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Abstract—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 associated with negative 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 tomographic (PET) measurements of
regional cerebral blood flow were obtained. Pleasant and unpleasant emotions were each distinguished from neutral emotion
conditions by significantly increased cerebral blood flow in the vicinity of the medial prefrontal cortex (Brodmann’s area 9), thalamus,
hypothalamus and midbrain (P <0.005). Unpleasant was distinguished from neutral or pleasant emotion by activation of the bilateral
occipito-temporal cortex and cerebellum, and left parahippocampal gyrus, hippocampus and amygdala (£ <0.005). Pleasant was
also distinguished from neutral but not unpleasant emotion by activation of the head of the left caudate nucleus (P <0.005). These
findings are consistent with those from other recent PET studies of human emotion and demonstrate that there are both common
and unique components of the neural networks mediating pleasant and unpleasant emotion in healthy women. © 1997 Elsevier
Science Ltd
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Introduction until such work is done the applicability of findings in

animals and patients to intact humans will be uncertain.
The neural substrates of human emotion have received Fundamental work in laboratory animals including
considerable attention recently. Major theoretical treat- non-human primates has significantly advanced our
ises on the brain and emotion by Damasio [9] and understanding of the neural substrates of facial emotion
LeDoux [31] have recently been published. These inte- perception [41], visceral sensation associated with emo-
grative theses have been possible largely due to recent tion [3], fear [11, 31], reward [14], the influence of reward
experimental findings in animals and observations in pat- and punishment in biasing future behavior [46], and the
ients with brain lesions. An important next step, which integration of somatomotor and visceromotor output
has already begun, is to determine how these findings associated with emotional arousal [12]. These functions
relate to functioning in the intact human brain using have been related in particular to the ventral visual pro-
functional brain imaging techniques such as positron cessing stream, insula, amygdala, ventral striatum includ-
emission tomography (PET) and functional magnetic res- ing nucleus accumbens and ventral tegmental area,
onance imaging (MRI) in healthy volunteers. Indeed, orbitofrontal cortex and anterior cingulate cortex, respec-

tively. Studies of patients with lesions affecting face per-
ception [53], fear [1] and use of emotional states to guide
! Address for correspondence: Department of Psychiatry, The behavior [9] have demonstrated important cor-

University of Arizona, P.O. Box 245002, Tucson, AZ 85724, respondences with the animal findings. Functional imag-
USA. ing studies involving emotion have also generated
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important findings involving visual processing areas [15,
30, 45, 52], the insula [23, 43-45], the amygdala [6, 20,
36], the orbitofrontal cortex [19, 23, 40] and the anterior
cingulate 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 mediated in
healthy humans.

A fundamental 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 stimulation 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 ends of a pleasure continuum [38].
This view would suggest that the neural substrates of the
appetitive and aversive motivational systems share 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 circumplex 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 independent of one another [51],
possibly suggesting that their neural substrates are also
independent or more loosely interconnected. Indeed,
LeDoux [31] holds that different types of emotion are
mediated by different neural systems. This perspective
leads to a different way of relating 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 aversive in the former approach. To the
extent that different neural structures subserve the appeti-
tive 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 recalling personal experiences that
evoked happiness, sadness or disgust [23, 45]. The simi-
larities between the neural substrates of the different types
of emotion appeared to be greater than their differences,
supporting the former model. To our knowledge, no studies
involving cerebral blood flow (CBF) measurement have
specifically examined the neural correlates of emotion con-
ditions indicative of the two motive systems.

This study therefore provided a unique opportunity to
determine the extent to which there are common and/or
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 activity in the
thalamus and medial prefrontal cortex. We also predicted
greater activity in the hypothalamus [4], orbitofrontal
cortex, anterior cingulate 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, 43—
45) and extrastriate visual cortex [15, 36, 52] would show
greater activity during unpleasant compared to pleasant
emotion. Finally, we predicted greater activity in the ven-
tral striatum, including the nucleus accumbens and ven-
tral tegmental area [14], during pleasant compared to
unpleasant emotion.

Methods

Subjects

Twelve right-handed, neurologically, medically and psy-
chiatrically well female volunteers aged 18-45years were
recruited through posted announcements. Subjects provided
information about their menstrual and contraceptive history
and were excluded if birth control measures were not adequate.
The sample was restricted to females to maximize the hom-
ogeneity of emotion-dependent changes in CBF and the like-
lihood of intense self-reported emotional experiences [49].
Potential subjects were asked directly about their sexual pref-
erence. Only heterosexual women were studied to ensure that
pictures depicting heterosexual encounters were viewed posi-
tively. The study was approved by the Human Subject Com-
mittees at the University of Arizona in Tucson and the Good
Samaritan Regional Medical Center in Phoenix. Subjects pro-
vided informed consent and received compensation for their
participation.

Experimental design

Pictures were selected from the International Affective Pic-
ture System [28] based on normative pleasure ratings 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 visual stimuli (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-inch color TV monitor pos-
itioned 48 inches above the subject’s face.

Pictures were presented for 6 sec each. The screen was blank
for 1sec between pictures. Bolus injection of radiotracer
occurred at the onset of the ninth picture. Scans began 16sec
after the start of bolus injection during the eleventh picture.
Pictures were never repeated during scans.

The 12 conditions for each subject consisted of three blocks
of four scans each (pleasant, unpleasant, neutral and visual
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fixation). The visual fixation condition was always first in each
block. The three picture conditions were counterbalanced to
control order effects.

Following each scan, subjects made a single rating of the
pleasure and arousal of the entire picture sequence. Each picture
was then presented again (approximately 2min after initial
viewing) and rated for the pleasure and arousal of that picture
as experienced at the time of the initial presentation. The Self-
Assessment Manikin (SAM) rating scales for pleasure and arou-
sal were used to make these ratings [5, 28] 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).

Skin conductance was transduced using Biopac standard
electrodes to the hypothenar eminence of the left palm. A
Biopac skin conductance coupler provided a constant 0.5V
across electrodes. The data were sampled at 1000Hz and
reduced off-line into 12 half-second bins (in uSiemens). Skin
conductance responses (SCRs) were scored as the largest half-
second value during the 6-sec picture viewing period. A log
transformation [log (SCR +1)] was used to normalize the dis-
tribution of these responses.

Imaging procedures

A T1-weighted, three-dimensional Volume Spoiled Gradient
Recalled Acquisition in the Steady State pulse sequence
(SPGR, TE=5msec, TR=33msec, angle=30°, NEX=1,
FOV =24 cm, imaging matrix =256 x 198) was used to acquire
128 contiguous, 1.5-mm-thick horizontal slices of the brain.
These MRI images were acquired prior to the PET session to
ensure structural normality of the brain, facilitate head pos-
itioning in the PET scanner (to include as much of the cerebral
cortex and temporal lobes as possible and to correct for lateral
tilt), and permit co-registration between the PET and MRI
images when this technique is incorporated into our image
analysis software.

Subject preparation for PET included: the insertion of a
catheter in the left antecubital vein to permit tracer admin-
istration; 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 radiation attenuation. During each scan, subjects rested
quietly in the supine position without movement.

Twelve 31-slice PET images of regional CBF were obtained
in each subject using the ECAT 951/31 scanner (Siemens, Knox-
ville, TN, U.S.A.), 40 mCi intravenous bolus injections of *O-
water, 60-sec scans and an interval of 10-15min between scans
[18, 43, 44]. PET images were reconstructed with an in-plane
resolution of 10 mm full width half maximum (FWHM) and a
slice thickness of 5mm 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 Mapping
(SPM). Automated algorithms were used to align each subject’s
sequential PET images [34], transform her PET images into the
standard spatial coordinates of a brain atlas [17, 50], investigate
regional CBF changes independent of variations in whole brain
measurements [16, 17], and generate separate normalized ¢ score
(i.e. Z score) maps of CBF increases during pleasant, unpleasant
and neutral emotion.

Image analysis

Significant CBF differences were identified using a one-tailed
threshold of P<0.005. In a previous (unpublished) study of a
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well-characterized behavioral task (hand movement), this thr-
eshold provided the best balance between Type I and Type II
errors. Data were analysed both with and without a threshold
(the exclusion of all pixels external to those with at least 40%
of the maximal count rate in the control CBF image). Non-
thresholded images were used post-hoc to detect any blood flow
changes originating outside the 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 and superimpose each Z-score map onto the aver-
aged MRI (Fig. 1) to permit visual inspection of the composite
images.

The principal analyses consisted of subtracting the three neu-
tral scans from the three pleasant scans and the three neutral
scans from the three unpleasant scans. Structures are listed
below if they exceed the P <0.005 threshold, represent the point
of maximum activation in an SPM-defined region of interest
on a given slice, and represent the point of maximum activation
for that structure across slices. Other points are also reported
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 (ii) represent a replication within this study and
across studies. Significant right-left asymmetries in activity
were determined by direct comparisons between CBF increases
during emotion (pleasant or unpleasant emotion minus neutral)
in one hemisphere compared to CBF increases in homologous
regions in the opposite hemisphere on a pixel-by-pixel basis
which exceeded the P <0.005 threshold.

Results

The ratings data confirmed that the pictures varied as
intended in both pleasure [F(2,22)=198.8, P<0.001] and
arousal [F(2,22)=25.62, P<0.001]. Unpleasant pictures
were rated lower in pleasantness (mean = 2.43) compared
to neutral pictures (mean=5.11) [F(1,11)=108.9,
P <0.001], and pleasant pictures were rated higher in
pleasantness (mean=7.46) [F(1,11)=152.0, P<0.001].
Both pleasant [F(1,11)=45.57, P<0.001] and unpleasant
[F(1,11)=49.28, P<0.001] pictures were also rated sig-
nificantly higher in arousal (mean=4.91 and 5.45, respec-
tively) than neutral pictures (mean =2.66).

Differences in arousal among the picture contents were
also indicated in the electrodermal responses
[F(2,22)=7.88, P<0.003], which are primarily an index
of sympathetic nervous system activity. Skin conductance
magnitude was larger when viewing unpleasant
(0.06 uSiemens) or pleasant (0.04 uSiemens) materials,
compared to neutral pictures (0.02 uSiemens)
[F(1,11)=13.59, P<0.004]. Responses elicited by
unpleasant pictures were also marginally larger than
those elicited by pleasant stimuli [F(1,11)=4.04,
P=0.07].

The CBF increases during pleasant and unpleasant
emotion are presented in Tables 1 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 Prefrontal
Cortex Thalamus Cortex
Pleasant
Unpleasant |
hipy
P<
32
Fig. 1. Significant CBF increases in the medial prefrontal cortex (BA 9), thalamus and medial temporal lobe/bilateral cerebellum .
during pleasant and unpleasant emotion relative to neutral. Normalized 7-value maps are superimposed onto an averaged brain MRI Disc
using 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 A
the level of the horizontal plane between the anterior and posterior commissures. The right side of the brain is displayed on the tow
reader’s right. Lighter areas within each brain image represent loci where Z > 2.58. The gray scale shading varies as a function of
the Z score. The activation in the medial prefrontal cortex associated with unpleasant emotion in plane 32 is located in the brain but emo
appears to extend beyond it due to smoothing of the images and a slight misalignment in the PET and MRI data due to their differing bUt_
spatial normalization algorithms. CBF increases in the occipito-temporal cortex (BA 18, 19, 37) associated with unpleasant emotion duri
are evident in plane 0. Plane —20 depicts the CBF increase in the left parahippocampal gyrus and bilateral cerebellum associated ence
with unpleasant emotion. The most anterior changes in that plane (which are bilateral), extend outside the brain and therefore are enti:
not reported. There are no significant CBF increases associated with pleasant emotion in plane —20. mot
sugg
shar
: . . . Tl
caudate nucleus, and unpleasant emotion was also associ- pleasant emotion which were greater than neutral and stud
ated with activation of the left amygdala, hippocampus, also greater than unpleasant emotion. findi
parahippocampal gyrus, and bilateral occipito-temporal Images depicting common and unique changes during diffe
cortex and cerebellum. Blood flow was significantly gre- pleasant and unpleasant emotion are shown in Fig. 1. A The
ater in the latter areas during unpleasant compared to significant asymmetry was observed during unpleasant in a
pleasant emotion. There were no CBF increases during compared to neutral emotion centered on the left para- thal:
activ
unpl
emo
Table 1. Representative areas of significant cerebral blood flow change during pleasant emotion su
relative to neutral g8
sevel
Structure Brodmann’s area X y z Z score P Spec
rang
Prefrontal cortex 9 —4 52 28 2.72 0.005 denc
Left caudate (head) —6 6 4 3.80 0.005 studi
Thalamus -4 -8 4 4.73 0.005
Hypothalamus —6 -8  —4 384  0.005 Tt
Midbrain -4  -—14 —4 3.76 0.005 cons
expr
Regions are identified by name of structure, Brodmann’s area and stereotactic coordinates in maki
the brain atlas of Talairach and Tournoux [50]; x = distance (in mm) to the right (R) (+) or left (L) what
(—) of midline; y = distance anterior (+) or posterior (—) to the anterior commissure; z= distance .
superior (4 ) or inferior (—) to a horizontal plane through the anterior and posterior commissures. in th
Z scores are normalized ¢ statistics that reflect the significance of the activation effect generated Or
by the appropriate comparison using SPM. A one-tailed threshold of P<0.005 was used to film-
optimize the balance between Type I and Type II errors. tions
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Table 2. Representative areas of significant cerebral blood flow change during unpleasant emotion
relative to neutral

Structure Brodmann’s area x y z Z score P

Prefrontal cortex 9 -2 52 32 2.68 0.005
Thalamus -4 —-12 0 5.82 0.005
Hypothalamus -2 —10 —8 4.77 0.005
Midbrain -10 —16 —-12 3.82 0.005
Amygdala —26 -6 —16 3.67 0.005
Hippocampus —24 —14 —16 3.46 0.005
Parahippocampal gyrus (L) 28 —-30 —20 -20 427 0.005
Occipito-temporal cortex (L) 18, 19, 37 —34 -70 -8 5.48 0.005
Occipito-temporal cortex (R) 18, 19, 37 48 —-68 —4 5.50 0.005
Cerebellum (L) —40 —68 -16 6.25 0.005
Cerebellum (R) 34 —58 —-16 5.03 0.005

See footnote to Table 1 for definitions.

hippocampal —14, =20, Z=297

P<0.005).

gyrus (—34,

Discussion

A key question addressed in this study was the degree
to which the neural substrates of pleasant and unpleasant
emotions were similar or different. There was substantial
but not complete overlap in the patterns of activation
during these two emotion conditions. While the differ-
ences observed are consistent with the theoretical differ-
entiation between an appetitive and an aversive
motivational system, data from this study and others
suggest that the neural substrates of these two systems
share much in common or are closely inter-related.

The present findings replicate those from a previous
study of happiness, sadness and disgust [23, 45]. The
findings in that study were internally replicated using two
different emotion induction methods (film and recall).
The present findings extend that work by demonstrating
in a very different paradigm that 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. Finding that
specific structures are reliably activated across a wide
range of emotion-inducing tasks is among the first evi-
dence of replicable patterns in functional 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 [35] or emotion-related decision
making [9]. Focused experiments are needed to determine
what role or roles the medial prefrontal cortex is playing
in this context.

One of the uncertainties from our previous study of
film- and recall-induced emotion was whether the instruc-
tions given to subjects in that 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 resolution and anatomical local-
ization also prevent us from identifying the specific thal-
amic nuclei responsible for the 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 functions in the lateral geniculate
nucleus cannot be ruled out in the present context of
emotion-eliciting 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 Wiethe disease [1]
(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 [48]. CBF in the left but not
the right amygdala correlated positively with fear and
negatively with euphoria induced by intravenous pro-
caine {21]. Similarly, activation in the left 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 functional
MRI study [6]. Given the limitations in anatomical local-
ization associated with PET, the finding in the present
study of an asymmetry in the left medial temporal lobe
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when viewing unpleasant pictures is consistent with these
other recent findings. However, the association between
amygdala and unpleasant emotion may not be exclusive
as indicated by the preliminary observation by Breiter e?
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 occipito-temporal cor-
tex during unpleasant emotion are also consistent with
CBF changes observed during the elicitation of phobic
fear in snake [52] and spider [15] 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 [25], significant
extrastriate visual cortical activation was observed during
high arousal relative to low arousal pleasant or
unpleasant photos. A functional imaging study in 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 P <0.005, including the
insula, orbitofrontal cortex and anterior cingulate. Acti-
vations of the anterior insula have been observed pre-
viously during internally generated (e.g., recall) rather
than externally generated (e.g., film) emotion [43, 44, 45],
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 in
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 activity.

The neutral stimuli used in this study controlled 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 activation 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, 45]. Activation of
these structures independent of the type of emotion or
method of elicitation suggests that they are fundamental
components of a neural network mediating emotion in
healthy women. The exact function or functions of the
medial prefrontal cortex and thalamus in this context
remain(s) to be determined. Activation of the left medial
temporal lobe (including the left amygdala and par-
ahippocampal gyrus) and bilateral occipito-temporal cor-
tex and cerebellum distinguished unpleasant from neutral
and pleasant emotions, but these findings do not exclude
the possibility that these structures also participate in
pleasant 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 for emotion generally and that the neural
substrates of the appetitive and aversive motivational
systems are at least partially distinguishable in healthy
women. Further work is needed to delineate the other
components of this network and their respective func-
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.

Acknowledgements—The authors thank Robin Holmgren, Vic-
toria Weldon, Daniel J. Bandy and Lang-Sheng Yun for tech-
nical support. The authors gratefully acknowledge the support
of NIMH Research Scientist Development Awards MH-00972
and MH-00875, the McDonnell-Pew Program in Cognitive
Neuroscience 424590, the Robert S. Flinn Foundation Bio-
medical Research Enrichment Initiative, and the NIMH Center
for Emotion and Attention.

References

1. Adolphs, R., Tranel, D., Damasio, H. and Damasio,
A., Impaired recognition of emotion in facial
expressions following bilateral damage to the human
amygdala. Nature, 1994, 372, 669-672.

2. Amaral, D. G., Price, J. L., Pitkanen, A. and Car-
michael, S. T., Anatomical organization of the pri-
mate amygdaloid complex. In The Amygdala—
Neurobiological Aspects of Emotion, Memory and
Mental Dysfunction, ed. J. Aggleton. Wiley, New
York, 1992, pp. 1-66.

3. Augustine, J. R., Circuitry and functional aspects of
the insular lobe in primates including humans. Brain
Research Reviews, 1996, 22, 229-244.

4. Bard, P., A diencephalic mechanism for the
expression of rage with special reference to the sym-
pathetic nervous system. American Journal of Physi-
ology, 1928, 84, 490-515.

5. Bradley, M. M. and Lang, P. J., Measuring emotion:

10.

1.

13.

14.

15.

16. .

17.

18.

19.

20.



C-
h-
rt
72

rer

0,
al
pn

1d
EwW
of
JJin
he

A

pI:

1L

19.

20.

T T AP R ST M Wy b i

R. D. Lane et al./Pleasant and unpleasant emotion

The Self-Assessment Manikin (SAM) and the sem-
antic differential. Journal of Experimental Psychiatry
& Behavior Therapy, 1994, 25, 49-59.

. Breiter, H. C., Etcoff, N. L., Whalen, P. J., Kennedy,

W. A., Rauch, S. L., Buckner, R. L., Strauss, M.
M., Hyman, S. E. and Rosen, B. R., Response and
habituation of the human amygdala during visual

processing of facial expression. Neuron, 1996, 17,
875-887.

. Cannon, W. B., Bodily Changes in Pain, Hunger, Fear

and Rage, 2nd edn. Appleton, New York, 1929.

. Collins, D. L., Neelin, P., Peters, T. M. and Evans,

A. C., Automatic 3D intersubject registration of MR
volumetric data in standardized Talairach space.
Journal of Computer Assisted Tomography, 1994, 18,
192--205.

. Damasio, A. R., Descartes’ Error. G. P. Putnam,

New York, 1994,

. Davidson, R.J., Ekman, P., Saron, C., Senulis, J. and

Friesen, W. V., Approach/withdrawal and cerebral
asymmetry: emotional expression and brain physi-
ology, 1. Journal of Personality and Social
Psychology, 1990, 58, 330-341.

Davis, M., Neural systems involved in fear-potent-
iated startle. Annals of the New York Academy of
Sciences, 1989, 563, 165-183.

. Devinsky, O., Morrell, M. J. and Vogt, B. A., Con-

tributions of anterior cingulate cortex to behavior.
Brain, 1995, 118, 279-306.

. Dickinson, A. and Dearing, M. F., Appetitive-aver-

sive interactions and inhibitory processes. In Mech-
anisms of Learning and Motivation, ed. A. Dickinson
and R. A. Boakes. Earlbaum, Hillsdale, NJ, 1979,
pp. 203-231.

. Everitt, B. J. and Robbins, T. W., Amygdala—ventral

striatal interactions and reward-related processes. In
The Amygdala: Neurobiological Aspects of Emotion,
Memory and Mental Dysfunction, ed. J. P. Aggleton.
Wiley, New York, 1992, pp. 401-429.

. Fredrikson, M., Wik, G., Annas, P., Ericson, K.

and Stone-Elander, S., Functional neuroanatomy of
visually elicited simple phobic fear: additional data
and theoretical analysis. Psychophysiology, 1995, 32,
4348,

. Friston, K., Frith, C., Liddle, P., Dolan, R., Lam-

mertsma, A. and Frackowiak, R., The relationship
between global and local changes in PET scans. Jour-
nal of Cerebral Blood Flow and Metabolism, 1990, 10,
458-466.

. Friston, K. J., Frith, C. D_, Liddle, P. F., Frackow-

iak, R.S.]J., Comparing functional (PET) images: the
assessment of significant change. Journal of Cerebral
Blood Flow and Metabolism, 1991, 11, 690-699.

. Frith, C., Friston, K., Liddle, P. and Frackowiak,

R., A PET study of word finding. Neuropsychologia,
1991, 29, 1137-1148.

George, M. S., Ketter, T. A., Parekh, B. A., Horow-
itz, B., Herscovitch, P. and Post, R. M., Brain activity
during transient sadness and happiness in healthy
women. American Journal of Psychiatry, 1995, 152,
341-351.

Irwin, W., Davidson, R.J., Lowe, M. J., Mock, B. J.,
Sorenson, J. A. and Turski, P. A., Human amygdala

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34,

35.

36.

1443

activation detected with echo-planar functional mag-
netic resonance imaging. NeuroReport, 1996, 7,
1765-1769.

Ketter, T. A., Andreason, P. J., George, M. S., Lee,
C., Gill, D. S., Parekh, P. 1., Willis, M. W., Hersco-
vitch, P. and Post, R. M., Anterior paralimbic
mediation of procaine-induced emotional and psy-
chosensory experiences. Archives of General
Psychiatry, 1996, 53, 59-69.

Konorski, J., Integrative Activity of the Brain: An
Interdisciplinary Approach. University of Chicago
Press, Chicago, 1967.

Lane, R. D., Reiman, E. M., Ahern, G. L., Schwartz,
G. E. and Davidson, R. J., Neuroanatomical cor-
relates of happiness, sadness and disgust. American
Journal of Psychiatry, 1997, 154, 926-933.

Lane, R. D., Reiman, E. M., Ahern, G. L., Schwartz,
G. E., Davidson, R. J., Axelrod, B. and Yun, L.,
Anterior cingulate cortex participates in the con-
scious experience of emotion. Neuroimage, 1996, 3,
S229.

Lane, R., Chua, P. and Dolan, R., Modulation of
extra-striate visual cortex by emotion, arousal and
attention. Neuroimage, 1997, 5, S115.

Lang, P. J., Bradley, M. M. and Cuthbert, B. N,
Emotion, attention, and the startle reflex. Psycho-
logical Review, 1990, 97, 377-398.

Lang, P. J., Greenwald, M. K., Bradley, M. M. and
Hamm, A. O., Looking at pictures: affective, facial
visceral and behavioral reactions. Psychophysiology,
1993, 30, 261-273.

Lang, P. J,, Bradley, M. M. and Cuthbert, B. N.,
The International Affective Picture System (IAPS):
Photographic Slides. The Center for Research in Psy-
chophysiology, University of Florida, 1995.

Lang, P.J., The emotion probe: studies of motivation
and attention. American Psychologist, 1995, 50, 372—
385.

Lang, P. J., Fitzsimmons, J. R., Bradley, M. M.,
Cuthbert, B. N. and Scott, J., Processing emotional
pictures: differential activation in primary visual
cortex. Neuroimage, 1996, 3, S231.

LeDoux, J. E., The Emotional Brain. Simon & Shus-
ter, New York, 1996.

Mayburg, H. S., Liotti, M., Jerabek, P. A., Martin,
C. C. and Fox, P. T., Induced sadness: a PET model
of depression. Human Brain Mapping Supplement,
1995, 1, 396.

Mayburg, H. S., Lewis, P. J., Regenold, W. and
Wagner, H. N., Paralimbic hypoperfusion in uni-
polar depression. Journal of Nuclear Medicine, 1994,
35, 929-934.

Mintun, M. A. and Lee, K. S., Mathematical realign-
ment of paired PET images to enable pixel-by-pixel
subtraction. Journal of Nuclear Medicine, 1990, 31,
816.

Morgan, M., Romanski, L. and LeDoux, J., Journal
of Neuroscience Letters, 1993, 163, 109-113.

Mortis, J. S., Frith, C. D., Perrett, D. 1., Rowland,
D., Young, A. W., Calder, A. J. and Dolan, R. J., A
differential neural response in the human amygdala
to fearful and happy facial expressions. Nature, 1996,
383, 812-815.




1444

37.

38.

39.

40.

41.

42.

43.

44.

45.

R. D. Lane et al./Pleasant and unpleasant emotion

Newman, J., Thalamic contributions to attention and
consciousness. Conscious Cognition, 1995, 4, 137-
158.

Osgood, C., Suci, G. and Tannenbaum, P., The
Measurement of Meaning. Urbana, University of Illi-
nois, 1957.

Papez, J. W., A proposed mechanism of emotion.
Archives of Neurology and Psychiatry, 1937, 38, 725~
734.

Pardo, J. V., Pardo, P. J. and Raichle, M. E., Neural
correlates of self-induced dysphoria. American Jour-
nal of Psychiatry, 1993, 150, 713-719.

Perrett, D. 1., Hietanen, J. K., Oram, M. W. and
Benson, P. J., Organization and functions of cells
responsive to faces in the temporal cortex. Philo-
sophical Transactions of the Royal Society London,
B. Biological Sciences, 1992, 335(1273), 23-30.
Rauch, S. L., van der Kolk, B. A, Fisler, R. E.,
Alpert, N. M., Orr, S. P, Savage, C. R., Fischman,
A.J., Jenike, M. A. and Pitman, R. K., A symptom
provocation study of posttraumatic stress disorder
using positron emission tomography and script-
driven imagery. Archives of General Psychiatry, 1996,
53, 380-390.

Reiman, E. M., Fusselman, M. J., Fox, P. T. and
Raichle, M. E., Neuroanatomical correlates of
anticipatory anxiety. Science, 1989, 243, 1071-1074.
Reiman, E. M., Mintun, M. A., Raichle, M. E,,
Robins, E., Price, J. L., Fusselman, M., Fox, P. T.
and Hackman, K., Neuroanatomical correlates of a
lactate-induced anxiety attack. Archives of General
Psychiatry, 1989, 46, 493-500.

Reiman, E. M., Lane, R. D., Ahern, G. L., Schwartz,

46.

47.

48.

49.

50.

51.

52.

53.

G. E., Davidson, R. J., Friston, K. J., Yun, L.-S. and
Chen, K., Neuroanatomical correlates of externally
and internally generated human emotion. American
Journal.of Psychiatry, 1997, 154, 918-925.

Rolis, E. T., A theory of emotion, and its application
to understanding the neural basis of emotion. Cog-
nition and Emotion, 1990, 4, 161-190.

Russell, J. A., A circumplex model of affect. Journal
of Personality and Social Psychology, 1980, 39, 1161—
1178.

Schneider, F., Gur, R. E., Mozley, L. H., Smith, R.
1., Mozley, P. D., Censits, D. M., Alavi, A. and Gur,
R. C., Mood effects on limbic blood flow correlate
with emotional self-rating: a PET study of oxygen-15
labeled water. Psychiatry Research: Neuroimaging,
1995, 61, 265-283.

Shields, S. A., Gender in the psychology of emotion:
a selective research review. In International Review
of Studies on Emotion, ed. K. T. Strongman. Wiley,
New York, 1991, pp. 227-245.

Talairach, J. and Tournoux, P., Co-Planar Ster-
eotaxic Atlas of the Human Brain. Thieme Medical
Publishing, New York, 1988.

Watson, D. and Tellegen, A., Towards a consensual
structure of mood. Psychological Bulletin, 1985, 98,
219-235.

Wik, G., Fredrikson, M., Ericson, K., Eriksson, L.,
Stone-Elander, S. and Greitz, T., A functional cer-
ebral response to frightening visual stimulation. Psy-
chiatry Research: Neuroimaging, 1993, 50, 15-24.
Young, A. W., Newcombe, F., de Haan, E. H. F.,
Small, M. and Hay, D. C., Face perception after
brain injury: selective impairments affecting identity
and expression. Brain, 1993, 116, 941-959.

-]

ssssnd

*De

Abs
pert
witt
the

rela
of tl
The
mor
ana
thei

Key

Intx

Pat
acq
rep:
left
wh
uos
the:
itio
the
img
on

pro
furt
an ¢

is o

con

Car

pho



