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The richness of human recollective experience is, in
art, related to evocation of previously experienced
motions.An extensive functional neuroimaging litera-
ure has provided a description of brain regions in-
olved in retrieving emotionally neutral episodic
emories. Whether similar or distinct systems are

nvolved in retrieving emotional memories is unre-
olved. This question motivated the present functional
euroimaging study, using 0–15 positron emission to-
ography (PET), where we compared patterns of brain

ctivation associated with retrieving previously stud-
ed emotional and neutral pictorial material. By vary-
ng task requirements and item density we character-
zed two distinct neural response patterns during
motional memory retrieval. First, we identified an
nterior temporal pole activation that reflected the
sychological set associated with emotional memory
etrieval. Second, we identified a left amygdala re-
ponse sensitive to actual retrieval of emotional items.
hese data suggest distinct functional roles for tempo-
al lobe regions during emotional memory retrieval
nvolving context-related tonic anterior temporal pole
ctivation and a phasic item-related amygdala re-
ponse. We conclude that brain regions involved in
pisodic memory retrieval reflect not only physical
ttributes of stimulus material, for example, their
erbal or visual qualities, but also their affective
ignificance. r 2000 Academic Press

INTRODUCTION

An important, though frequently overlooked, compo-
ent of autobiographical memory is an associated emo-
ional tone that, to varying degrees, is a quality of most
ecollective experience. Indeed, a close functional rela-
ionship between memory and emotion is supported by

number of lines of evidence that include enhanced
earning for events with strong emotional valence
Bower, 1992) and preferential recall for emotionally

aden autobiographical events (Holmes, 1970; Brewer, s

203
988). In this study we address the question of whether
eural systems known to be involved in episodic memory
etrieval also subserve retrieval of emotional episodic
emories. The alternative possibility, based on a trans-

er appropriate processing model, would suggest that
motional memory retrieval involves systems known to
e involved in acquisition of emotional memories (Mc-
augh et al., 1996).
Our experimental approach involved comparing con-

itions where the valence of pictorial material (emo-
ional versus neutral), task requirement (recognition
emory or a judgement task), and density of target

tems (high versus low) were experimentally manipu-
ated. In essence our design involved three factors
task, valence, and target density), each with two levels
see Fig. 1). As this design involved presentation of old
nd new items at test (corresponding to high and low
arget density conditions), it is important to control for
onspecific effects, such as emotional arousal, elicited
y on-line processing of targets and foils, particularly
uring emotional recognition. This issue is addressed
y the judgement condition, where valence and target
ensity is varied in an identical manner to the memory
onditions.

METHODS

Ten healthy male volunteer subjects who were free of
ast and present neurological and psychiatric disorder
ere recruited for the study. None of the subjects were

aking current medication. All patients gave written
nformed consent. The study was approved by the Joint
thics Committee of the National Hospital for Neurol-
gy and Neurosurgery and Institute of Neurology.

STUDY MATERIAL AND PSYCHOLOGICAL TASKS

The study items were visual images of objects or

cenes drawn from the International Affective Pictorial
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204 DOLAN ET AL.
ystem (IAPS), which consists of images standardized
ith respect to emotional valence and arousal (Lang et
l., 1995). The items consisted of two discrete valence
ategories, reflecting either neutral or emotional con-
ent. The emotional content pictures consisted either
ositively or negatively valenced (i.e., pleasant or un-
leasant) items. Twelve study sets were constructed
ontaining lists of 20 items and for each of these study
ists a corresponding test list was constructed. These
est lists varied with respect to the number of study
tems they contained (High target density 5 80% tar-
ets; Low target density 5 0% targets).
Five minutes prior to each scanning window subjects
ere shown a study set of pictures consisting of either
motional or neutral items. Pictures were displayed for
s each during this encoding phase. The task require-
ent was for the subjects to make a valence rating, on a

-point scale, for each of the pictures. Following each
can (following test) subjects gave one arousal rating
or the entire picture set viewed during the scan.
alence ratings range from 1 (extremely unpleasant) to
(extremely pleasant). Arousal ratings range from 1

extremely calm) to 9 (extremely aroused). These rat-
ngs were obtained using a rating scale, the Self-
ssessment Mannikan (SAM) (Bradley and Lang, 1994).
hese ratings were highly correlated with valence
orms from American subjects supporting the validity
f the use of IAPS photos in British subjects. Between
tudy and test, performed during scanning, subjects
ere engaged in a distracter task involving serial

ubtraction, for 2 min, to prevent item rehearsal.
xperimental conditions were counterbalanced across
ubjects.
The psychological tasks involved either a visual

ecognition or judgement task. During scanning sub-
ects were presented with picture sequences, some of
hich they had previously seen at study. Pictures were
isplayed for 6 s followed by a blank screen for 1 s

FIG. 1. The experimental design involving three conditions each
ith two levels. These comprise task (memory or judgement), target
ensity (high versus low), and valence of material (emotional or
eutral).
ISI 5 7 s). As outlined the proportion of study items i
ontained in these test sequences varied from either 85
r 0%, constituting high and low target conditions,
espectively. This manipulation of target density was
rossed with valence (emotional or neutral conditions)
nd with task (recognition or judgement conditions).
In the memory recognition task subjects responded
ith a yes/no response to indicate whether they had

een each individual item at study. In the judgement
ask subjects made an outdoor/indoor judgement. The
roportions of binary responses in this condition was
ailored to match that of the memory task, i.e., outdoor
esponses were similar in number to correct high and
ow target responses in the memory condition.

Valence and arousal ratings were obtained at the
onclusion of each scan, which confirmed that valence
atings for unpleasant (t 5 5.05; df 5 10; P , 0.001)
nd pleasant (t 5 2.2; df 5 11; P 5 0.05) picture sets
ere significantly different from neutral picture sets in

he predicted direction. These findings indicate that
ictures classified as pleasant, unpleasant, and neutral
ere experienced as such during neuroimaging. Self-

eported arousal ratings for pleasant (mean 5 4.39;
D 5 1.69), unpleasant (mean 5 5.14; SD 5 2.24), and
eutral (mean 5 3.59; SD 5 2.01) pictures did not dif-

er significantly. The correlations between scanning
easures and normative data were 0.97 for valence

nd 0.79 for arousal ratings. Since arousal ratings for
motional pictures typically exceed those of neutral
ictures, these findings suggest that the psychological
ask requirements attenuated the intensity of the
ssociated emotional arousal.

FUNCTIONAL IMAGING

Overall 12 perfusion scans were acquired, to index
ondition-specific neural activity, using a SIEMENS/
PS ECAT EXACT HR1 (model 962) PET scanner

Siemens/CTI, Knoxville, TN) in 3-D mode with a 15-cm
xial field of view. Relative rCBF was measured from
he distribution of radioactivity after slow bolus i.v.
njection of H2

15O (9 mCi per scan, each lasting 90 s).
ttenuation-corrected data were reconstructed into 63

mage planes with a resulting resolution of 6 mm at
ull-width-half-maximum. For each subject, structural
agnetic resonance (MR) images were obtained with a

T Magnetom VISION scanner (Siemens, Erlangen
ermany).

STATISTICAL ANALYSIS

Statistical parametric mapping (SPM96, Wellcome
epartment of Cognitive Neurology, London, UK) soft-
are was used for image realignment, transformation
nto standard stereotactic space, smoothing, and statis-
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205TEMPORAL LOBE ACTIVITY DURING EMOTIONAL MEMORY
ical analysis (Friston et al., 1995). All measurements
er condition were averaged across subjects. State-
ependent differences in global flow were covaried out
sing ANCOVA. Main effects and interactions were
ssessed with contrasts of the adjusted task means
sing t statistics subsequently transformed into the z
tatistic. Corrected values refer to correction for the
hole brain volume based upon magnitude of the

esponse. The resulting set of z values constituted a
tatistical parametric map (SPM5z6). Localization of
axima are reported within the standard space as

efined by Talairach and Tournoux and were superim-
osed on the group mean magnetic resonance image
patially normalized in to the same anatomical space
Talairach and Tournoux, 1988).

The main hypothesis being tested in this experiment
as whether the amygdala is engaged as a function of
motional memory retrieval. As we were particularly
nterested in activations associated with intentional
motional retrieval we compared retrieval of emotional
ersus neutral items in an explicit memory task with
motional versus neutral items in a judgement task.
ote that in the latter condition any retrieval is

ikely-to-incidental. In this comparison high and low
arget density conditions are combined. To directly
xamine the influence of target density, involving ac-
ual retrieval of emotional items, a subsequent analysis
ncluded target density as a factor. For assessing
tatistical significance of regional activations we use
orrected significance levels for activations not pre-
icted a priori and uncorrected levels for activations
hat were predicted. Predicted activations during re-
rieval include right prefrontal cortex, parietal cortex,
nd medial temporal lobes (areas we have found in
revious studies).

RESULTS

Behavioral data at test are summarized in Table 1.
hese data show that performance was virtually at
eiling with no significant performance differences evi-
ent across conditions.

TABLE 1

Behavioral Performance Data as a Function of Valence,
arget Density (High and Low Target Density), and Psycho-

ogical Task Conditions

Emotional Neutral High Low Mem. Judg.

its 0.98 0.95 0.97 0.97 0.98 0.96
alse Alarm 0.07 0.11 0.07 0.09 0.01 0.15
8 3.52 2.87 3.36 3.22 4.38 2.78

Note. Hits refers to old items correctly identified as old; false
larms refers to new items incorrectly identified as old; and d8 is a
ieasure accuracy taking into account response bias.
The critical analysis in this study is whether emo-
ional content influenced episodic retrieval related acti-
ations. We addressed this by comparing neural re-
ponses associated with retrieving emotional compared
o neutral items (low and high target conditions com-
ined) versus the same comparison in the judgement
onditions. This contrast revealed an highly significant
ctivation in right anterior temporal pole (P , 0.05,
orrected) specific to the emotional memory condition
see Fig. 2; Table 2a). An activation in left amygdala
as also evident in this contrast at a lower level of

ignificance (P , 0.001, uncorrected).
The profile of activation we observed in anterior

emporal pole, associated with emotional memory re-
rieval, is open to two interpretations. First, the finding
ight reflect an effect of psychological set engendered

y engaging in emotional memory retrieval. It follows
hat this type of response, within the constraints of our
tudy, should be independent of emotional item target
ensity. Alternatively, the pattern might reflect actual
etrieval of emotional memories and index a target
ensity retrieval effect. Note that it remains possible
hat there is incidental retrieval in the judgment
ondition and this contrast best characterizes effects
elated to intentional retrieval.
To distinguish between psychological set-related and

arget density effects, during emotional memory re-
rieval, we carried out two additional analyses. First,
e compared activations associated with emotional
ersus neutral memory retrieval in the zero target
onditions alone to rule out target density effects on
ight temporal pole activation. The right temporal pole
emained significant in this comparison (P , 0.001,
ncorrected) with additional activations seen in bilat-
ral parahippocampal gyri (P , 0.001, uncorrected).
econd, we directly assessed the influence of emotional

TABLE 2

Coordinates and Z Scores for Regions Activated
in Distinct Contrasts

Region Coordinates x, y, z Z Score

(a) Emotional versus neutral memory conditions

ant. temporal pole 60, 8, 218 5.0*
ant. temporal cortex 248, 210, 24 3.93

(b) High versus low target in emotional versus neutral memory

eft amygdala 212, 4, 226 4.18

(c) Recognition memory (high versus low target) related activations

anter. prefrontal cortex 26, 62, 4 3.86
anter. prefrontal cortex 230, 52, 0 3.73
. post. parietal cortex 52, 260, 52 3.61

* P , 0.05 corrected.
tem target density on retrieval-related activations.
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206 DOLAN ET AL.
his represents a three-way interaction in the factorial
esign where we examine the influence of target den-
ity on difference in differences between emotional and
eutral conditions in the comparison of memory and

udgement conditions. In this interaction the only
ignificant effect was an activation in the left amygdala
P , 0.001, uncorrected), extending into the uncus asso-
iated with high target emotional memory retrieval
see Fig. 3; Table 2b).

The specificity of the amygdala response to emotional
tem retrieval was established in a contrast restricted
o the memory conditions alone involving a comparison
f target density (high versus low) for emotional com-
ared to neutral memory conditions. Again the only
ignificant effect was in the left amygdala (P , 0.001,
ncorrected). This effect was independent of the va-

FIG. 2. The focus of significant activation in right anterior te
rthogonal sections (sagittal, coronal, and transverse) of a structur
ondition specific mean corrected adjusted regional cerebral blood flow
or neutral and emotional conditions (displayed separately for pleasan
ence of the retrieved material (i.e., there was no (
nteraction in the left amygdala as a function of whether
he retrieved material was pleasant or unpleasant).
inally, when testing the simple main effect of high
ersus low target density for emotional memory items
he amygdala response remained significant (P , 0.001,
ncorrected). Thus, the response profile in the amyg-
ala indexed actual retrieval of emotional items.
Finally, to demonstrate that emotional memory re-

rieval activation is qualitatively distinct from retrieval-
elated activations regardless of emotional valence we
ompared high with low target density effects for all
emory conditions (i.e., memory-specific main effect of

arget density). This revealed a characteristic profile of
ilateral prefrontal and right lateral parietal activation
all P , 0.001, uncorrected: see Table 2c), an identical
attern to that which we have previously reported

oral cortex (P , 0.05, corrected) is displayed superimposed upon
can rendered into standard space. The right lower panel provides
lues (rCBF) for the maximum within the right anterior temporal pole
nd unpleasant) as a function of task (memory versus judgement).
mp
al s
va
Rugg et al., 1996).
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207TEMPORAL LOBE ACTIVITY DURING EMOTIONAL MEMORY
DISCUSSION

The prefrontal and parietal cortices and, to a lesser
xtent, the hippocampus have all been implicated in
unctional neuroimaging studies of memory retrieval
Fletcher et al., 1997). Furthermore, the profile of
etrieval-related activation in these regions has been
hown to be modulated by the nature of the stimulus

FIG. 3. The focus of significant activation in left amygdala
ssociated with high target retrieval of emotional items (P , 0.001,
ncorrected) is displayed superimposed upon a coronal MRI image.
he effect in the left amygdala is derived from an analysis of a
hree-way interaction involving task by valence by target density.
he right lower panel provides condition-specific mean corrected
djusted regional cerebral blood flow values (rCBF) for all emotional
onditions (high and low targets in memory and judgement condi-
ions).
aterial, for example, whether it is verbal, visual, or c
mageable (Fletcher et al., 1995). The current study
emonstrates that emotional content of retrieved mate-
ial activates neural systems qualitatively distinct
rom those involved in retrieving emotionally neutral
aterial. Furthermore, this memory response profile is

tself characterized by a dissociation between an emo-
ional retrieval context response and a target density
esponse.
The anterior temporal pole, activated to an equal

xtent in high and low target density memory condi-
ions, constitutes a component of paralimbic cortex
hose putative functions include imparting affective

one to experience (Mesulam, 1985). Paralimbic re-
ions, including anterior temporal poles, receive inputs
rom unimodal and heteromodal sensory regions as
ell as so-called limbic inputs, an anatomical arrange-
ent that could allow behavioral relevance appraisal of

ensory inputs with respect to prior memory represen-
ations (Mesulam, 1985). A more specific memory-
elated function is suggested by reports that patients
ith anterior temporal lobectomy manifest deficits in
lfactory and autobiographical memory (Calabrese et
l., 1996; Kapur et al., 1992; Rausch et al., 1977), while
lectrical stimulation of temporal pole induces feelings
f familiarity, memory flashbacks, and autonomic re-
ponses (Chapman et al., 1950; Kaada et al., 1949; Wall
nd Davis, 1951; Gloor et al., 1982; Wieser, 1983). Our
ata indicate that the functional role of anterior tem-
oral cortex in emotional memory retrieval relates
rimarily to the psychological context engendered by
ttempted or actual emotional item retrieval. Psycho-
ogical context in this regard refers to an expectation
hat an emotional item will be retrieved.

Recent functional imaging data from a study of
utobiographical memory has identified a right ante-
ior temporal lobe activation similar to what we report
ere (Fink et al., 1996). It seems reasonable to assume
hat autobiographical memories automatically embody
motional qualities and this factor might account for
ctivation of anterior temporal pole. We have also
reviously reported right temporal pole activation when
ubjects attend to subjective emotional responses evoked
y viewing emotional picture sets, a response that is
bsent when task instructions involve a spatial judge-
ent with respect to the similar items (Lane et al.,

997). Consequently, in both these studies anterior
emporal pole activation was seen in a psychological
ontext that necessarily embodied reference to prior
motional experience.
The other region activated during emotional memory

etrieval was the left amygdala. To our knowledge this
s the first functional neuroimaging study that provides
vidence for an amygdala role in retrieving emotional
pisodic memories. Our finding that amygdala retrieval-
elated activation is independent of material valence

omplements recent evidence for a similar lack of
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208 DOLAN ET AL.
ifferential effect at encoding (Hamann et al., 1999). A
ell-established view links the amygdala to emotional
emory encoding. For example, there is an extensive

nimal literature that associates amygdala function
ith consolidation of emotional long-term memories

McGaugh et al., 1992; Cahill and McGaugh, 1998). In
umans a role for the amygdala during memory encod-

ng is suggested by evidence that enhanced free recall
or emotional, relative to neutral, film clips is signifi-
antly correlated with an index of increased right
mygdala activity at encoding (Cahill et al., 1996).
europsychological studies of patients with bilateral
mygdala damage, indicating impaired recall for emo-
ional material, as well as data showing preservation of
he enhanced recall for emotional material in amnesics,
ave likewise been interpreted as supporting an encod-

ng deficit (Babinsky et al., 1993; Markowitsch et al.,
994; Hamann et al., 1997). While these latter data are
ompatible with an amygdala influence at encoding it is
mportant to bear in mind that encoding or retrieval
eficits are difficult to distinguish on the basis of
europsychological data alone. In this regard our neuro-

maging data is not compatible with an exclusive role
or the amygdala at encoding.

The critical question arising out of these findings is
hat functional role does the amygdala fulfil in emo-

ional memory retrieval? During emotional learning
he amygdala exert its effects through direct or indirect
odulatory influences on cortical and subcortical struc-

ures that enhances consolidation (McGaugh et al.,
992; Ashe et al., 1989). Furthermore, this functional
ole is known to be time limited and shows rapid
daptation (Quirk et al., 1997; Buchel et al., 1998). Our
ata suggests a distinctive functional role during emo-
ional memory retrieval. First, the relationship be-
ween target density and amygdala activation at re-
rieval does not easily accord with a characterization
hat it has a time-limited modulatory role during
motional learning. Instead, the data suggest a role
uring long-term retrieval, albeit following exposure to
arget material 5 min previously. Second, recent neuro-
sychological data on patients with amygdala damage
ighlights deficits in social judgements in response to
aces, indicating that the amygdala is required for
etrieval of components of social knowledge in response
o visual stimuli (Adolphs et al., 1998). This social
nowledge may well be evaluative in nature an idea
mplicit in an early conceptualization of amygdala
unction as attaching emotional significance to sensory
timuli (Weiskrantz, 1956). Our memory data is broadly
ompatible with this formulation with the added caveat
hat eliciting stimuli includes not only sensory events
ut also retrieved memories. In this light we suggest
hat a model for the functional role of the amygdala

uring memory retrieval may be to automatically index G
etrieved memories with representations of their past
ehavioral significance.
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