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Organisms eat not only in a response to signals related to
energy balance. Eating also occurs in response to “extrinsic,”
or environmental, signals, including learned cues. Such cues
can modify feeding based on motivational value acquired
through association with either rewarding or aversive events.
We provide evidence that a specific brain system, involving
connections between basolateral amygdala and the lateral hy-
pothalamus, is crucial for allowing learned cues (signals that
were paired with food delivery when the animal was hungry) to
override satiety and promote eating in sated rats. In an assess-

ment of second-order conditioning, we also found that discon-
nection of this circuitry had no effect on the ability of a condi-
tioned cue to support new learning. Knowledge about neural
systems through which food-associated cues specifically con-
trol feeding behavior provides a defined model for the study of
learning that may be informative for understanding mecha-
nisms that contribute to eating disorders and more moderate
forms of overeating.
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Mild to severe obesity, estimated to affect �60% of the adult
population in developed countries, is a risk factor for a range of
diseases (United States Department of Health and Human Ser-
vices, 1999). Despite adverse health consequences, difficulties in
achieving and maintaining weight control are common. Overeat-
ing is attributable, at least in part, to the fact that food consump-
tion is powerfully influenced by a variety of environmental fac-
tors that are unrelated to energy requirements (Rodin, 1981;
Booth, 1989). Eating can be socially facilitated (De Castro, 1997),
and cues that become associated with food when hunger prevails
can increase eating in satiated states (Weingarten, 1983).

Recent research is beginning to define the neural systems
through which such psychological processes influence eating. Un-
der conditions that strongly potentiate feeding, laboratory rats
with neurotoxic lesions of the basolateral amygdalar area (BLA)
[including basolateral (“basal”), basomedial (“accessory basal”),
and lateral nuclei] fail to increase eating in the presence of a
conditioned stimulus (CS) that was previously paired with food
(Gallagher, 2000; Holland et al., 2002). The BLA has anatomical
connections with neural circuits in the hypothalamus that control
feeding behavior (Elmquist et al., 1999; Swanson, 2000; DeFalco
et al., 2001; Petrovich et al., 2001). It sends substantial, topo-
graphically organized projections to the lateral hypothalamic area
(LHA) (Petrovich et al., 2001), which forms part of the feeding
circuit and historically has been linked to initiation of feeding
(Elmquist et al., 1999).

The current investigation examined potentiation of feeding by
a CS in rats with a preparation that disconnects the BLA and the
LHA. Here we report that the BLA–LHA system is crucial for
allowing learned cues to override satiety signals and stimulate

eating in sated states. We further show that the BLA–LHA
system is specifically important for the control of eating by
learned signals, because it does not regulate baseline eating or the
rate at which rats gain weight when fed ad libitum.

MATERIALS AND METHODS
Subjects. Experimentally naive, male Long–Evans rats (Charles River
Laboratories, Raleigh, NC), weighing �300 gm on arrival in the vivar-
ium, were individually caged, maintained on a 12 hr light /dark cycle, and
given ad libitum access to food and water, except as otherwise noted.
After 1 week acclimation to vivarium conditions, during which time they
were handled extensively, rats were given contralateral, ipsilateral, or
sham-contralateral lesions of BLA and LHA and then allowed to recover
for 1 week before undergoing behavioral procedures.

Surg ical methods. All surgeries were performed under aseptic condi-
tions using isoflurane gas for induction and maintenance of anesthesia,
using a stereotaxic frame (Kopf Instruments, Tujunga, CA). Neurotoxic
unilateral lesions were made with NMDA (Sigma, St. Louis, MO) in a
0.1 M phosphate buffer solution, using a concentration of 12.5 mg/ml for
BLA and 20 mg/ml for LHA lesions. The placement of lesions was
balanced, such that there were approximately equal numbers of rats with
lesions in the left or right hemispheres in each group. For BLA, a total
of 0.3 �l was infused [the flat skull coordinates from bregma were as
follows: anteroposterior (AP), �2.70 mm; mediolateral (ML), �4.80
mm; and dorsoventral (DV), �8.70 and �8.40 mm; 0.2 �l was infused at
the deeper site and 0.1 �l at the shallow site). For LHA, a total of 0.35
�l was infused (the flat skull coordinates from bregma were as follows:
AP, �2.70 mm; ML, �1.40 mm; and DV, �8.90 mm). Sham lesions of
both structures were made by infusing phosphate buffer vehicle alone.
Infusions were made through a 30 gauge needle attached by a length of
plastic tubing to a 10 �l microsyringe (Hamilton, Reno, NV) mounted on
a syringe pump (Sage Instruments, Boston, MA). After each infusion,
the needle was left in place for 4 min to allow for diffusion. Immediately
after surgery, rats were given diazepam (Sigma) in a 5 mg/ml solution
(mixture of 80% propylene glycol and 20% ethanol) at a dose of 5 mg/kg
to prevent seizures.

Apparatus. Six identical behavioral chambers (30 � 24 � 30 cm;
Colbourn Instruments, Allentown, PA), each with a grid floor, aluminum
top and sides, and a transparent Plexiglas back and front, were used for
training and testing. The interior length of each chamber was reduced by
positioning a transparent Plexiglas partition at an angle such that the
length of the floor was reduced to 22 cm, but the length at the top of the
box remained unaltered. On the side wall opposite the Plexiglas partition,
each chamber contained a recessed food cup (3.2 � 4.2 cm), into which
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food pellets (45 mg; P. J. Noyes, Lancaster, NH) were delivered. Dim
background illumination was provided by two 25 W red bulbs, each
placed �1.5 m from the test chambers. Masking noise (60 dB) was
provided by ventilation fans located outside each box. A 10 sec tone (1500
Hz, 70 dB) and a 10 sec white noise (70 dB) were used as CS� and CS�.
For approximately half of the animals in each group, the tone served as
the CS�, whereas the white noise served as the CS� for the remaining
half. The unconditioned stimulus consisted of two 45 mg food pellets
(P. J. Noyes) delivered at the termination of the CS�. A 4 W light
mounted on the box wall 20 cm above the food cup was used for the light
CS2 in second-order conditioning.

Video cameras attached to videocassette recorders were placed 1 m in
front of the test chambers to record behavior for a 10 sec period before
and during stimulus presentation. Stimulus presentation and videocas-
sette recorders were controlled by LabView (National Instruments) soft-
ware run on Macintosh computers (Apple Computers, Cupertino, CA).

Behavioral procedures. Before behavior training, rats were gradually
reduced to 85% of their ad libitum weights. After a shaping procedure
(Setlow et al., 2002) in which rats learned to eat from the food cup, rats
received two sessions (one session per day) of CS–food pairing. Each 32
min session consisted of eight presentations of the 10 sec CS� (tone or
noise), immediately followed by delivery of two pellets into the food cup.
In each of the next eleven 32 min discrimination training sessions, the
rats received two reinforced presentations of the CS� intermixed with
six nonreinforced presentations of the other auditory stimulus (CS�).

After completion of first-order conditioning, rats were given 9 d of ad
libitum access to food in their home cage. On the last two of these days,
the rats received consumption tests (one per day) in the test chambers:
one with the CS� and the other with CS�. The protocol on each test day
began with ad libitum access to food pellets in the home cage for 1 hr,
immediately followed by a 10 min pretest session and a 10 min test
session in the behavioral chambers. The 10 min pretest was included to
provide a “baseline” for food consumption in the behavioral chamber
and to reduce context-dependent consumption during the test so that
potentiation of eating by the CS� would be readily apparent. For the
pretest, rats were placed into the experimental chambers with 50 food
pellets available in the food cup. At the completion of the pretest, rats
were removed from the chambers, pellets remaining in the food cup were
collected for counting, and food cups were refilled with 50 new pellets.
Rats were then promptly returned to the chambers for the 10 min test.
During the test, ten 10 sec CS� or CS� were presented. Both the order
of the tests (CS� or CS� on the first day) and identity of the CS� (tone
or noise) were counterbalanced. At the end of the test, rats were re-
moved, and pellets remaining in the food cup were counted.

After the completion of tests for CS potentiation of feeding, all rats
were again gradually reduced to 85% of their current ad libitum weights
and then received two “reminder” sessions of CS�–food pairings (iden-
tical to the first two training sessions; see above). For second-order
conditioning, each of the original groups (sham, ipsilateral, and contralat-
eral) was subdivided into a “paired” group, which received presentations
of the 10 sec light CS2 paired with (immediately followed by) the
first-order CS�, and an “unpaired” group, which received the same
number of light and CS� presentations that were explicitly unpaired.
The unpaired groups were included to control for non-associative in-
creases in responding to the light CS2. For both paired and unpaired
groups, the first half of session 1 began with a CS�–food reminder trial,
followed by three presentations of the light alone to evaluate uncondi-
tioned responding to the light. In the second half of session 1, as well as
in each half of sessions 2–8, the paired groups received three trials of the
light CS2 paired with the auditory CS�; the unpaired groups received
three trials each of auditory CS� and light CS2 unpaired. All groups also
received one CS�–food reminder trials in each half session.

Behavioral observations. Observations were made from the videotapes
of the behavioral conditioning sessions by experimenters who were
“blind” to group assignments. The observations were paced by auditory
signals (at 1.25 sec intervals) recorded onto the tapes. At each observa-
tion, only one behavior was recorded. The primary measure of condi-
tioning [conditioned responses (CRs)] to the auditory (in the first-order
discrimination phase) and visual (in the second-order conditioning
phase) CSs, was the percentage of time the rats spent expressing food
cup behavior during the CS intervals. Food cup behavior consists of nose
pokes into the recessed food cup, standing motionless in front of the food
cup, or short, rapid, horizontal, or vertical head jerks (in the vicinity of
the food cup).

Statistics. Behavioral data were analyzed using nonparametric statistics
(Kruskall–Wallis, Mann–Whitney, and Wilcoxon signed-rank tests when
appropriate). In all cases, p � 0.05 was considered significant.

Histolog ical procedure. After completion of all behavioral procedures,
rats were given an overdose of pentobarbital (100 mg/kg) and perfused
intracardially with 0.9% saline, followed by 4% Formalin in 0.1 M PBS.
The brains were removed and stored in the Formalin solution used for
perfusion for 48–72 hr and then transferred to 12% sucrose in 0.1 M PBS
for 24 hr. The brains were sliced on a freezing microtome, and coronal
sections (40 �m) collected through the areas of the BLA and LHA were
mounted on slides and Nissl stained. Lesion placements were verified
under a light microscope and drawn onto plates adapted from the atlas of
Swanson (1992).

RESULTS
Histology
The BLA–LHA system was disconnected by making asymmetri-
cal lesions (unilateral lesions of BLA and LHA on opposite sides
of the brain), using the neurotoxin NMDA (Fig. 1A,B). Because
BLA outputs are predominantly ipsilateral (McDonald and Cul-
berson, 1986; Swanson and Petrovich, 1998), this preparation
disconnected the BLA and LHA in both hemispheres (contralat-
eral group, n � 14 animals with acceptable lesions) without
disturbing other functional circuits involving each of these struc-
tures. A control group of rats (ipsilateral group, n � 12 animals
with acceptable lesions) had an equivalent amount of damage
with unilateral lesions of BLA and LHA placed on the same side
of the brain, sparing the BLA–LHA system in one hemisphere.
Rats with contralaterally placed sham lesions (n � 15) of BLA
and LHA were included to control for any effects attributable to
surgical procedures alone.

Lesions were rejected if there was �50% damage to BLA or
LHA or if there was more than minimal (�10%) damage to the
adjoining regions (the central nucleus and cortical regions for the
BLA, and medial hypothalamus and thalamus for the LHA). In
most cases, the BLA lesions were confined specifically to the
basolateral nucleus (also referred to as basal nucleus), with some
additional damage to the lateral and basomedial (accessory basal)
nuclei in the case of the largest lesions (Fig. 1A). The median
extent of damage for acceptable lesions was �70% in the BLA
and �75% in the LHA. Within the BLA, in all acceptable
lesions, there was �90% damage to the basolateral nucleus spe-
cifically. There were no differences in size or location between the
ipsilateral and contralateral lesions of the BLA or LHA.

Behavior: CS potentiation
The disconnection of the BLA–LHA system did not affect audi-
tory Pavlovian discrimination learning (first-order conditioning).
All groups of rats acquired discrimination rapidly as shown in
Figure 2. CRs directed to the food cup during the occurrence of
an auditory CS that predicted food delivery (CS�) were signifi-
cantly elevated compared with CRs during another auditory stim-
ulus that was not paired with food (CS�) for all groups (Wilcox-
on signed rank; sham group, p � 0.0022; ipsilateral group, p �
0.0077; contralateral group, p � 0.0033). No significant effects
were evident in a Kruskall–Wallis analysis comparing the CRs
with CS� (H(2) � 2.567; p � 0.2770) or CRs with CS� (H(2) �
0.622; p � 0.7328) among groups with different lesion treatments
(sham, ipsilateral, or contralateral).

After Pavlovian auditory discrimination training, which was
conducted in a food-restricted state, rats were allowed food ad
libitum for 1 week. Consumption tests for potentiated feeding
were then performed in the sated condition on 2 consecutive days,
when food was available in the test apparatus in the presence of
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either the CS� or the CS� (Fig. 3A). As expected, rats in the
sham control group, as well as rats in the ipsilateral lesion group,
ate significantly more food in the presence of CS� compared
with CS� (Wilcoxon signed rank; sham group, p � 0.006; ipsi-
lateral group, p � 0.003). In contrast, rats with contralateral
lesions ate the same amount of food in both tests ( p � 0.3452).
Analysis of difference scores for consumption during the tests
with CS� and consumption during the tests with CS� (Fig. 3B)
revealed a significant difference among the groups (H(2) � 13.968;
p � 0.0009), and subsequent independent Mann–Whitney U tests
showed that the sham and ipsilateral groups each differed signif-
icantly from the contralateral group (U � 39.0, p � 0.004; U �

14.5, p � 0.0004, respectively), whereas the sham and ipsilateral
groups did not differ from one another (U � 90.0; p � 0.9999).
The potentiation effect on eating was a result of the previously
learned relationship between the cue and food rather than some
nonspecific activation by an auditory stimulus, because only the
cue paired with food (CS�), but not the explicitly unpaired cue
(CS�) potentiated eating in control groups.

It is also important to note that we did not find any difference
in food consumption among the groups (H(2) � 0.460; p � 0.7946)
during a pretesting interval in the absence of either the CS� or
the CS� (baseline condition). Moreover, animals gained the
same amount of body weight when food was available ad libitum
during the week before tests for potentiated feeding (H(2) �
0.496, p � 0.7802; sham, 71.1 � 4.2 gm; ipsilateral, 70.9 � 4.9 gm;
and contralateral, 71.7 � 4.3 gm).

Behavior: second-order conditioning
Our results demonstrate that BLA and LHA are critical compo-
nents of a system through which learned cues override satiety and
increase eating. It is not certain, however, that direct projections
from BLA to LHA are used for this function. Indeed, BLA has
a major projection to the nucleus accumbens (ACB), which in
turn innervates LHA (Kirouac and Ganguly, 1995). Moreover,
ACB–LHA circuitry has been implicated in feeding behavior
(Kelley, 1999). In the current study, we tested the same groups of
rats in a procedure that is known to depend on the BLA–ACB
projection, in which a CS paired previously with food delivery
(CS�) serves as a reinforcer for new learning in second-order
conditioning (Setlow et al., 2002). To assess this function, we
paired a new stimulus (a light, referred to as CS2) with the
original auditory first-order stimulus (CS�) in additional training
sessions after the rats were returned to a food-restricted regimen.
Control groups received unpaired presentations of CS2 and

Figure 1. Histology. A, The extent of the largest
(enclosed black area) and smallest ( filled black area)
acceptable lesions at several rostrocaudal levels for
all rats in the contralateral and ipsilateral groups.
Except for minor mechanical damage along the
injector tracks, no damage was evident in any of the
sham-lesioned brains. Plates adapted from the atlas
of Swanson (1992). B, Representative photomicro-
graphs of lesion and sham histology. Arrows denote
lesion borders. Scale bar, 0.5 mm. Amygdala: BLA,
Basolateral area (includes BL, BMA, and LA); BL,
basolateral (basal); BMA, basomedial (accessory
basal); CEA, central; LA, lateral nuclei. Hypothal-
amus: DMH, Dorsomedial nucleus; fx, fornix; LHA,
lateral area; mtt, mammillothalamic tract; VMH,
ventromedial nucleus.

Figure 2. First-order conditioning. Acquisition of discrimination be-
tween the CS� and CS� auditory stimuli during the initial phase of
training in rats with contralateral (f), ipsilateral (Œ), or sham (F) lesions
of the BLA and LHA. Conditioned responses to the CS� are repre-
sented by filled symbols, and conditioned responses to the CS� are
represented by open symbols. Conditioned responses are expressed as the
mean � SEM percentage of time expressing food cup behavior.
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CS�. All groups trained with paired presentations acquired
comparable conditioned responses to the light CS2, as shown in
Figure 4. The difference in conditioned responses to the light
between groups given paired, compared with groups given un-
paired, presentations of CS2 and CS� was statistically significant
(sham, U � 3.500, p � 0.0046; ipsilateral, U � 2.500, p � 0.0298;
and contralateral, U � 0.500, p � 0.0043). The lesion treatments
(sham, ipsilateral, or contralateral) did not produce a significant
difference in conditioned responses in either the paired (H(2) �
0.088; p � 0.9570) or unpaired (H(2) � 1.029; p � 0.5979)
conditions. In contrast with potentiated feeding, in which a CS
augments food consumption, disruption of the BLA–LHA system
does not interfere with the ability of a CS to reinforce new
learning, indicating some independence of potentiated feeding
from other behavioral functions that depend on BLA–ACB pro-
jections. It has yet to be determined, however, whether indirect
projections from BLA via ACB contribute to potentiated eating.

DISCUSSION
The present study demonstrated that the BLA–LHA system is
crucial for allowing learned cues to override satiety signals and
stimulate eating in sated states. This was attributable to an
associative process in that eating was augmented by a cue paired
previously with food (CS�) but not an unpaired cue (CS�). We
further showed that the BLA–LHA system is specifically impor-

tant for the control of eating by learned signals, because lesions
did not affect eating in the pretest baseline sessions or the rate at
which rats gained weight when fed ad libitum. As such, this model
provides a setting that is highly amenable to a neural systems
analysis of learning mechanisms that is uncomplicated by gener-
alized changes in behavioral performance (Cahill et al., 1999;
Fanselow and LeDoux, 1999).

If direct projections from the amygdala complex to the hypo-
thalamus mediate the effects of learning on food consumption,
that output is likely to arise from the BLA. Although other forms
of associative learning, such as fear conditioning, are mediated via
projections from the amygdala central nucleus, which receives a
large input from the BLA (LeDoux, 2000), this pathway does not
appear to be engaged in potentiated feeding. Unlike rats with
damage to the BLA, rats with the selective bilateral neurotoxic
lesions of the central nucleus exhibit robust potentiated feeding
by a conditioned stimulus (Gallagher, 2000; Holland et al., 2002).

A substantial output from the BLA, which originates primarily
in the basolateral nucleus, directly innervates the LHA (Petro-
vich et al., 2001). The exact neurotransmitter used by these
projection neurons is not known, although it is likely to be
glutamate (Swanson and Petrovich, 1998). In that context, gluta-
matergic mechanisms within the LHA have been shown to pro-
mote feeding in sated rats (Duva et al., 2001). Thus, it is plausible
that mechanisms mediating potentiation of feeding, at least
in part, involve direct glutamatergic projections from the BLA
to LHA.

The exact LHA neurons innervated by the BLA inputs are not
known at this time. Nevertheless, it is tempting to speculate that
BLA outputs could influence LHA subsystems important for
initiation of feeding. For example, groups of LHA neurons ex-
press two recently discovered neuropeptides, melanin concentrat-
ing hormone and orexin, which are regulated by hunger–satiety
state and are linked to initiation of feeding (for review, see
Elmquist et al., 1999). Clearly, future work is needed to illumi-
nate the exact neurochemistry of BLA–LHA circuitry and mech-
anisms mediating control of feeding by learned cues.

In addition to the projections to the LHA, the BLA outputs
could reach other parts of the feeding circuit as demonstrated
recently with viral labeling techniques (DeFalco et al., 2001).
Pseudorabies viruses specifically constructed to infect either neu-
ropeptide Y (NPY)-expressing neurons or neurons expressing the
leptin receptor were reported to label BLA neurons after injec-
tion into arcuate hypothalamic neurons. The time course for
appearance of the BLA labeling suggested transynaptic transport
via the LHA and/or ventromedial hypothalamic nucleus. Inter-
estingly, these key feeding–regulatory molecules, leptin and
NPY, exert opposite influences on eating. Leptin is linked to

Figure 3. Food consumption tests. A, Food con-
sumption of sham, ipsilateral, and contralateral
rats during the potentiated eating tests. Black
bars show food consumption during the tests with
CS�, and white bars show consumption during
the tests with CS�. B, Mean difference between
the consumption during the tests with CS� and
consumption during the tests with CS� presen-
tations. Consumption of sham, ipsilateral, and
contralateral rats is shown with white, gray, and
black bars, respectively. The error bars indicate
the SEM.

Figure 4. Second-order conditioning. Acquisition of second-order con-
ditioned responses (food cup behavior) to the light CS2 during the second
phase of training in rats with contralateral (f), ipsilateral (Œ), or sham
(F) lesions of the BLA and LHA. Rats that received paired CS2–CS�
presentations are represented by filled symbols, and rats that received
unpaired presentations of CS2 and CS� are represented by open symbols.
Session P refers to the pretest of the light at the beginning of training.
Conditioned responses are expressed as the mean � SEM percentage of
time expressing food cup behavior.
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inhibition of eating (Friedman and Halaas, 1998; Schwartz et al.,
2000), whereas NPY is implicated in the initiation of feeding
(Leibowitz, 1994; Schwartz et al., 2000), including the induction
of eating in food-satiated rats (Stanley et al., 1993). Thus, the
BLA could mediate potentiation of eating by learned cues
through activation of NPY, inhibition of leptin-mediated mech-
anisms, or regulation of both of these components of feeding
systems.

At the same time, it should be noted that our results do not
provide a precise map of how information from the BLA reaches
the LHA to modulate feeding in the potentiation paradigm. In
addition to direct innervation of the LHA, as mentioned above,
the BLA has a major projection to the ACB, which plays a role in
feeding behavior at least in part via its connections with the LHA
(Kelley, 1999). However, results from the current study indicate
some independence in the role of the BLA–LHA and BLA–ACB
systems in different behavioral functions that depend on acquired
CS value. An intact BLA–LHA system is critical for CS poten-
tiation of feeding but is not necessary for second-order condition-
ing, which depends on intact BLA–ACB connections (Setlow et
al., 2002). Other components of a neural system that modulates
feeding on the basis of learning could include indirect innervation
of LHA via BLA projections to brain regions that, in turn, project
to LHA, including the ventromedial hypothalamus, the bed nu-
clei of the stria terminalis, substantia innominata, prefrontal
cortical areas, or hippocampal formation (Krettek and Price,
1977, 1978; Kita and Oomura, 1982) (for review, see Swanson and
Petrovich, 1998; Petrovich et al., 2001).

In the context of the current findings and a large body of
previous work (Davis, 1992; Davis and Shi, 1999; Everitt et al.,
1999; Fendt and Fanselow, 1999; Holland and Gallagher, 1999;
LeDoux, 2000; Maren, 2001), it is clear that the amygdala is key
for learning processes whereby neutral stimuli acquire biological
significance, as first proposed by Weiskrantz (1956). Additionally,
amygdala connections with the hypothalamus have long been
thought to play a role in modulation of species-typical behaviors.
Referring to the functional neuroanatomy of amydalo-hypothalamic
circuits, Kaada (1972) noted that “the amygdala adds plasticity to the
basic inborn and more fixed reflex mechanisms.”

The present results provide evidence that the amygdalo-
hypothalamic system mediates learned motivational control of
feeding. Experience and learning can serve an adaptive function
in ingestive behavior, ranging from modifications in an organ-
ism’s ingestion of particular food items, such as acquired taste
aversions or taste preferences, to adaptations in how organisms
use information to guide complex behavioral repertoires, such as
foraging strategies. In the conditioned potentiation paradigm, cues
associated with hunger acquire motivational properties to promote
eating even in sated states. Given that food scarcity can occur in
natural settings, cues associated with hunger in the past could serve
an adaptive function by increasing the tendency to eat.

In addition to BLA inputs that access feeding circuitry in the
hypothalamus, the BLA also provides innervation of topograph-
ically distinct regions of the hypothalamus implicated in the
regulation of other species-typical functions, such as reproductive
and defensive behaviors (Petrovich et al., 2001). These projec-
tions from the amygdala may also play a key role in mediating
adaptive effects of learning that can modulate a range of functions
that are basic to survival.

The function of the BLA in the regulation of eating may also
have maladaptive consequences. Learned cues that promote eat-
ing in food-sated subjects are of special relevance to natural

conditions that may induce overeating. Studies in both laboratory
animals and humans show that external cues associated previously
with food (learned cues) exert powerful control over feeding
behavior. Learned cues can override regulatory signals linked to
energy balance (Weingarten, 1983; De Castro, 1997), and distur-
bance in the extrinsic control of feeding systems may cause
overeating (Rodin, 1981; Wardle, 1988; Booth, 1989). The
present findings have defined components of brain circuitry that
allow food-associated cues to override “satiety” signals. This
definition is a necessary first step toward development of an
animal model in which the external control of feeding behavior
and its associated disorders can be better studied.
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