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In a constantly changing environment, we
are surrounded by cues that enable us to
predict future events. These cues elicit
motivational states that drive us to adap-
tively shift our behaviors. For example,
aversive motivational states, induced by
cues paired with electric shock, can result
in escape or freezing behavior (Orsini and
Maren, 2012), as well as suppressed feed-
ing in food-deprived animals (Petrovich
et al., 2009). The ability of these cues to
direct many of these behaviors depends
on the integrity of the central nucleus of
the amygdala (CeA; Petrovich et al., 2009;
Orsini and Maren, 2012).

Learning theorists have also noted that,
like more canonical aversive conditioned
stimulli, cues associated with the omission of
an expected reward can themselves evoke an
aversive motivational state. Amsel (1958)
refers to this as a “frustrative event” and sug-
gests that constant omission of expected re-
ward is associated with fear and anxiety, as
evidenced by avoidance behavior. Similar to
fear-evoking conditioned stimuli, the omis-
sion of a reward appears to recruit the CeA;
for example, Calu et al. (2010) found that
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CeA neurons selectively increased their fir-
ing during a period of reward omission.

Insight into what role the CeA may
have in contributing to aversive behav-
ior comes from a report by Gozzi and
colleagues (2010), who suggested that
neurons within the CeA are responsible
for directing emotionally salient infor-
mation into separate neuronal circuits
subserving distinct behaviors. They re-
vealed the existence of two distinct pop-
ulations of GABAergic neurons within
the lateral division of the CeA (CeL). One
neuronal population routes information
to brainstem structures via the medial di-
vision of the CeA (CeM) and is involved in
passive fear responses, such as freezing.
The other activates cholinergic forebrain
targets, which are engaged during active
fear responses such as avoidance. Impor-
tantly, the study demonstrates that dis-
tinct CeA projections can gain access to
circuits that underlie both reflexive and
instrumental behaviors.

Based on extant literature, cues that
elicit similar aversive states can drive di-
vergent behavioral strategies, and the CeA
is important across these situations. It is
unclear, however, whether the representa-
tion of the aversive cue within the CeA
codes for motivational value or behavioral
strategy. We would predict that if the CeA
encodes value, the same population of
neurons would be activated by presenta-
tion of an aversive cue, regardless of the
behavioral strategy the animal engages in.
Conversely, if the CeA is preferentially in-
volved in selecting the appropriate form

of behavioral expression, we would expect
the neuronal representation of aversive
cues in the CeA to vary with the types of
responses the cues drive. To address this
important question, Purgert and col-
leagues (2012) assessed CeA neuronal in-
volvement during the presentation of
shock and reward-omission cues.

Purgert et al. (2012) first trained rats
to pull a chain to receive food rewards,
and then split the animals into three
groups: food omission and shock train-
ing, food omission and shock control
training, and food omission control and
shock training. Separate cues were paired
with each of the aversive outcomes, and all
animals were presented with both cues.
Control training for each condition con-
sisted of unpaired cue-aversive stimulus
presentations. In their first experiment,
Purgert et al. (2012) took advantage of the
relative timing of expression of the imme-
diate early genes (IEGs) Arc (active imme-
diately following a behavioral experience)
and Homerla (active 30 min following a
behavioral experience). After presenting
the reward-omission and shock cues 30
min apart, they stained CeA neurons for
these IEGs. They observed increased ex-
pression of Homerla and Arc in all subre-
gions of the CeA following conditioned
cue presentation relative to control cue
presentations. However, most cells were
single-labeled, indicating that reward
omission and shock cues recruited sepa-
rate populations of neurons.

The CeA has a well documented role in
the expression of freezing to a shock-paired
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cue (for review, see Orsini and Maren,
2012); to determine whether the CeA is sim-
ilarly necessary for producing the behavioral
responses to reward omission, Purgert and
colleagues (2012) performed neurotoxic le-
sions of the CeA during presentation of the
reward-omission cue. Whereas control ani-
mals showed diminished chain-pulling in
response to the omission cue, indicative of
behavioral aversion, CeA lesions abolished
this response. Together with the first exper-
iment, these results suggest that while the
CeA is generally necessary for the behavioral
expression of aversion, distinct microcir-
cuits are activated in different behavioral sit-
uations. This is consistent with a role for
CeA neural representations of aversive cues
in coding behavioral expression rather than
motivational value.

Although the amygdala as a whole is
broadly regarded as the primary neural
substrate for aversion and fear, these cen-
tral states can arise from different situa-
tions and direct disparate, often mutually
exclusive, behavioral responses. While
both the shock cue and omission cue ap-
pear to induce aversive states in the ani-
mal, they differ both in terms of (1) the
qualitative nature of the aversive state: a
central fear state versus Amsel’s (1958)
frustrative state, and (2) how these states
direct behavior: shock cues here provoked
freezing while reward omission cues di-
minished instrumental responding. Thus,
it is possible that the different activated
neural populations could be representing
either of these differences. However, pre-
vious literature suggests a preferential role
for the CeA in behavioral expression
rather than encoding motivational value.
Indeed, Swanson (2003) has proposed
that the CeA is in fact an extension of the
striatum, both in terms of its structural
organization and its role in using moti-
vational information to direct behavior
via projections to autonomic and motor
nuclei. Moreover, several behavioral
manipulations have revealed a preferen-
tial role for the CeA in behavioral ex-
pression rather than coding for an
aversive state. For example, Choi et al.
(2010) have shown that post-training le-
sions of the CeA do not abolish fear, but
rather shift expression of fear from freez-
ing to avoidance responses. However, le-
sions to other parts of the amygdala, such
as the lateral nucleus, abolish all forms of
fear expression. These findings are consis-
tent with a role for CeA neurons in direct-
ing different forms of behavior in
response to an aversive cue, while other
components of the circuit may encode
motivational value.
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A model of behavioral selection by neurons in the central amygdala. A, Cues associated with different types of

aversive stimuli are represented in distinct patterns of neural activity (indicated by different colored triangles) within the CeA.
Salient information about the cues is relayed to the CeA via afferents from the basolateral amygdala. Cues paired with different
forms of aversive stimuli, such as shock (orange) or omission of expected reward (blue), recruit nonoverlapping populations of
neurons in both the Cel and CeM (Purgert et al., 2012). We hypothesize that these networks of coactive neurons not only
represent distinct aversive cues, but also target different downstream structures to select appropriate behavioral responses. B, C,
A general model by which both subregions of the CeA may be recruited by aversive cues. B, Under basal conditions, cue-inhibited
neurons (black) provide tonic inhibition throughout Cel/CeM microcircuits involved in behavioral expression. €, Upon cue pre-
sentation, inhibition of these neurons results in the disinhibition of projection cells (green) in both the CeL and CeM, allowing for
activity across both subnuclei and the selection of an appropriate behavioral response.

The CeA is well positioned for this
task. GABAergic efferents project pre-
dominantly from the CeM, their activity
sculpted both by local inhibitory connec-
tions and by inhibitory inputs from the
CeL. CeM targets include sympathetic
and motor centers in the brainstem and
hypothalamus as well as neuromodula-
tory nuclei in the midbrain and forebrain.
This anatomical connectivity allows the
CeA to direct typical fear responses, such
as freezing and startle, while also allow-
ing access to instrumental responding
via its hypothalamic, dopaminergic, and
cholinergic projections (LeDoux, 2000).
Indeed, Gozzi and colleagues (2010)
have recently demonstrated that modu-
lation of specific subpopulations of CeL
neurons can support either passive fear
responses, such as freezing, or active
fear responses. Together with the find-
ings presented by Purgert et al. (2012),
this suggests that nonoverlapping popula-
tions of neurons in the CeA route motiva-
tionally relevant information into circuits
that support different types of behavioral
responses (Fig. 1 A).

Itis important to note that Purgert and
colleagues (2012) found that reward-
omission cues and shock cues evoked ac-
tivity in nonoverlapping populations of
neurons across both medial and lateral
subregions of the CeA. As the authors
note, this is in contrast to work that re-
ported differences in activity between the
CeM and CeL during aversive stimulus

presentations. Purgertetal. (2012) discuss
recent work by Haubensak et al. (2010)
that shows that the CeL is preferentially
recruited during fear acquisition, whereas
the CeM is recruited more heavily during
fear expression. However, these recent ac-
counts of CeA microcircuitry suggest that
a primary role of CeL GABAergic neurons
is to shape the firing patterns of CeM out-
put neurons. For example, neural activity
in the CeL, originally induced by fear con-
ditioning, does not change during fear re-
call, while CeM neural activity diminishes
with changes in fear expression (Duvarci
et al., 2011). Together with anatomical
and functional data that demonstrate CeL
neurons predominantly project onto
CeM neurons, this suggests more of an
organizational role for CeL in CeM out-
put than direct control over behavior. As
further evidence for this, Haubensak et al.
(2010) used a combination of genetic and
electrophysiological techniques to selec-
tively target a specific population of CeL
neurons that inhibit both a population of
downstream neurons in CeM and a distinct
population of CeL neurons. This particular
population of cells is thought to correspond
with so-called CeLOFF cells and control fear
expression to a shock-paired tone by pro-
viding tonic inhibition throughout the ex-
pression circuit. When a fearful cue is
presented, CeLOFF cells are inhibited, re-
leasing their downnstream targets from in-
hibition and allowing fear expression. Thus,
after presentation of the shock-associated
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stimulus, we would expect to see activa-
tion in both the lateral and medial divi-
sions of the CeA as a result of the
disinhibition of the CeLOFF targets in
both CeL and CeM (Fig. 1B,C). This hy-
pothesis is consistent with the data pre-
sented by Purgert and colleagues (2012).
Given that the CeM is the primary output
structure of the CeA, and that the CeA has
a critical role in behavioral expression in
response to aversive stimuli, it is not sur-
prising that distinct neurons were acti-
vated in the CeM for the reward omission
cue. However, it is intriguing that non-
overlapping populations were also ob-
served in the CeL, as this suggests
completely dissociated neural representa-
tions of aversive cues before the output
step. One technical limitation of assessing
IEG activation, however, is that it does not
allow analysis of suppression of neural ac-
tivity. Given the largely inhibitory nature
of processing in the CeA, measures of in-
creased activity alone do not provide in-
formation about synaptically connected
neural networks. In other words, simulta-
neously active cells observed by Purgert
and colleagues (2012) are unlikely to rep-
resent monosynaptically connected neu-
rons in a network because their activity
would likely inhibit downstream targets;
rather, their simultaneous recruitment
may reflect complex coordinating activity
by interneurons in the circuit. Further

work is needed to characterize the specific
cellular interactions that allow these neu-
ral representations to emerge.

Together with previous literature,
these new results by Purgert et al. (2012)
allow us to propose a model by which the
CeA may be involved in the selection of
appropriate actions in response to dis-
crete aversive stimuli (Fig. 1). By activat-
ing distinct neural representations that
then project to downstream targets in-
volved in different types of behavioral
outputs, CeA microcircuitry may lie at the
crux of aversive behavioral selection. This
hypothesized pattern of activity is consis-
tent with recent work characterizing CeA
circuits in freezing expression (Hauben-
sak et al., 2010; Duvarci et al., 2011), al-
though its role in directing other types of
behaviors is unknown. Further character-
ization is needed regarding how these co-
active networks arise and are organized,
their specific anatomical targets, and
whether neural representations of differ-
ent cues interact to suppress other, com-
peting behaviors.
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