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Negative emotions and social isolation are
at the core of some anxiety disorders. Pav-
lovian fear conditioning, characterized by
associations between an initially neutral
stimulus [conditioned stimulus (CS)] and
a biologically relevant fearful stimulus
such as a footshock [unconditioned stim-
ulus (US)] has been proposed as a model
of select anxiety disorders. From a neuro-
biological perspective, it is widely recog-
nized that the limbic system and the
amygdala in particular are involved in the
processing of emotional information
(both positive and negative). Current
models of the amygdala consider that au-
ditory and visual conditioned stimuli
reach the basolateral amygdala, where
they converge and become associated with
the US [the anterior basal, basal, and lat-
eral amygdala all form the basolateral
amygdaloid complex (BLA)]. Thus, in
this model, the BLA is a storage site for
affective information, particularly fear-
related memories (LeDoux, 2000). In
contrast, the central nucleus of the amyg-
dala (CE) (located ventral to the BLA) is
thought to play the role of an output con-

duit, relaying information from the BLA
to the output areas. However, a recent
study by Wilensky et al. (2006) published
in The Journal of Neuroscience suggests
that plasticity in the CE also contributes to
the behavioral changes that result from
fear conditioning.

The BLA has been implicated in fear
acquisition and consolidation, whereas
the CE is known mainly for its role in fear
expression. To reevaluate this model,
Wilensky et al. (2006) temporarily inacti-
vated either the BLA or the CE in rats to
study the role of each in the fear circuit
(acquisition, consolidation, and expres-
sion). Rats were classically conditioned to
a tone paired with a mild footshock.
Twenty-four hours later, Wilensky et al.
measured the duration of freezing in the
presence of the tone. To test the relative
role of the BLA and CE in fear acquisition,
artificial CSF (ACSF) or muscimol (a
GABAA agonist) was infused into the BLA
or CE 5–10 min before conditioning. In-
activation of the BLA or CE significantly
impaired conditioned freezing compared
with ACSF controls, implying that both
areas are necessary for fear acquisition
[Wilensky et al., 2006, their Fig. 1a (http://
www.jneurosci.org/cgi/content/full/26/
48/12387/F1)]. In another experiment,
muscimol or ACSF was infused into the
CE 5–10 min before testing to study the
role of the CE on fear expression. Corrob-
orating its conventional role in the fear
circuit, inactivation of the CE significantly
impaired fear expression [Wilensky et

al. (2006), their Fig. 1c (http://www.
jneurosci.org/cgi/content/full/26/48/
12387/F1)]. Finally, the role of the CE in
consolidation was studied by muscimol
inactivation and by protein synthesis inhi-
bition (using anisomycin) immediately
after training. Posttraining inactivation of
the CE had no effect on fear memory con-
solidation [Wilensky et al. (2006), their
Fig. 4 (http://www.jneurosci.org/cgi/con-
tent/full/26/48/12387/F4)]. Although ani-
somycin in the CE had no effect on fear
memory consolidation during a short-
term test (4 h after training), when protein
synthesis is not necessary, it abolished fear
memory during a long-term test (24 h after
training), when protein synthesis presum-
ably is necessary [Wilensky et al. (2006),
their Fig. 5 (http://www.jneurosci.
org/cgi/content/full/26/48/12387/F5)].

Alternative explanations for the results
were explored. First, cannula placement
was confirmed histologically and only
subjects with appropriate nuclei stained
were analyzed. Also, findings regarding
the CE were not attributable to diffusion
of muscimol into the BLA despite their
close proximity. Finally, state-dependent
learning (caused by drug administration
before conditioning but not testing) and
reduced sensitivity to the footshock were
ruled out as explanations for the results of
the fear acquisition experiment.

In summary, this series of experiments
suggests that the CE supports associative
learning in conjunction with the BLA.
Because the CE is necessary for fear
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expression, previous studies using perma-
nent amygdala lesions complicated the in-
terpretation of the role of the CE in acqui-
sition or performance. The present
studies avoided such a confound by using
temporary pharmacological inactivation
of the target area. With the use of this
technique, the authors were able to sepa-
rate the role of the CE during acquisition
and during the expression of fear memo-
ries, thus showing that the CE is necessary
for acquisition of fear memories.

The present results are consistent with
evidence suggesting a larger role for the
CE in the storage of memories than previ-
ously thought. For example, Samson and
Paré (2005) recently observed synaptic
long-term potentiation (LTP), a putative
mechanism of learning, in the CE after
stimulation of the posterior thalamic au-
ditory pathways. LTP in this case was de-
pendent on presynaptic NMDA receptors
only, because administration of an
NMDA antagonist extracellularly blocked

LTP, but administration intracellularly in
the postsynaptic neuron had no effect.
Based on similar evidence, Paré et al.
(2004) proposed a model in which inter-
calated GABAergic cells between the BLA
and CE play a major role in modulating
LTP-like facilitation in the CE. Briefly,
this model assumes that both the CE and
BLA receive information about the CS
and US and support fear memory storage.
The critical difference between the two
nuclei is that the BLA regulates activity in
the CE, which participates not only in
storage but also in the expression of fear
memories.

The results of Wilensky et al. and the
model proposed by Paré et al. (2004) are
consistent with data obtained using ap-
petitive tasks, in which the CE mediates
motivational associations that underlie
preparatory conditioning (Balleine and
Killcross, 2006). A future challenge will be
to develop models of the amygdala that
incorporate behavior related to both pos-

itive and negative emotional experiences.
Wilensky et al. provide a good foundation
for the development of such models. A
better understanding of the amygdala cir-
cuitry will also assist the development of
therapies designed to diminish the suffer-
ing of people afflicted with anxiety
disorders.
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