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Cerebral Blood Flow Changes
Associated With Attribution of Emotional Valence

to Pleasant, Unpleasant, and Neutral Visual Stimuli
in a PET Study of Normal Subjects
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Objective: To assist in the development of a model for the psychopathology of emotions,
the present study sought to identify the neural circuits associated with the evaluation of vi-
sual stimuli for emotional valence. Method: Seventeen healthy individuals were shown
three sets of emotionally laden pictures carrying pleasant, unpleasant, and neutral content.
While subjects evaluated the picture set for emotional valence, regional cerebral blood flow
was measured with the use of [15O] water positron emission tomography. Subjective ratings
of the emotional valence of the picture sets were recorded. Data were analyzed by compar-
ing the images acquired during the neutral condition with the unpleasant and pleasant im-
age sets and the unpleasant and pleasant conditions with each other. Results: Processing
of pleasant stimuli was associated with increased blood flow in the dorsal-lateral, orbital,
and medial frontal cortex relative to the unpleasant condition and in the cingulate, precu-
neus, and visual cortex relative to the neutral condition. Evaluation of unpleasant stimuli ac-
tivated the amygdala, visual cortex, and cerebellum relative to the pleasant condition and
the nucleus accumbens, precuneus, and visual cortex relative to the neutral condition.
Conclusions: Observing and assigning emotional value to unpleasant stimuli produced ac-
tivations in subcortical limbic regions, whereas evaluation of pleasant stimuli produced acti-
vations in cortical limbic areas. These findings are consistent with the notion of a subcortical
and archaic danger recognition system and a system detecting pleasantness in events and
situations that is phylogenetically younger, involving primarily the prefrontal cortex. 

(Am J Psychiatry 1999; 156:1618–1629)

Emotion processing is composed of evaluative, ex-
periential, and expressive components (1). The evalua-
tion of affect may be correct or incorrect depending on
an individual’s ability to identify the emotional valence
carried by an event or an object and is influenced by

mental illness. For example, for patients with depres-
sion, positive life events are often considered negative
or harmful. Patients with schizophrenia instead seem
to be unable to extract the emotional content from a
situation or experience, whether the experience is plea-
surable or unpleasant. Because people with psychiatric
disorders lose their capacity to distinguish between
pleasant and unpleasant experiences and the ability to
assign the appropriate emotional valence to these ex-
periences, developing cognitive models of emotional
processing in healthy humans will assist in identifying
the neural mechanisms of serious mental illnesses such
as schizophrenia, depression, anxiety, and posttrau-
matic stress disorder (2).

Neuroimaging techniques permit identification of the
in vivo neural substrates of many domains of brain
function such as memory, attention, and sensation. Al-
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though several research reports have been published (3–
10), the study of emotions through use of neuroimaging
technology has lagged behind studies of cognition.

We report here on a study examining the functional
neuroanatomy associated with the attribution of affec-
tive valence to visual stimuli carrying positive, nega-
tive, and neutral content. The study, which used the
[15O] water positron emission tomography (PET)
method in healthy young volunteers, focused on one
component of the process of affective evaluation, i.e.,
the degree to which experiences or objects are judged
as pleasant or unpleasant (11).

METHOD

Subjects

Subjects were 17 healthy right-handed individuals (10 women and
seven men) recruited from the community. The group had a mean
age of 31.2 years (SD=8.7), mean education of 14.5 years (SD=1.6,
range=12–18), and no history of psychiatric/neurological disorder,
alcohol/substance abuse, or current use of psychotropic medications.
No gross brain abnormalities were found on magnetic resonance
(MR) scans. Mean full-scale IQ (12) was 110.17 (SD=12.42, range=
83–133), verbal IQ was 106.83 (SD=8.73, range=88–122), and per-
formance IQ was 112.28 (SD=16.12, range=80–138). Subjects per-
formed within the high end of the normative curve on the Benton Fa-
cial Recognition test, short form (mean score=23.67, SD=1.97,
range=20–27) (13). All subjects gave written informed consent to
protocols approved by the University of Iowa Human Subjects Insti-
tutional Review Board.

Activation Stimuli

Three sets of activation stimuli were used in the present study:
pleasant images, unpleasant images, and neutral images. Each set of
stimuli was shown once. In each condition subjects viewed a set of
18 complex images displayed on an 11-by-8-inch computer monitor.
Images were displayed individually for 2 seconds; thus, each image
set was presented for 36 seconds. The order of picture presentation
was neutral-pleasant-unpleasant in order to minimize possible inten-
sity carryover effects (14). The screen was positioned approximately
14 inches from the subject. Images were 7.75 inches wide and 7.5
inches high and subtended 29° of visual angle in height and 28° in
width. Timing of the activation was such that image displays began
10 seconds before the arrival of the [15O] water bolus in the brain,
assessed individually for each subject.

Images were chosen from The International Affective Picture Sys-
tem (15) through a multistep process that achieved a wide range of
pleasant images/emotions such as happiness, appetite, satisfaction,
beauty, and success. Unpleasant emotions included fear, disgust, sor-
row, and disappointment. The International Affective Picture System
(15) provides a large data set of standardized, emotionally evocative
color pictures associated with highly reliable affective judgments and
psychophysiological responses (11, 15). Pictures with high, low, and
neutral normative valence ratings were first identified. Normative
valence and arousal ratings were available from a large sample of
healthy subjects on a scale ranging from 0 to 9 (0=very negative and
9=very positive valence or arousal) (15). Images with high arousal,
sexual content, or interpersonal violence were removed. Next, the
selected pictures were shown to a large group of healthy individuals
and rated for valence. The pictures with the smallest standard devia-
tions were retained in order to ensure that all subjects would have a
similar emotional response during the PET experiment. The slides
were rated again for valence by another group of healthy individu-
als. Finally, the 18 pictures with the highest and lowest ratings were
selected, along with 18 neutral pictures. The three picture sets in this
study were equated in terms of content (i.e., number of pictures con-
taining people, faces, objects, and scenes). Mean normative valence

scores were 2.25 (SD=0.65) for the unpleasant picture sequence,
7.68 (SD=0.36) for the pleasant picture sequence, and 5.49 (SD=
0.75) for the neutral sequence. Mean normative arousal scores were
5.73 (SD=0.74) for the unpleasant sequence, 4.69 (SD=1.03) for the
pleasant sequence, and 3.00 (SD=0.64) for the neutral sequence.
Mean picture luminance was 12.37 feet/candles (SD=0.49) for the
unpleasant picture set, 12.47 (SD=0.49) for the pleasant set, and
12.36 (SD=0.35) for the neutral set. A description of the pictures is
in appendix 1.

Before viewing each set, subjects were instructed to look at the
pictures and were told that they would be rating the pictures as to
how pleasant or unpleasant they were. Subjects were not told that
they needed to correctly identify the emotional valence of stimuli.
Immediately after acquisition of the blood flow image, subjects were
asked to rate the valence of the entire image set on a verbal analog
scale ranging from –7 to 7 (–7=extremely unpleasant, 0=neutral, and
7=extremely pleasant).

PET Data Acquisition

Regional cerebral blood flow (rCBF) was measured by using the
bolus [15O] water method (16–18) with a GE-4096 PLUS Scanner.
The subjects were oriented in the PET scanner with laser light guides
aligned at the orbitomeatal line. The center of the most rostral slice
was indicated by the laser guides. Fifteen slices (6.5 mm center to
center), with an intrinsic in-plane resolution of 6.5 mm full width at
half maximum and a 10-cm axial field-of-view, were acquired. Im-
ages were reconstructed by using a Butterworth filter (cutoff fre-
quency=0.35 Nyquist interval). CBF was determined by using the
[15O] water (50 mCi/injection) method and methods previously de-
scribed (19). For each injection, arterial blood was sampled from
time 0 (injection) to 100 seconds. Imaging, initiated at injection,
consisted of 20 frames at 5 seconds per frame for a total of 100 sec-
onds. The parametric image (i.e., blood flow image) was created by
using a 40-second summed image (initial 40 seconds immediately af-
ter bolus transit) and the arterial input function. A preliminary injec-
tion (sham), to determine bolus arrival time, was employed to estab-
lish stimulus timing (20).

MR Image Acquisition and Processing

MR images consisted of contiguous coronal slices (1.5 mm thick)
acquired on a 1.5-Tesla GE Signa scanner. Technical measures of the
MR image acquisition were as follows: spoiled gradient recalled se-
quence, flip angle=40°, TE=5 msec, TR=24 msec, number of excita-
tions=2. MR images were transferred to the Image Processing Labo-
ratory of the University of Iowa Mental Health Clinical Research
Center for analysis through use of Silicon Graphics workstations
and locally developed software (BRAINS) (21–27).

The initial step of postacquisition processing involved “remov-
ing” the brain from the skull by using a combination of automated
edge detection techniques and manual tracing. Pixels representing
surface CSF are classified through a thresholding procedure and re-
moved from the display. All brains are realigned parallel to the ante-
rior commissure/posterior commissure line and the interhemispheric
fissure to ensure comparability of head position across subjects.
Alignment also places the images in standard Talairach-Tournoux
space (28). At this point, images from multiple subjects or multiple
scans from a single subject can be coregistered. Finally, images are
resliced in three orthogonal planes to produce a three-dimensional
data set that is used for visualization and analysis.

PET Image Processing

The quantitative PET blood flow images were transferred to the
Image Processing Laboratory for further analysis (21–27). The first
step in image analysis involved registration of each individual’s PET
and MR images. The co-registration used a two-stage process. Ini-
tially, a coarse fit based on surface matching of the MR and PET im-
ages was done (29) Then, with the surface fit data used as input, a
variance minimization program was employed for the final co-regis-
tration (30). Brain landmarks identified on the MR image were used
to place each co-registered image into standardized coordinate space
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(28). An 18-mm Hanning filter was applied to the PET images to
eliminate residual anatomical variability.

Statistical Analysis

Statistical analysis of the blood flow images used a modification
of the Worsley method (24, 31, 32). A within-subject subtraction of
relevant conditions was performed (e.g., unpleasant pictures minus
neutral pictures), followed by across-subject averaging of the sub-
traction images and computation of voxel-by-voxel t tests of blood
flow differences.

This study examines the results from three subtractions: pleasant
minus neutral pictures, unpleasant minus neutral pictures, and un-
pleasant minus pleasant pictures. It is not possible to determine from
these subtractions whether decreased flow in a region reflects an ac-
tual decrease in blood flow in the region or relatively higher flow in
that region in the comparison condition. In such analyses, conditions
are measured relative to one another and are referred to as activa-
tions. Comparison of one emotional condition with both the oppo-
site valence and neutral conditions will give insight into the neural
circuitry involved.

Data reported in tables 1, 2, and 3 show the location of peaks
(with anatomical localization based on visual inspection of co-regis-
tered MR and PET images and Talairach-Tournoux coordinates); the
x, y, z Talairach-Tournoux coordinates, the tmax (highest t value
identified in the peak), and the volume of the peak (in cubic centime-
ters) that exceeds the t value of 3.61 (df≈3872) threshold. This
threshold, which has been consistently used by our center, corre-
sponds to an uncorrected significance level of <0.0005 per voxel. Re-
gions of significant activation were identified on the t-map images
and corrected for the large number of t tests performed, the lack of
independence between voxels, and the resolution of the processed
images (24, 31, 32). There were about 300,000 gray matter voxels in
our images, representing approximately 242 resolution elements
(31). After filtering, the three-dimensional image resolution is 2.5 cc.
The degrees of freedom were extremely large for the t tests:
df≈3872=number of resolution elements x (number of subjects –1).
Only areas that exceeded 50 contiguous voxels were tabled, in order
to omit isolated outlying values.

RESULTS

Subjects’ ratings of the unpleasant (mean score=–6.12,
SD=1.4), pleasant (mean=6.10, SD=1.1), and neutral
(mean=2.38, SD=1.6) picture sets were consistent with
the intended valence (F=358, df=2, 15, p<0.0001). Rat-
ings of the neutral and pleasant stimuli were statisti-
cally different (F=57, df=1, 16, p<0.0001), as were the
neutral/unpleasant (F=457, df=1, 16, p<0.0001) and
the unpleasant/pleasant (F=680, df=1, 16, p<0.0001)
comparisons.

Evaluation of unpleasant visual stimuli relative to
pleasant stimuli produced activations in primary and
secondary visual cortex and in the superior semilunar
lobule of the cerebellum. The left amygdala was rela-
tively more active during evaluation of unpleasant
stimuli (table 1 and figure 1).

Evaluation of pleasant stimuli produced activations
bilaterally in the medial, orbital, and dorsal lateral
frontal cortex (table 1 and figure 1).

Subjects showed relatively higher blood flow in the
primary visual cortex, left retrosplenial cingulate, and
right precuneus in the pleasant picture condition. Bilat-
erally, the posterior cingulate gyrus was also more ac-
tive (table 2 and figure 2) in the pleasant than in the
neutral condition.

Evaluating neutral visual stimuli produced relatively
higher blood flow, compared to the evaluation of pleas-
ant pictures, in the visual association cortex, right fron-
tal operculum, and entorhinal cortex. Several cerebellar
locations, including the superior and inferior semilunar

TABLE 1. Neural Substrates of Emotional Evaluation of Unpleasant and Pleasant Visual Stimuli for 17 Healthy Subjects

Condition and Areaa tmax
b

Volumec 
(cc)

Number
of Voxels

Coordinated

x y z

Unpleasant
Amygdala (areas 34, 28) 4.35 0.9 416 –25 –4 –12
Associative visual cortex

Right lingual gyrus (area 19) 6.00 2.6 1211 14 –56 –1
Left fusiform gyrus (area 19) 4.74 2.2 1026 –43 –64 –11
Right lateral occipital gyrus (area 19) 4.82 1.9 897 26 –77 5

Primary visual cortex
Site 1 (area 17) 4.42 0.4 179 4 –58 10
Site 2 (area 17) 4.15 0.1 66 –6 –83 7
Site 3 (area 17) 3.98 0.1 66 –11 –78 2

Cerebellum: superior semilunar lobule 4.96 0.8 377 17 –77 –20
Pleasant

Medial frontal cortex
Site 1 (area 8) –7.27 2.3 1094 0 29 35
Site 2 (area 8) –3.95 0.2 108 –7 28 47

Dorsal lateral frontal cortex
Left (area 10) –5.13 2.2 1017 –25 57 7
Right (area 9) –5.13 0.7 347 35 34 31

Right orbital frontal cortex (area 11) –4.02 0.2 72 27 52 –9
a Brodmann’s area.
b Highest t value identified in the peak; df=3872.
c Volume of the peak that exceeds the t=3.61 threshold.
d Coordinates correspond to those from the Talairach atlas; x, y, and z represent spatial coordinates with respect to a point located in a hor-

izontal plane through the anterior and posterior commissures (z=0), at the midline of this brain slice (x=0), and at the midpoint between
the anterior and posterior commissures (y=0). The x coordinate is the distance in millimeters to the left (negative) and to the right (positive)
of the midline. The y coordinate is the distance in millimeters anterior (positive) or posterior (negative) to the midpoint between the anterior
and posterior commissures. The z coordinate is the distance in millimeters above (positive) or below (negative) a horizontal plane through
the anterior and posterior commissures.
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lobules, the pyramid of the vermis, and the nodulus,
were also relatively more active (table 2 and figure 2).

Evaluation of unpleasant stimuli produced activa-
tions in the primary and secondary visual cortex in-
cluding bilateral fusiform gyri. The left retrosplenial
cingulate gyrus and the right precuneus were relatively
more active in a pattern very similar to that seen dur-
ing evaluation of pleasant stimuli table 3 and figure 3).
In addition, there was increased flow in the left nucleus
accumbens. The neutral condition produced relative
activations bilaterally in the dorsal lateral and orbital
frontal cortex and in the left frontal operculum, bilat-
erally in the anterior cingulate, and in several locations

in the cerebellum including the bilateral superior and
right inferior semilunar lobules.

DISCUSSION

This study examined the functional neuroanatomy
associated with the attribution of emotional valence
to visual stimuli. Subcortical limbic regions were acti-
vated during attribution of valence to unpleasant
stimuli, whereas cortical limbic areas were activated
during attribution of valence to pleasant stimuli re-
gardless of the comparison condition used. How may
these findings be interpreted? Humans and nonhu-

TABLE 2. Neural Substrates of Emotional Evaluation of Pleasant and Neutral Visual Stimuli for 17 Healthy Subjects

Condition and Areaa tmax
b

Volumec 
(cc)

 
Number 
of Voxels

Coordinated

x y z

Pleasant
Left and right posterior cingulate (area 23) 6.03 1.5 709 –2 –25 –27
Left retrosplenial cingulate (area 29) and right precuneus (area 31) 5.49 3.4 1615 8 –52 26
Right primary visual cortex (area 17) 3.90 0.1 57 10 –81 4

Neutral
Frontal cortex (operculum, area 47) –4.34 0.5 226 36 15 –17
Left entorhinal cortex (area 38) –5.01 1.5 718 –22 6 –30
Associative visual cortex (area 19) –4.59 0.6 298 –35 –73 –11
Cerebellum

Right superior semilunar lobule –5.17 1.4 672 18 –77 –20
Left superior semilunar lobule –5.46 1.1 510 –19 –75 –21
Right inferior semilunar lobule –3.97 0.4 165 31 –68 –33
Pyramid of vermis –4.28 0.4 165 –7 –63 –30
Nodulus –3.96 0.1 57 6 –54 –27

a Brodmann’s area.
b Highest t value identified in the peak; df=3872.

cVolume of the peak that exceeds the t=3.61 threshold.
dSee footnote d, table 1.

TABLE 3. Neural Substrates of Emotional Evaluation of Unpleasant and Neutral Visual Stimuli for 17 Healthy Subjects

Condition and Areaa tmax
b

Volumec 
(cc)

Number 
of Voxels

Coordinated

x y z

Unpleasant
Left nucleus accumbens 4.75 0.3 154 –17 18 –8
Left retrosplenial cingulate (area 29) and right precuneus (area 31) 6.08 5.3 2518 2 –52 19
Associative visual cortex

Superior occipital gyrus (area 19) 4.46 0.6 271 –31 –79 17
Right fusiform gyrus (area 19) 4.39 0.3 139 20 –59 –2
Left fusiform gyrus (area 19) 4.16 0.2 86 –25 –64 –3

Primary visual cortex (area 17) 5.23 4.1 1968 –7 –85 5
Neutral

Dorsal lateral frontal cortex
Right (area 9) –3.91 0.2 100 38 29 32
Left

Site 1 (area 10) –4.65 0.4 211 –24 62 2
Site 2 (area 9) –4.24 0.2 109 –43 29 25
Site 3 (area 9) –4.10 0.2 85 –28 55 –26

Orbital frontal cortex
Right (area 11) –5.28 2.3 1099 28 53 –12
Left (area 11) –4.67 0.7 319 –26 53 –12

Left frontal cortex (operculum, area 47) –3.99 0.1 53 –40 25 –3
Bilateral anterior cingulate (area 32) –4.47 1.2 585 0 32 35
Cerebellum

Right superior semilunar lobule –4.81 1.6 346 47 –43 47
Right superior semilunar lobule –4.15 0.2 85 39 –70 –18
Left superior semilunar lobule –3.91 0.1 54 –36 –52 –33
Right inferior semilunar lobule –3.97 0.1 52 40 –52 –39

a Brodmann’s area.
b Highest t value identified in the peak; df=3872.

cVolume of the peak that exceeds the t=3.61 threshold.
dSee footnote d, table 1.
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man animals have very efficient neural mechanisms to
detect danger that developed much earlier than the
massive enlargement of the frontal cortex observed in
primates. The danger recognition system, which is
crucial for the survival of the species, evolved in order
to function effectively with least cortical appraisal
and thus is largely subcortical (33). Human and non-
human animals respond to a sudden danger in a
somewhat stereotypic and universal way that initially
does not involve complex cognitive processing and
achieves promptness to escape. The ability to appreci-
ate the positive aspect of events and situations, how-
ever, requires more sophisticated processing of the
stimuli that is individually personalized and has the

characteristic of a “higher” cortical process. It is thus
arguable that the detection of pleasant features relies
on a rather phylogenetically newer circuit that in-
volves largely the prefrontal cortex and the cortical
executive system.

A way of isolating a differential neural response to
attribution of emotional valence in pleasant and un-
pleasant pictorial stimuli that is least influenced by
arousal is to subtract these two conditions from one
another. This subtraction showed increased activity in
the amygdala associated with the attribution of emo-
tional valence to the unpleasant stimuli, whereas emo-
tional evaluation of pleasant stimuli was associated

FIGURE 1. Neural Substrates of Emotion in a Study of 17 Healthy Subjects: Unpleasant Minus Pleasant Conditionsa

a Three orthogonal views are shown in each figure, with transaxial at the top, sagittal in the middle, and coronal on the bottom. Crosshairs
are used to show the location of the slice. Images follow radiological convention and show location as if the viewer were standing at the
foot of the bed (transaxial views) or facing the patient (coronal views). Statistical maps (t maps) of the PET data, showing regions that are
significantly activated, are superimposed on a composite MR image derived by averaging the MR scans from the subjects. The value of t
is shown on the color bar on the right. Two types of statistical maps are provided. The “peak map” (left side of image) shows the small
areas where all contiguous voxels exceed the predefined threshold for statistical significance (t=3.61). The “t map” (right side of image)
shows the value of t for all voxels in the image and provides a general overview of the landscape of increases in blood flow during the task.

The planes have been chosen to illustrate the location of the relevant activity for each specific task. 
In this figure, activations due to attribution of pleasant valence are depicted in red/yellow tones. Blue/purple tones indicate relative in-
creased blood flow during detection of neutral valence. Crosshairs are placed in a positive peak that is present on the left and that repre-
sents the amygdala (the limbic component); a positive peak is also seen in the left lingual gyrus. A negative peak, reflecting greater activity
during the neutral condition, is present in the left frontal lobe (sagittal plane).
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with several areas in the orbital medial and dorsal lat-
eral prefrontal cortex.

The role of the amygdala in emotional behavior has
been recognized (34–37). Studies using affective ma-
nipulations of sensory/cognitive tasks or drugs have as-
sociated the amygdala with emotions in humans (4, 6,
8, 9, 14, 38–41). Results from this study are consistent
with research showing amygdala involvement in emo-
tion evaluation, specifically in extraction of affective
content from visual stimuli (8, 9, 14, 42–46).

Whether the amygdala may specifically process only
one of several possible negative emotions (9, 42) or
play a very general role in all affective behavior (47–
49) is one of the open questions in emotional neuro-
science (14). In contrast to the view positing a role of
the amygdala in the appraisal of only one negative
emotion, e.g., fear (42), the present study found that
increased amygdala activity was associated with evalu-
ation of a wide range of unpleasant stimuli grouped in
a pictorial sequence.

Consistent with the majority of the literature (8, 9,
42, 45), the present study found no evidence of hu-
man amygdala involvement in the attribution of pos-
itive valence to visual stimuli with pleasant content.
Using picture sets derived from the same source (50)
and a similar study design, Lane et al. (45) have
shown left amygdala activation in response to un-
pleasant but not pleasant visual stimuli. The higher
amygdala blood flow in response to unpleasant rela-
tive to pleasant stimuli, but not relative to neutral
stimuli, is consistent with the observations of Morris
et al. (9). They reported left amygdala blood flow in-
creases with increasing fearfulness and decreases with
increasing happiness in the visual stimuli (9). Rapid
habituation to happy faces (14) may also account for
the absence of amygdala differential activity observed
in response to visually presented pleasant stimuli.
Furthermore, the human amygdala may be involved
in the mental processes necessary to detect affective
valence for both negative and positive stimuli in other

FIGURE 2. Neural Substrates of Emotion in a Study of 17 Healthy Subjects: Pleasant Minus Neutral Conditionsa

a See figure 1 footnote for general description of images. A positive peak is present bilaterally that represents the posterior cingulate gyrus
(the limbic component); positive peaks are also seen in the left retrosplenial cingulate and the right precuneus; these peaks represent the
memory component of the task. A negative peak, reflecting relative greater activity during the neutral condition, is located at the level of
piramis of the cerebellum.
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cognitive domains (47). In nonhumans, the amygdala
participates in emotion processing for both negative
and positive stimuli regardless of the delivery of the
stimuli (33, 48, 51).

Results from the present study do suggest, however,
that in humans affective evaluation of pleasant stimuli
in the visual domain is carried on with a substantial
contribution from the frontal lobe. This is consistent
with findings from a number of research areas that
suggest that the orbital frontal cortex plays an impor-
tant role in representing information about reinforcing
stimuli. Specifically, lesions of the orbital frontal cor-
tex in animals interfere with short-term memory of re-
ward information. The animal no longer can discrimi-
nate between good and bad (52). Neuronal cells in the
orbital frontal cortex respond to information about re-
ward or punishment (53–55).

The present study is also consistent with previous re-
search in healthy humans and individuals with clinical
depression. Human inferior, medial, and orbital pre-
frontal cortices play an important role in emotional

cognitive processes (3, 4, 40, 56) including recognition
of facial emotion (57). Frontal regions are also en-
gaged in the assessment of facial attractiveness (58).
Patients with full-blown depression, a condition that
affects the patient’s ability to detect and take pleasure
in joyful events and situations, show decreased perfu-
sion in the left dorsal lateral and bilateral medial pre-
frontal regions (59, 60). In patients with brain injury,
damage to the left dorsal lateral frontal cortex is asso-
ciated with clinical depression (61–65). Damage to the
orbital frontal cortex is also associated with dimin-
ished ability in social decision making and detection of
emotional clues (66, 67), leading to changes in person-
ality (68). Taken together, these findings support the
notion that the prefrontal cortex is part of a neural sys-
tem engaged in detection of positive features in objects,
events, and mental states.

The relative increased blood flow in the frontal lobe
during the neutral/unpleasant comparison is consistent
with the above hypothesis and may be explained by the
different degree of pleasant valence detected by subjects.

FIGURE 3. Neural Substrates of Emotion in a Study of 17 Healthy Subjects: Unpleasant Minus Neutral Conditionsa

a See figure 1 footnote for general description of images. Crosshairs are placed in a positive peak representing the left nucleus accumbens
(the limbic component). A prominent negative peak, representing relative greater blood flow during neutral, can be observed in the frontal
cortex (axial view).
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Increased activity of primary and associative visual
cortex was found in the unpleasant/pleasant compari-
son, as well as in the pleasant and unpleasant versus
neutral comparisons. The observation of increased
blood flow in the visual cortex during processing of
emotional pictorial stimuli is frequent (4, 7, 9, 45, 69)
but poorly understood. Since the experimental and
neutral stimuli in our and other studies (4, 9) were
matched for content complexity and luminance, it is
arguable that some of the visual areas in the circuit
may have been activated as a result of subcortical lim-
bic back-signaling to visual cortex for a secondary as-
sessment of the visual stimuli (33). Consistent with
previous studies (45), visual association areas were rel-
atively more active in the unpleasant/pleasant and un-
pleasant/neutral comparisons. Visual association areas
may be preferentially involved in the evaluation of un-
pleasant visual stimuli in young individuals (7, 46).

In the pleasant versus neutral subtraction, evalua-
tion of pleasant pictures increased blood flow bilater-
ally in the posterior cingulate (Brodmann’s area 23).
Functions attributed to the posterior cingulate in-
clude monitoring sensory events and the organism’s
own behavior with respect to spatial orientation and
memory (70–74). However, the role of the posterior
cingulate as a component of the limbic system (75)
(and therefore in emotion) should probably be reeval-
uated in light of recent data. The posterior cingulate
cortex of the macaque is strongly connected with or-
bital medial prefrontal cortex area 11m (76) and par-
ticipates in instrumental avoidance learning in the
rabbit (77). In humans, increased blood flow in the
posterior cingulate is associated with classic condi-
tioning (78), comprehension of narratives necessitat-
ing the attribution of mental states (79) or metaphors
(80), and recall of emotionally laden personal memo-
ries (81). The left posterior cingulate showed in-
creased activity during implicit recognition of emo-
tion (9). These and our findings suggest that the
posterior cingulate gyrus may be involved in implicit
and/or explicit evaluation of past and present contex-
tual and emotional experiences.

Attribution of unpleasant valence relative to neutral
showed relative increased activity in a nucleus of the
basal forebrain: the nucleus accumbens. This subcorti-
cal nucleus, which is part of the limbic striatum (82), re-
ceives major input from the amygdala (83, 84) and may
influence the anterior cingulate via the ventral pallidum
(85). Whereas the classic view has seen the nucleus ac-
cumbens playing a role in appetitive motivation and
positive reinforcement (86–90), a variety of aversive
and stressful situations (e.g., active avoidance behavior)
increase dopamine release within the accumbens (91–
95). Recently, the function of the accumbens has been
conceptualized as linking motor and motivational pro-
cesses that characterize goal-directed behavior (96).

Relative to the neutral condition, evaluation of ei-
ther pleasant or unpleasant stimuli activated the left
retrosplenial cingulate (Brodmann’s area 29) and the
right precuneus (Brodmann’s area 31). These shared

neural substrates may represent memory component
necessary during attribution of pleasant or unpleasant
character to emotionally charged stimuli. Consistent
with this hypothesis, the precuneus has been shown to
be involved in episodic retrieval (97) dependent on vi-
sual imagery (98), as well as in recall, planning, and as-
sociative thinking (99–101). We posit that in order for
humans to be consciously aware of a stimulus (and
therefore examine its affective valence), the sensory
representations of the stimulus need to be compared
with past experiences of that stimulus and associated
emotions (33). This evaluation and its encoding in ep-
isodic memory, which involves the retrosplenial cingu-
late cortex (97), are simultaneous processes.

Understanding the physiological meaning of areas of
relative decreased blood flow is particularly challeng-
ing. Suspension of activity during the passive task or
rest state (102) or true neural inhibitions are proposed
interpretations (103). In the present study there was no
“rest” state in that subjects attributed valence during
all tasks. Therefore, neural inhibition or relative in-
creased blood flow during the neutral condition (7, 24,
99) may apply. These hypotheses help in the interpreta-
tion of two main findings in the present study that were
not expected: the large cerebellar activation in the neu-
tral condition (relative to both pleasant and unpleasant
conditions) and the several frontal regions activated
during neutral relative to unpleasant stimuli evaluation.

No verbal response or other movements were re-
quired during the PET experiment. Eye movement-re-
lated increased cerebellar flow during the most arous-
ing tasks might have been expected in areas such as the
vermis, fastigial nuclei, and floccular lobe (104–106).
Instead, relative increased neocerebellar cortex blood
flow was observed during the neutral condition. Con-
sistent with a cerebellar role in cognition (24, 107–110)
including attention (111), this finding may be ex-
plained by a relatively more sustained attentional de-
mand during the neutral condition in light of a deci-
sional process evidently less straightforward compared
to the pleasant or unpleasant condition. The increased
blood flow in the anterior cingulate in the neutral/un-
pleasant comparison also points to a greater attentional
load.

Whereas it is convenient under scholarly principles
to divide emotion into evaluative, experiential, and ex-
pressive components, in real-life situations they may,
albeit to a different degree, occur in some combina-
tion. Similarly to an ecological situation, the subjects
in this study may have experienced “some” emotional
arousal during attribution of valence. Experimental in-
vestigations using PET are currently under way in our
laboratory to dissociate the functional neuroanatomy
of evaluation and experience of emotion.

In conclusion, the present study has traced the func-
tional neural anatomy associated with attribution of
emotional valence in visual stimuli. Cortical limbic re-
gions were associated with pleasant and subcortical re-
gions with unpleasant valence regardless of the compar-
isons between the different experimental conditions. In
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the direct comparison, detection of pleasant stimuli dis-
played increased prefrontal activity, whereas detection
of negative stimuli exhibited increased activity in the
amygdala. Understanding the normal neural circuitry
that supports the affective evaluation of events will help
to uncover the neuroanatomical basis of psychiatric dis-
orders with prominent emotional disturbances such as
depression, anxiety disorders, posttraumatic stress dis-
order, and schizophrenia.
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