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Emotional memory: What does the amygdala do?
Elizabeth A. Phelps and Adam K. Anderson

Recent studies of the human amygdala have shed new
light on its roles in two distinct, but related processes:
emotional memory and the evaluation of emotional
stimuli.
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Until recently, our understanding of the neural processes
underlying emotion was derived primarily from research
with animals other than humans. Although these animal
models have been extremely useful in identifying brain
systems, few would disagree that the emotional life of
humans may not lend itself to easy analogy across species.
For this reason, it is especially important that animal
systems for studying the neural basis of emotion are tested
for their applicability to human experience. One brain
structure that has emerged as a focus of emotion research
in non-human animals is the amygdala, a small almond-
shaped structure located anterior to the hippocampus in
the medial temporal lobe. Studies of the role of the amyg-
dala in non-human animals suggest that it may be neces-
sary for learning or assessing the emotional significance of
events [1,2].

In humans, the function of the amygdala has been diffi-
cult to study for several reasons. Firstly, research into
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brain-behavior correlates in humans has relied heavily on
patients with lesions, and discrete lesions to the amygdala
are extremely rare. Patients with amygdala damage always
have other brain abnormalities or congenital disorders that
must be taken into consideration when interpreting
results. Secondly, studies of the amygdala in humans
using new imaging techniques have been slow to emerge,
because the amygdala is a small structure, close in size to
the resolution of positron emission tomography (PET),
and in a location that is subject to significant noise in func-
tional magnetic resonance imaging (fMRI). Lastly,
emotion is a broad concept that is not well defined in tra-
ditional psychology, making the selection of appropriate
tasks for studying emotion difficult. In spite of these
drawbacks, a body of literature on the role of the amygdala
in humans is beginning to emerge. Studies of the behav-
ioral role of the human amygdala generally fall into two
categories, emotional memory and the evaluation of emo-
tional stimuli, and we shall consider these in turn.

Emotional memory

There is an extensive literature showing that, in non-
human animals, the amygdala is involved in emotional
memory tasks [2]. The task most often studied is aversive
or ‘fear’ conditioning, where the subject learns to associate
a random stimulus — the conditioned stimulus (CS) —
with a fear-inducing stimulus — the unconditioned stimu-
lus (US). A study conducted in our laboratory [3] found a
deficit in aversive conditioning in a large group of patients
who had undergone unilateral temporal lobectomy that
included the amygdala (Fig. 1). Bechara er 4/. [4] found a
similar deficit in a patient suffering from Urbach—-Weithe

(a) The simple discrimination paradigm used
to show a deficit in averse conditioning in
patients with unilateral temporal lobe lesions
affecting the amygdala [3]. The conditioned
stimuli (CS+ and CS-) were two tones of
different frequencies; the unconditioned
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stimulus (US) was a burst of white noise.
During the acquisition period, each
presentation of the CS+ was immediately
followed by the US. (b) The results of the
simple discrimination paradigm for epileptic
patients with unilateral temporal lobe lesions
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(TLB), epileptic patients with lesions outside
the temporal lobe (OL), and normal control
subjects (CTRL). The measure of conditioning
is the difference in skin conductance
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response (SCR) between CS+ trials and CS—
trials, grouped across the three phases of
conditioning. (Adapted from [3].)
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syndrome, a congenital dermatological disorder that can
lead to bilateral mineralization of the amygdaloid region.
In both studies, patients with amygdala damage demon-
strated normal unconditioned responses and were able to
report verbally the relationship between the CS and US.

These findings on humans with amygdala damage are
consistent with a large body of research on non-human
animals suggesting that the amygdala plays a critical role
in aversive conditioning. Human emotional memory,
however, is more complex than simple conditioning, and it
is important to understand how this deficit may extend to
tasks more representative of human memory. It has been
shown that emotion can lead to enhanced memory perfor-
mance, particularly when memory is tested after a delay
[5]. Cahill and colleagues [6,7] found an impairment in
recall for the arousing portion of a story in a patient with
Urbach—Wiethe syndrome and in normal subjects who had
been given propranolol, a beta-adrenergic blocker that has
been shown to have similar behavioral effects as amygdala
lesions in rats [8]. These results suggest that the human
amygdala may be necessary for our enhanced memory for
arousing events.

Two recent studies from our laboratory suggest that
arousal may be a key component in an amygdala-based
memory system. The first study (unpublished data) used
words that were arousing as measured by skin conduc-
tance response. Normal subjects show different forgetting
curves for arousing and non-arousing stimuli, so that arous-
ing stimuli are remembered better over time. Patients
with amygdala damage did not show this differential
pattern of forgetting, suggesting that one role of the amyg-
dala in human memory may be to enhance the long-term
consolidation of arousing events. In the second study [9],
patients with amygdala damage showed intact recall for
words that were emotional in meaning, but not arousing as
measured by skin conductance response.

Further support for the role of the amygdala in the consol-
idation of memory for arousing events comes from a PE'T
study conducted by Cahill and colleagues [10]. They
reported that activation in the amygdala was correlated
with later recall for emotionally arousing, but not neutral,
film clips. And another PE'T study found amygdala activa-
tion during retrieval of autobiographical events [11].
These various findings suggest that arousal is a key com-
ponent of the amygdala memory system; they are consis-
tent with animal studies which have also suggested a role
for the amygdala in memory consolidation [8].

Although we are just beginning to examine the role of the
amygdala in human memory, some preliminary conclu-
sions can be drawn. First, patients with amygdala damage
exhibit intact responses to arousing events, confirming
that the effects are specifically on memory and not

perception. Second, the results of fear-conditioning tests
imply there is a dichotomy between declarative (explicit)
knowledge of a CS-US association, thought to be medi-
ated by the hippocampus, and learning as measured by
physiological responses, which is mediated by the amyg-
dala. The patients with amygdala damage were able to
report the CS-US contingency, even though they did not
show skin conductance responses to the CS, indicating
these two memory systems can operate independently.
Third, the studies examining declarative memory (recall,
for example) for arousing events indicate that an amyg-
dala-mediated memory system can modulate hippocampal
learning, perhaps by enhancing long-term consolidation.

Evaluation of emotional stimuli

A fairly coherent picture of the role of the amygdala in
humans is emerging, but our picture of the role of the
amygdala in the evaluation of emotional stimuli is less
clear. There is an extensive literature showing that non-
human animals suffer deficits in the evaluation of stimuli,
particularly social cues, after amygdala damage [12].
However, the types of behavior studied in these other
species — such as aggressiveness, sexuality and social rank
in monkeys — may not be easily generalizable to humans.
In humans, it is difficult to evaluate the overall social
functioning of the few reported cases of bilateral amygdala
damage, as social abilities vary widely among normal sub-
jects and it is unclear how to define ‘normal’ social behav-
ior. It is clear from the few reported cases, however, that
humans with bilateral amygdala damage do not show
markedly impaired social functioning [13,14].

More specific tests of how emotional stimuli are evaluated
following amygdala damage in humans have primarily
focused on responses to faces. Adolphs ez a/. [15] exam-
ined ‘facial-affect’ processing in a Urbach-Wiethe syn-
drome patient (referred to as SM046). This patient could
recognize faces normally, but was impaired in how she
responded to facial expressions, in that her assessment of
the intensity of the expression differed from controls for a
subset of emotions; her deficit was especially acute for
fearful faces. T'wo similar case studies have been reported
by Young and colleagues [16,17]. Imaging studies have
also observed amygdala involvement in processing specific
facial expressions. A PE'T study [18] reported activation in
the amygdala when subjects viewed fearful faces in com-
parison to neutral faces. An fMRI study [19] reported
similar observations, but also found activation for happy
compared to neutral faces. These studies suggest one
function of the human amygdala may be the interpretation
of facial affect, particularly fear.

There are, however, cases of patients with bilateral amyg-
dala damage who do not show a deficit in facial-affect pro-
cessing. Hamann ez a/. [20] reported two patients with
bilateral amygdala damage following encephalitis. Using



the same task as Adolphs ez a/. [15], these patients gave a
normal evaluation of facial expressions. Hamann ¢z a/.
suggest that age at the time of brain injury may be one
critical difference between their patients and those in
other case studies. Consistent with this hypothesis, Ander-
son et al. [21] tested patients who had undergone unilat-
eral temporal lobectomy, and found a correlation between
age-of-onset for epilepsy and deficits in interpreting facial
expressions in the patients with right-hemisphere damage
— carlier onset is correlated with a greater deficit. It is
clear from these results that the amygdala is somehow
involved in the interpretation of facial expression, but may
not always be necessary for normal facial-affect processing.

There have been only a few studies of the role of the
human amygdala in evaluating emotional stimuli other
than faces. Scott ez a/. [22] showed that the deficit in eval-
uating social cues after amygdala damage extends to the
auditory domain. They described a patient with bilateral
amygdala damage who exhibits a deficit in the ability to
detect emotion in spoken language, which is most severe
for fear and anger. A PE'T" study has detected amygdala
involvement in processing body movement [23], and an
fMRI study found that the amygdala is activated when
subjects are viewing emotionally arousing scenes [24]. In
both of these imaging studies, the authors proposed that
amygdala activation might be the result of the affective
judgment of the stimuli.

The available evidence thus suggests that the human
amygdala does play some role in our responses to social
and emotional cues, primarily fearful faces, which is
consistent with the animal literature. However, the precise
role of the amygdala is difficult to assess. Given the role of
the amygdala in arousal-mediated memory, one might
expect the amygdala to be activated whenever the stimuli
are arousing. Damage to the amygdala in humans does
not, however, lead to a global deficit in the evaluation of
emotional or social stimuli, and may not lead to any deficit
if the amygdala is damaged later in life.

Memory versus evaluation: what have they in common?
Studies on non-human animals have indicated that the
amygdala is important for both the acquisition and expres-
sion of emotional memories [2]. In humans, the primary
role of the amygdala may be similar, and any role in the
evaluation of the emotional content of a stimulus may be a
secondary consequence of this function. Evaluation tasks
that are difficult for patients with amygdala damage may
rely on responses that were learned in arousing situations.
One might expect encounters with fearful facial expres-
sions to be particularly arousing. If, however, the human
amygdala is important for both acquisition and expression
of learned responses, then why would some patients with
amygdala damage have intact responses when evaluating
fearful faces?
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These variable results may have been obtained because
the responses of patients who were relatively old at the
time of their lesion were ‘over-learned’. A study with rats
has suggested that amygdala lesions may not lead to a
complete deficit in expression of a learned response if the
response was over-learned before lesioning [25]. Exten-
sive practice, or over-learning, may lead to the gradual
involvement of other memory systems. If this were true
for humans, then older patients, who might have over-
learned how to evaluate social cues, may not show a deficit
following amygdala damage.

Although the emotional experience of humans may differ
from other species, what is known about the amygdala and
human emotion is consistent with animal models. We
hypothesize that the primary role of the human amygdala
is the acquisition and expression of emotional memory.
The amygdala may additionally play an important role,
particularly during development, in learning how to evalu-
ate social cues.
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If you found this dispatch interesting, you might also want
to read the April 1997 issue of

Current Opinion in
Neurobiology

which included the following reviews, edited
by Susan D. Iversen and Robert U. Muller,
on Cognitive neuroscience:

Sensory and cognitive functions of the basal ganglia
L. Brown, J.S. Schneider and T.I. Lidsky

Mnemonic functions of the basal ganglia
N.M. White

Toward a neurobiology of temporal cognition:
advances and challenges
J. Gibbon, C. Malapani, C.L. Dale and C.R. Gallistel

Network models of the basal ganglia
D.G. Beiser, S.E. Hua and J.C. Houk

Dopamine neurons and their role in reward
mechanisms
W. Schultz

Neural basis of utility estimation
P. Shizal

Memory beyond the hippocampus
E. Tulving and H.J. Markowitsch

Memory consolidation, retrograde amnesia and the
hippocampal formation
L. Nadel and M. Moscovitch

Hippocampal lesions and path integration
1.Q. Whishaw, J.E. McKenna and H. Maaswinkel

LTP, NMDA, genes and learning
D.P. Cain

Serotonin receptors in cognitive behaviors
M.-C. Buhot

Competitive brain activity in visual attention
J. Duncan, G. Humphreys and R. Ward

The neural system of language: structure and
development
A.C. Nobre and K. Plunkett

Brainstem, cerebellar and limbic neuroanatomical
abnormalities in autism
E. Courchesne

Genetic analyses of emotionality
T.C. Eley and R. Plomin

Schizophrenia: a disorder of neurodevelopment
P.J. Harrison

If you are, or become, a member of BioMedNet, the
worldwide club for biomedical scientists
(http://BioMedNet.com/), you can access any of these
reviews for $1 each.
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