through the anterior and posterior commissures. Z-scores
are normalized t-statistics that reflect the significance
of the activation effect using SPM. All rCBF increases that
exceed a threshold of p<.001 uncorrected are displayed. The
last column depicts the number of voxels in the cluster
within which this local maximum is located. Asterisks
indicate statistical significance of the height (Z score)
or extent (cluster size) of the activation after correction
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for multiple comparisons (* = p<.05;

** = p<.01;

*** =

p<.001).

Figure 1. A statistical parametric map (SPM) showing a
statistically significant overlap in rCBF increases
attributable to emotional valence (pleasant and unpleasant
relative to neutral), arousal (high relative to low
arousal) and attention (low relative to high distraction)
in right extra-striate visual cortex (coordinates: 12, -88,
-2). The figures in the upper right and upper left are
projection images in the coronal and saggital planes,
respectively. The transverse view in the lower left depicts
the spatial distribution of the overlap in activation
(Z=5.73, p<.001, corrected) superimposed on the average
structural MRI of the 6 male subjects. The figure in the
lower right demonstrates blood flow values in each
condition (pleasant: conditions 1-4; neutral: conditions 58; unpleasant: conditions 9-12; low distraction: odd
numbered conditions; high distraction: even numbered
conditions; low arousal: conditions 1,2,5,6,9,10; high
arousal: conditions 3,4,7,8,11,12).
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Figure 2.

A statistical parametric map (SPM) showing a

statistically significant overlap in rCBF increases
attributable to emotional valence (pleasant and unpleasant
relative to neutral, arousal (high relative to low arousal)
and attention (low relative to high distraction) in the
right anterior temporal region. The figures in the upper
right and upper left are projection images in the coronal
and saggital planes, respectively. The transverse view in
the lower left depicts the point of maximum overlap in the
activations (coordinates: 42,14, -30; Z=4.03, p<.001,
uncorrected) superimposed on the average structural MRI of
the 6 male subjects. The cluster size (238 voxels, p<.05
corrected) is depicted most clearly in the saggital view.
Also evident is the overlap in activations in bilateral
extrastriate visual cortex that exceed a threshold of
p<.001 uncorrected. The figure in the lower right
demonstrates blood flow values in each condition at this
specific locus in the right anterior temporal region
(pleasant: conditions 1-4; neutral: conditions 5-8;
unpleasant: conditions 9-12; low distraction: odd numbered
conditions; high distraction: even numbered conditions; low
arousal: conditions 1,2,5,6,9,10; high arousal: conditions
3,4,7,8,11,12).
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WE anmineii nennl activitr associated with selectivdy
attending to subjective emadanai responses in a study
where subjects viewed emodonal picture sets. During
picture viewing when subiects attended to their lubjecdve emodonal responses, highly significant increased
neural activity was elicited in ronral anterior dngnlate
(BA 32) (Zz&87, p< 0.001, corrected). By contrast,
under the same stimulus conditions whra subjects
attended to spatial aspects of identicai picture sets activation was observed in the parieto-ocdpital cortex bilat
erally (Z^SJl, p<OMU correcttd). The findings
indicated a specific role hr the anterior dngulate cortex
in representing subjective emotional responses and are
consistent with a suggested rote (or associated medial
pre^ntal structures in representing states of mind.

Neural activation during
selective attention to
subjective emotional
responses
Richard D. Lane,^-^ Gereon R.Hnk,^
Phyllis M.-L Chau^
and Raymond J. Dolan^*^
'Oeparttnent of Psychiatry, University of
Arizona College of Medicine, Tucson, AZ. USA;
^ellcome Department of Cognitive Neurology,
Institute of Neurology, Queen Square, London
WC1 3BG, UK

^-^-^Corropoodiag Author and Addrtn
Key words: Anterior dngulate cortex; Attention; Emotion;
Functionai imaging

Introduction

Materials and Methods

There are two divergent concepts relating co the
neural basis of emodonal behaviour and experience.
One view holds that emodonal experience is a
by product of neural computadons associated
with processing of value-laden stimulL' An altemadve view proposes i specific hmcdonal anatomy
based on observadons chat deficits in emodon^
experience may ensue in padents with specific brain
lesions.- However, litde is known about how
subjective aspects of emodon are represented in the
intact brain.
Selecnve visual attendon can modulate taskspecific neural activicy in early visual pathways as
seen, for example, during visual processing.'-* In
this experiment we tested the hypothesis that selecdvely attending to subjecdve emodonal responses, in
the context of processing emodonal stimuli, would
modulate neural acdvity supporting the represenadon of emodonal experience. We addressed this
hypothesis by creating emodonal picture sets and
comparing the neural responses under condidons
when the subjects attended to either the evoked
emodonal response or co spatial aspects of the
depicted scenes.

The subjects were 10 healthy right-handed males with
a mean age of 23.9 years (s.d. = 53) without a history
of medical, neurological or psychiatric disorder.
None of the subjects were taking medicadon or had
a history of substance abuse. All subjects had normal
visual acuity.
Picture sets were created from the Intemadonal
Affective Picture System^ using normative valence
(pleasure) and arousal ratings obtained from several
hundred male subjects. Six types of emodonal picture
sets were created which varied in the percentage
of neutral pictures contained within each sec. This
variadon spanned from 10% to 90% in increments
of 16%. The variadon in emodonal content wichin
sets was introduced so that subjects would not adopt
a fixed-response
mode with respect to the cype of
emodon chey were processing. Neucral stimuli
included neutral faces, household objects and com
plex scenes such as a freeway. Remaining pictures
(Le. the emodonal picture sets) in each picture
set were equally divided between pleasant and
unpleasant. Pleasant pictures included stimuli such as
flowers, ice cream, female nudes and skydivers.
Unpleasant pictures included stimuli such as a ceme
tery, a manned face, a snake and a gun aimed at the
viewer. Two versions of each picture set were created
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and the two versions were counterbalanced across
subjects with respect to their occurrence in either of
the two experimental conditions.
The stimuli in each condition consisted of 3C
pictures with the sequence typically beginning about
9 s prior to the onset of a scan. Each picture was
presented for 500 ms with an interstimulus interval
of 3.0 s. Three hundred milliseconds after picture
of^et. a visual guide for keypad responses, as
described below, appeared on the screen for tSOC ms.
The experimental conditions involved varying
anentional focus in relation to the picture sets. In
the internal focus condition subjects indicated
whether the picture evoked a pleasant, unpleasant or
neutral feeling via corresponding word prompts
which appeared on the screen. Subjects were explic
itly instructed to make this rating based on their
emotional response to the picture. In the external
condition subjects indicated whether the picture
depicted a scene which was 'indoors', 'outdoors' or
'either', again prompted by the respective wonls on
the screen. Responses in both conditions were made
via 1 manual keypad.
Ourmg a familiarization session, in advance of
scanning, subjects practised responses on the internal
and external focus conditions. During a debriefing
session all subjects indicated that emotional responses
were evoked during both conditions but reported
more enduring awareness of this response in the
internal condition.
Twelve PET derived measures of regional cerebral
blood flow (rCBFr), six in each anentional condi
tion, were obtained using H,''0 were obtained using
a Siemens/CPS ECAT E3GVCT HR+PET scanner
operated in high sensitivity 3-D mode. Subjects
received a total of 350 MBq of Hj^'O (about 8 mCi)
over 20 s through a forearm cannula, Images were
reconstructed into 63 planes, using a Manning filter,
resulting in a 6.4 mm transaxial and 3.7 nun axial
resolution (full width at half maximum, FWHM).
The data were processed and analysed with stati
stical parametric mapping (SPM97)* using SPM
software from the Wellcome Department of Cog
nitive Neurology, London, implemented in Matlab
(Mathworks, Sherbom, MA). After initial realign
ment, the scans were transformed into standard
stereotactic space. The scans were smoothed using a
Gaussian filter set at 16 mm FWHM. The regional
cerebral blood flow (rCBF) equivalent measurements
were adjusted to a global mean of 50 ml/dl/min by
performing an analysis of covariance on a subjectspecific basis. MRl scans of the head of each subject
were co-registered with PET data for purposes of
anatomical localization and transform«i into this
stereotactic space. Local maxima are reported in this
stereotactic space.
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Results
Across all picture sets the percentage of pleasant
(mean s.cL) 3U £ 5.5%), unpleasant (3U ± 6.8%)
and neutral (37.0 £ 9.6%) keypad responses did not
differ. These results indicate that the emotional
arousal induced by the pictures influenced how
neutral pictures were perceived with a greater number
being rated emotional than expected on the basis of
normative ratings. Reaction times during the six
internal (U8±0.1s) and six external (U6£0.1s)
conditions did not differ, indicating tiiat the catego
rization judgments in the two conditions were
comparable.
The first comparison involved that of the internal
focus with the external focus of anention condition.
This comparison revealed increased neural activiiy
that was maximal in anterior cingulate cortex (BA32;
Z = 6.74; p < 0.001, corrected) and extending into
medial prefrontal cortex (BA9; Fig. I). Other areas
of significant rCBF increase in this comparison
included the right temporal pole (BA 38) extending
into the medial aspect of the right temporal lobe and
a homologous area on the left with peaks of activa
tion in the frontal operculum (Z = 5.13, p < 3.05,
corrected) and insula ^ = 4.79, p =c 0.05, corrected).
An activation of lesser magnitude was evident in
the vicinity of the left ventral cingulate. The coordi-

Sagittal
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Representing subjective emotional stress
TaM« 1.

Areas of signrficant acovatipn during selective aoention for the two main contrasts
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nates of the foci of maximal acdvanon are shown in
Table 1.
The opposite comparison of the external focus
with the internal focus of attention (Le. activations
associated with attention to the spatial aspect of the
depicted scenes) revealed increased neural activity in
the left paheto*occipital conex (Z = 5^1, p < 0.001,
corrected; see Fig. 2). A similar activation was iden
tified (Z s 4^, p < O.OOl, uncorrected) in an homoU
ogous area on che right. The coordiiutes of the foci
of maximal activation are shown in Table I.
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Discussion
These data indirarc chat selective attention to
emodonal experience activates the anterior dngulate
cortex. The anterior nngtilarr has a known role in
both motor attention and response selection.'
However, these aspects of attendon do not provide
a sufficient explanadon for the current findings. First,
the area of anterior dngulate cortex acdvated in this
study is anterior to that tjrpically associated with
attendon.*-* Second, the response time data indicate
that the internal and external attendon tasks were
comparable in attendonal demands. Third, in our
control condidon, selective attendon to the locadon
of the scene was associated with bilateral activanon
in a region known to pardcipate in the evaluadon of
spadal reladonships.'°^' Oar interpretadon of che
data is that acdvadon in anterior dngulate is related
to che emodonal processing and representadon
emphasized in the internal condidon. This interpre
tadon is consistent with Papez' suggesdon that this
region is 'the seat of emodonal experience.*'^
The maximum acdvadon during the internal focus
condidon is localized to the dngulate sulcus, che
anatomical border between che anterior dngulate
(BA32) and the medial prefrontal cortex (BA9).
While this area (BA32) can also be described as
paradngulate cortex we followed the convendons of
Vogt and colleagues in "Hing this region dngulate
cortex." Vogt et aL" have determined that the
cytoarciutectonic characterisdcs of pregenual Brodmann's area 32 is transidonal from anterior dngulate
to medial prefrontal cortex. Similarly, Barbas and
Pandya'* have described a gradual change, from
caudal to rostral direcdon, in laminar characterisdcs
from limbic periallocortex toward isocordcal areas
in medial prefrontal cortex. This suggests chat a
rigid distincdon between this pordon of che anterior
dngulate cortex and che medial prefrontal cortex
is misleading. Given (hat che observed acdvadon
extended into both anterior cingulate and medial
Vol 8 No 18 22 Decambar 1997
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pre^ncal cortex ic mosi likely reflects processes
characteristic of these two regions.
Activanon of right
anterior temporal region,
medial prefrontal cortex and anterior cingulatf conex
has been reported during retrieval of affect-laden
autobiographical memories.'* Wt interpret our acti
vation as reflecting the likelihood that evaluation of
the emotional significance of a novel stimulus neces
sarily involves reference to previous experience. The
activation of the insula is also of interest in that this
region participates in visceral sensation, autonomic
regulation'* and emotion.'^ The current finding
suggests that interoceptive cues are preferentially
amplified during selective attention to emotional
experience.
The picture sets were invariant across the two
study condinons with the sole difference being
instruction to subjects and task response. Thus the
contrasted conditions (internal and external foci)
share implicit aspects of emotional processing and
possibly early explicit emotional responses. Struc
tures known to be involved in emodonal processing
such as the amygdala" may well have been activated
in both conditions and are consequently not evident
in the current study. In this regard it is striking that
the condition requiring a spatial analysis of the
presented scenes, and where the emotional content
was not the focus, activated regions known to be
involved in spatial aspects of attention.""'-" As the
content of the visual input was balanced across condi
tions this indicates that the differential response we
observe in the anterior cingulate is susceptible to a
modulatory attentional effect.
Activadons of anterior cingulate cortex, involving
both BA24 and BA32, have been observed in
functional neuroimaging studies that span a wide
range of cognitive contexts including selective
attention and memory (for review see Ref. 20).
Moduladon of pain-related neural activity in anterior
cingulate cortex (BA32) as a fiinction of selfreported affective unpleasantness has recently been
described.^' Furthermore, depressed patients show
significant acdvity decreases in anterior cingulate
cortex suggesdng that this structure plays a fondamental role in the regulation of mood.° The activa
tion we observed when subjects attended to their own
internal emotional responses, is more anterior to the
foci reported in these studies which is suggestive of
a distinct functional role.
A hypothesis that this region of anterior cingulate/medial prefrontal conex is crucially implicated
in the represenution of emodonal experience is
supported by neuropsychological studies. Lesions of
the anterior dngulate cortex produce akinetic
mutism, a condition associated with biunting of
emotional experience.^ As noted above, padents with
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lesions in ventromedial prefrontal cortex have deficits
in the capacity to experience emotion and to udlize
that informadon in decision making.* Foilow-up
studies of padents with prefrontal leucotomies reveal
that they are unable to anticipate the emotional
consequences of their acdons to self and others,
leading to behaviour which at times is socially inap
propriate.^* Thus, neuropsychological and funcnonal
imaging data provide converging evidence thai the
anterior dngulate cortex/mediL preffontal cortex are
key structures in the representadon of enwdonal
experience. This contendon is also in line with other
evidence that related medial prefrontal structures are
involved in representing other aspects of states of
mind.^

Conclusion
This study indicates that the anterior cingulate cortex
and medial prefrontal cortex play a specific role in
representmg subjective emodonal responses. Other
areas which parddpate in this funcdon include the
right temporal pole, insula and ventral ringiilatr
cortex. Th^ region of the anterior dngularr cortex is
dose to an area of medial prefrontal cortex which
has been shown to play a role in representing the
mental states of others.''
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