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Fear inhibits food intake. Cessation of eating in anticipation of danger is an adaptive response that prepares an
organism for an imminent threat, but it could become maladaptive when persistent. To begin to examine the
underlying mechanisms, we developed an animal model for fear-cue induced inhibition of feeding. In that
preparation, food-deprived rats stop eating when presented with a tone that signals a foot-shock based on
prior associations. Here, we examined whether there are sex differences in adult male and female rats. We
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Anjc/)rexia found that female rats showed sustained fear-cue induced feeding inhibition compared to males during the
Anxiety extinction. During the first of four extinction tests with tone presentations, both male and female rats showed

similar, robust cessation of eating. Rats of both sexes that previously received tone-shock pairings ate
significantly less than the control rats that received tones without shocks during training. Male rats
extinguished this behavior during the second test, while females continued to show the effect during the
second and third tests, and extinguished during the fourth test. The findings provide a novel framework for
investigation of sex differences in the control of feeding and the underlying brain substrates. The animal
model may also be informative for understanding human eating and associated disorders. In particular, the
potential contribution of fear in the maintenance of low food intake in anorexia nervosa is hypothesized.
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1. Introduction

It has long been recognized that fear inhibits food intake [1,2], but
the underlying mechanisms have not been examined, in part, because
behavioral models have been lacking. Recently, we developed a
paradigm for fear cue-induced inhibition of feeding in rats [3,4]. Our
preparation was built on well-established fear conditioning protocols
(e.g., Refs. [5-8]) in which an initially neutral, environmental signal
such as a tone (conditioned stimulus, CS) acquires the ability to
produce fear-related behavioral responses (conditioned responses,
CRs) through pairings with an aversive event such as a mild, electric,
foot-shock (unconditioned stimulus, US).

We use aversive conditioning to modulate feeding. In our
preparation, rats show robust cessation of intake during tests with
presentations of a fear-cue, a tone (CS) that predicts foot-shocks (US).
Importantly, this behavior is acquired with minimal training that
consists of only four tone-footshock presentations. Additionally, rats
are food-deprived prior to testing and therefore, typically consume
substantial amounts of food. The fear-cue can effectively inhibit such
robust feeding.

In the current study we examined whether there are sex
differences in fear-cue feeding inhibition. Sex differences have been
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found in the control of food intake, and eating and anxiety disorders
are more prevalent in women (for reviews see Refs. [9,10]). Therefore,
we tested here whether female rats are more susceptible to the effects
of fear on feeding than males.

Adult male and female rats were trained in a conditioning protocol
with tone presentations, each immediately followed by a foot-shock.
Rats in the control condition received the same number of tones but
no foot-shocks during training. In addition, all rats received appetitive
training sessions during which they consumed food pellets. After
training, food-deprived rats were tested for food consumption in the
tests with tone (CS) presentations.

2. Material and methods
2.1. Subjects

Thirty-two experimentally naive, male and female Long-Evans rats
(Charles River Laboratories; Portage, MI) were used in the experi-
ment. Rats were two months old when they arrived to the colony, and
the body weight range for females was 200-225 g, and 250-275 g for
males. Rats were individually caged, and maintained on a 12 h light/
dark cycle, and given ad libitum access to food and water, except as
otherwise noted. Female and male rats were housed in separate
housing rooms. Rats were acclimated to the vivarium for a week, and
to handling prior to any behavioral training. Body weights and vaginal
smears were obtained every weekday. All animal procedures were
approved by the Boston College Animal Care and Use Committee.
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2.2. Apparatus

Training and testing were conducted in a set of eight behavioral
chambers (30x28x30 cm; Coulbourn Instruments, Allentown, PA)
located in a behavioral testing room that was different from the
colony housing rooms. Each chamber was enclosed in a cubicle
(79%x53x53 cm; Coulbourn Instruments, Allentown, PA) composed
of monolithic rigid foam walls, which isolate from ambient sound and
light. A ventilation fan, located on the back of each isolation cubicle,
provided masking noise (55dB). Video cameras attached to a
recording system (Coulbourn Instruments, Allentown, PA) were
mounted on the back of the isolation cubicle to record behavior
during training and testing.

The chambers were modified in olfactory, visual, and tactile
features to create two distinct environments—Context A and Context
B. All appetitive sessions and tests were conducted in the Context A,
while aversive training sessions were conducted in the Context B.

For the Context A, each chamber had aluminum top and sides, a
transparent Plexiglas back and front, and a black Plexiglas panel
placed on top of the grid floor so that rats could not see or feel the
grids. Each chamber contained a recessed food cup (3.2 x4.2 cm), and
a “house light” (4 W light) that was illuminated during appetitive
sessions and during tests, but not during aversive sessions. The
chambers were wiped with 1% Acetic Acid (Fisher Scientific, Hanover
Park, Illinois) before an animal was placed inside.

For the Context B the chambers had grid floors, and two black
Plexiglas sheets were positioned to occlude the aluminum sides and
angled to create a tent-like enclosure. Each chamber was equipped
with a recessed food cup and a “house light”; however, the house light
was turned off during aversive sessions, and instead the room lights
provided illumination for the chambers. The chambers were wiped
with 5% ammonium hydroxide (v/v, 28-30% stock, Acros Organics;
Somerville, N]) before each animal was placed inside for training.

2.3. Behavioral training procedure

The training protocol (Fig. 1) consisted of 9 sessions, and of those 6
were appetitive sessions (S1, S2, S4, S6, S8, S9; Fig. 1) and 3 aversive
sessions (S3, S5, S7; Fig. 1). The appetitive and aversive training
sessions were conducted in distinct contexts (A and B, see above). For
each training session rats were transported from the housing room to
the behavioral testing room in the home cages placed on a cart. A day
before the behavioral protocol started rats were given ~1 g of the food
pellets (formula 5TUL, 45 mg, TestDiet, Richmond, IN) in their home
cages to familiarize them with the pellets.

Prior to each appetitive session rats were food deprived for 22 h.
Water was available ad libitum throughout the behavioral protocol in
the home cages. For each session rats were placed in the behavioral
chamber (Context A) with 7 g of food pellets in the food cup, and

allowed to consume food for 10 min. After 10 min, rats were removed
from the chambers, placed in their home cages and transported back
to the housing room. Remaining food in the food cups was removed
and weighed. Rats were allowed ad libitum access to food (lab chow)
for at least 24 h between consecutive food-deprivations (S1, 2, and 8,
9; Fig. 1), or before the start of aversive sessions.

During aversive training, half of the male and female rats received
tone-shock pairings (Conditioned groups), while the other half of the
rats received tone presentations without any shocks (Control groups).
The aversive training protocol consisted of three 10 min-long training
sessions (S3, 5, 7; Fig. 1) that were conducted on separate days. Rats
were allowed ad libitum access to food (lab chow) and water for at
least 24 h prior to each aversive session. In the first session (S3) rats
were placed in the experimental chamber for 10 min to habituate
them to the training context (Context B, see above), which was
different from the chambers used in the appetitive sessions (Context
A, see above). In each of the next two aversive sessions (S5, 7; Fig. 1)
rats in the Conditioned groups received 2 tone (75 dB; 2 kHz, 60 s)
presentations (variable inter-trial interval, 4 min 4 50%) each imme-
diately followed by an electric footshock (1 mA; 1s; Precision
Adjustable Shocker, Coulbourn Instruments, Allentown, PA), while
rats in the Control groups received 2 presentations of the tones, and
no shocks.

2.4. Food consumption tests

Rats were tested in four tests that were conducted on separate
days. Prior to each test rats were deprived of food for 22 h, while
water remained available ad libitum. For each test rats were
transported from their housing room to the behavioral testing room
in the home cages placed on a cart. Rats were placed in the behavioral
chambers (Context A) with 7 g of food pellets in the food cup, and
allowed to consume food for 10 min. During the test, the tone CS
(75 dB; 2 kHz, 60 s) was presented four times, starting at 1, 3, 5, and
7 min (Fig. 1). After the test, rats were taken out of the behavioral
chambers, placed into the home cages and transported back to the
housing room. Remaining food was removed from the food cup, and
weighed.

2.5. Vaginal smears

Following the initial week of acclimation and handling, female rats
were examined by a vaginal lavage procedure daily (excluding
weekends) to determine the estrous cycle stage (Supplemental
Table 3). The vaginal smears were placed on glass slides, and cell
types were examined under a microscope to determine the stage in
the estrous cycle [11]. We applied the procedure to ensure that female
rats show normal cycling, however, due to a small sample size we did
not use the estrous stage as a variable in the analyses.

A. Training B. Food Consumption Tests
Context A Context A
appetitive )
[min]
time— 1 2 4 6 9 o, . ....5, . ..,
sessions 3 5 7 —_ — — —
tone
aversive

Context B

Fig. 1. Experimental design. A. Training. The behavioral protocol consisted of alternating appetitive and aversive sessions that were conducted in distinctive experimental chambers
(contexts). During appetitive training sessions food-deprived rats were given free access to food pellets. During aversive training, half of the male and female rats received mild,
electric foot-shocks signaled by a tone (Conditioned groups), while the other half of the rats received tones but no shocks (Control groups). That protocol consisted of three sessions
with habituation to the context occurring during the first session (S3), and conditioning during the second and third sessions (S7, S9) when rats in the Conditioned groups received
tone-shock pairings, and rats in the Control groups received tone presentations. B. Food consumption tests. Food-deprived rats were tested for food consumption during 10 min tests,
each with 4 tone CS presentations. The tests were conducted in the appetitive context (Context A).
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2.6. Behavioral observations

Freezing was assessed for each rat during the tests. Freezing
behavior is a species-typical defense response that is characterized by
the cessation of all movement except that required for breathing
[12,13]. Observations were made every 1.25s during the entire
duration of each CS (60 s) and during the 10 s immediately preceding
the CS (pre-CS), and immediately following the CS (post-CS). The
observers were “blind” with respect to the training group and sex of
the animals observed. The sum of all observations, which totals
5.33 min during the 10 min test, represents “total time” in the text,
and the percentage of time rats spent expressing freezing behavior
during that period was calculated. Due to technical malfunctioning,
recordings of two rats were incomplete, and for those rats the “total
time” was re-calculated accordingly.

Rats were trained in two identical replications, each with equal
number of male and female rats, and equal number of rats in the
conditioned and control groups (32 rats total; n=38 per condition).
Due to technical malfunctioning, one male rat from the conditioned
group did not receive shocks during training, and was removed from
the study.

2.7. Statistical analysis

Data were analyzed using paired t-tests, and ANOVA followed by
Fisher's PLSD tests where appropriate. In all cases, p<0.05 was
considered significant.

3. Results

Rats were trained in a behavioral protocol (Fig. 1) with alternating
appetitive and aversive sessions that were conducted in distinctive
behavioral chambers (Context A and Context B, see Materials and
methods for details). During appetitive sessions food-deprived rats
were given free access to food pellets. During aversive training, half of
the male and female rats received tone-shock pairings (Conditioned
groups), while the other half of the rats received the same number of
tone presentations, but no shocks were given (Control groups).

3.1. Training

Rats in all groups ate considerable amounts of food pellets during
appetitive training sessions (Fig. 2). Overall male rats ate more than
female rats, which was in accordance with the differences in body
weights between male and female rats. Male rats were initially larger
than females (see Material and methods) and gained weight at a
much faster rate (see below). Importantly, rats of the same sex in the

—@— F-Conditioned —O— F-Control
—- M-Conditioned —— M-Control

7
6
5]

9] 41
3
2
14

Sessions

Fig. 2. Food consumption (mean + SEM) during appetitive training sessions that were
conducted in Context A. Arrows point to the aversive sessions during which rats in the
conditioned groups received mild, electric foot-shocks in Context B. Rats in the controls
groups received tones, but no shocks during training. See Results for details.

Conditioned (tone-shock training) and Control (tone-only training)
groups ate similar amounts of food pellets during training, and had
similar body weights throughout the experiment. Thus, the experi-
ence of receiving foot-shocks during training did not produce changes
in food consumption or body weight in the Conditioned group
compared to the Controls that did not receive the shocks. Statistical
analysis supported these observations (Supplemental Table 1 and
Table 2).

An ANOVA of pellet consumption during training with sex (male or
female), and training condition (tone-shock or tone-only) as factors
revealed a significant main effect of sex for each appetitive session
(p<0.05), but no effects of conditioning (p>0.05), or sex by conditioning
(p>0.05) for any of the sessions (see Supplemental Table 1 for details).
An analysis of body weights with sex, and training condition as factors
showed that male rats weighed significantly more than females at the
start of training (F-Conditioned, 233 +4 g; F-Control 233+5g; M-
Conditioned, 370+ 16 g; M-Control, 360 +15g), end of training (F-
Conditioned, 250 4+ 5 g; F-Control, 246 + 5 g; M-Conditioned, 413 +17 g;
M-Control, 393 £16 g), start of testing (F-Conditioned, 246 +£5g; F-
Control, 245 + 5 g; M-Conditioned 410 4 16 g; M-Control, 397 4- 16), and
end of testing (F-Conditioned, 25145¢g; F-Control, 2514+-5g; M-
Conditioned 4204 16 g, M-Control, 407 + 16 g), while there were no
effects of training condition or sex by training condition on body weights
(p>0.05, see Supplemental Table 2 for details).

3.2. Food consumption tests

After training completion rats were tested in four identical food
consumption tests that occurred on separate days. During each test
food-deprived rats were provided with food pellets in the appetitive
context (Context A) and given four tone (CS) presentations. The
amounts of food consumed during the tests are shown in Fig. 3. We
show the actual amounts consumed by each group (Fig. 3A), and
conditioned groups consumption relative to the controls of the same
sex (Fig. 3B) because of a baseline difference in consumption of male
and female rats (see Section 3.1).

During the first test both female and male rats showed CS-driven
inhibition of feeding—rats that previously received tone-shock
pairings consumed much less food than the Control rats (tone-only
training) of the same sex (T1, Fig. 3). An ANOVA of consumption
during the first test with conditioning (tone-shock or tone-only
training), and sex (male or female) as factors revealed statistically
significant effect of conditioning (F(1,27) =27.026, p<0.0001), and
sex (F(1,27)=21.784, p<0.0001), but not conditioning by sex effect
(p>0.05). Subsequent analysis confirmed that the female rats in the
Conditioned group ate significantly less than the female rats in the
Control group (p<0.004). Similarly, male rats in the Conditioned
group ate significantly less than male rats in the Control group
(p<0.0004).

During the second and third tests female rats continued to show
inhibition of feeding, while male rats in the Conditioned and Control
groups ate similar amounts during each of the two tests. The analysis of
consumption during the second test (T2, Fig. 3) with conditioning and sex
as factors revealed a significant effect of conditioning (F(1,27) =5.897,
p<0.03), and sex (F(1,27) =44.765, p<0.0001), but not conditioning by
sex effect (p>0.05). Subsequent analysis showed that the female rats in
the Conditioned group ate significantly less than the female rats in the
Control group (p<0.02), while the male rats in Conditioned and Control
groups ate similar amounts (p>0.05).

The analysis for the third test (T3, Fig. 3) revealed the effects of sex (F
(1,27) =139.359, p<0.0001), and sex by conditioning (F(1,27) = 5.780,
p<0.03), but not conditioning (p>0.05). Subsequent analysis confirmed
that the female rats in the Conditioned group ate significantly less than
the female rats in the Control group (p<0.02), while the male rats in
Conditioned and Control groups ate similar amounts (p>0.05). Finally,
during the fourth test female rats extinguished the inhibition of feeding
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Fig. 3. Food consumption during tests with tone (CS) presentations in Context A. A. Food consumed during tests shown in grams (mean 4 SEM). An asterisk indicates significant
differences in consumption between female rats in the Conditioned and Control groups (p<0.05), and the pound symbol indicates significant differences in consumption between
male rats in the Conditioned and Control groups (p<0.05). See Results for details. B. Consumption of the male and female rats in the conditioned groups shown as percentages of the
average amounts consumed by the rats of the same sex in the controls groups (shown with dotted line).

(T4, Fig. 3), and the analysis showed the effect of sex (F(1,27) = 47.664,
p<0.0001), but not conditioning (p>0.05), or conditioning by sex
(p>0.05) effects.

Some male rats ate all the food available during testing (four rats in
the Conditioned group and three Controls during T2, three rats in the
Conditioned and two Controls during T3, and two rats in the
Conditioned and one Control during T4). Had only the Controls, but
not rats in the Conditioned group, eaten all the food available the
extinction results could have been obscured, however that was not
the case. Some rats in each condition ate all the food given, and fewer
of those were controls.

Nevertheless, to confirm we conducted a new experiment with
male rats, and provided them with more food. The results from that
study are described in the Supplemental material and Supplemental
Fig. 1. In brief, in the supplemental study rats had a surplus of food
pellets during training and testing. As in the original study, these rats
showed CS-driven inhibition of feeding during the first test, and
extinction of that behavior during the second test. These results
support the original study and confirm that male rats extinguish much
faster than females.

3.3. Freezing behavior

In addition to food consumption measures we analyzed another
conditioned response during the tests, freezing behavior. During the
first test male and female rats in the Conditioned groups that
previously received tone-shock pairings showed similar, substantial
freezing (Fig. 4), while rats in the Control groups showed no freezing
during any of the tests. Prior to the first CS presentation during the
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Fig. 4. Conditioned freezing behavior (mean 4+ SEM) during food consumption tests.
Graphs show percentages of the total time spent freezing during the tests. Observations
were made during CSs, pre-CSs, and post-CSs (see Materials and methods for details).

first test, none of the rats in any of the groups expressed freezing
behavior. Thus, the CS-US learning acquisition was similar for male
and female rats, as evidenced by the expression of freezing behavior
during the first test, and in agreement with food consumption during
the same test (see Section 3.2).

The analysis of the total time spent freezing (see Materials and
methods for details) during the first test (Fig. 4) revealed significant
effects of conditioning (F(1,27)=53.986, p<0.0001), but not sex, or
conditioning by sex effects (p>0.05). Subsequent analysis found that male
and female rats in the Conditioned group froze similarly (p>0.05), and
significantly more than the Controls of either sex (p<0.0001). Thus, there
were no differences between male and female rats in the Conditioned
group, or male and female rats in the Control groups (p>0.05).

During the remaining three extinction tests both male and female
rats in the Conditioned groups showed extinction of freezing behavior
(Fig. 4). During the second extinction test male and female rats in the
Conditioned groups showed significantly less freezing compared to the
amount of time they spent freezing during the first test (t(7) =2.884,
p<0.03 for females, and t(6) =5.744, p<0.002 for males). Similarly,
both male and female rats froze less during the third test compared to
their freezing during the second test (t(7) =2.908, p<0.03 for females,
and t(6)=2.480, p<0.05 for males). A small decrease in freezing
between the third and fourth tests was not statistically reliable for either
male or female rats (p>0.05).

The average amount of freezing was slightly higher for females
than males during the second and third tests, however the differences
were not statistically reliable. The variability in freezing behavioral
was much greater among females than males, and included a rat with
the overall highest freezing observed in the current study.

The analysis of the total time spent freezing during the second test
found significant effect of conditioning (F(1,27) = 18.692, p<0.0002),
but not sex or conditioning by sex effects (p>0.05). Subsequent
analysis showed that female rats in the Conditioned group froze
significantly more than Controls of either sex (p<0.001), while the
small increase in freezing for females compared to males in the
Conditioned groups was not statistically reliable (p>0.05), and the
Control groups did not differ between the sexes (p>0.05).

Similarly, during the third test there was a significant effect of
conditioning (F(1,27) =12.501, p<0.002), but not sex, or condition-
ing by sex effects (p>0.05). Subsequent analysis showed that female
rats in the Conditioned group froze significantly more than male or
female Controls (p<0.003), but not significantly more than males in
the Conditioned group (p>0.05), and the Control groups did not differ
between the sexes (p>0.05). Finally, freezing was minimal for all
groups during the fourth test, and there were no effects of
conditioning, seX, or conditioning by sex (p>0.05).
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4. Discussion

The main finding of the current study was that female rats showed
prolonged fear-cue inhibition of feeding compared to males. Rats
were tested in our recently developed preparation in which food-
deprived rats inhibit feeding during tests with presentations of a tone
(CS) that signals foot-shocks (US) [3,4]. We found no sex differences
during the first test, which showed that male and female rats acquired
and expressed conditioned responses similarly. Sex differences
emerged during the extinction of CS-induced feeding cessation.
Female rats extinguished this behavior at a much slower rate than
males. Male rats in the conditioned and control groups ate similar
amounts during the second extinction test, while it took two
additional tests for females in the conditioned group to reach the
consumption levels of the controls.

Cognitive and behavioral sex differences have been found in a
variety of tasks that relate to facets of our paradigm ranging from
differences in associative learning and control of feeding and energy
homeostasis to regulation of motivated behaviors, stress responses,
and anxiety (for reviews, see Refs. [9,14-17]). Nevertheless, this is the
first study that showed sex differences in learned, fear-cue driven
cessation of feeding.

In a previous study, differences were shown in a task that used
emotional stress (communication box) to inhibit food intake.
Consistent with our findings here, that study found greater inhibition
of feeding in female rats compared to males following emotional
stress [18]. Interestingly, the effect was dependent on estradiol and
corticotropin-releasing hormone/factor (CRH/CRF) type 1 receptor
[18], both of which could act on the brain substrates underling fear
conditioning and extinction—the amygdala, prefrontal cortex and
associated circuitry [19,20].

Notably, CRH neurons and estrogen receptors are present in the
central nucleus of the amygdala (CEA) [21-23], which we recently
showed is critical for fear-cue-driven inhibition of feeding [3].
Furthermore, the CEA shares substantial connections with the brain
areas related to anxiety and initiation of feeding, the bed nuclei of the
stria terminalis and the lateral hypothalamus, respectively [19,24-26].
There is also evidence that the CEA participates in the critical forebrain
network underlying dehydration-induced anorexia [27,28]. Thus, the
CEA might be an important site where estradiol, which inhibits intake
(for reviews see Refs. [29,30]) could contribute to the effects observed
here.

Cessation of eating in anticipation of danger is an adaptive
response that prepares an organism for an imminent threat, but it
could become maladaptive when persistent. In that regard, prolonged
cessation of feeding in female rats might be informative for
understanding human eating and associated disorders. Anorexia
nervosa disproportionately affects women, and intense fear of weight
gain despite being underweight, is one of its key symptoms and a
diagnostic criterion [31] [10,32,33]. Anorexia is characterized by
relentless maintenance of extremely low body weight through
restricted eating often combined with exercise and purging [31]
[10,32,33]. Another feature of this complex disease is high co-
morbidity with anxiety disorders (reviewed in Ref. [10]). The disease
persists despite serious health consequences including death, and
restricted eating is maintained in spite of emaciation, and in conflict
with physiological hunger signals [10,34]. The exact brain mecha-
nisms underlying this paradoxical behavior are currently unknown.
We hypothesize that persistent fear and associated anxiety could
facilitate the maintenance of restricted eating in anorexia, and the
current data suggest that females might be more susceptible in that
setting.

In that regard, abnormalities in the fear network regions have been
found in anorexia nervosa patients, including abnormal amygdalar
functioning [35], and a decrease in its volume [36]. Another study
found enhanced recruitment of the medial prefrontal cortex in

anorexia patients in response to food images, which the patients
found threatening and disgusting [37]. Similarly, greater amygdala
activation was found among anorexia patients when confronted with
a threatening, symptom-provoking cue—their distorted body
image [38]. Finally, amygdala recruitment was correlated with
increased anxiety in young women (without eating disorders) when
viewing pictures of slim, idealized female bodies [39].

Clearly, future studies are necessary to examine how fear overrides
homeostatic signals triggered by food-deprivation to inhibit feeding,
and whether sustained fear could produce changes in body weight.
Likewise, the mechanisms and plasticity underlying fear-cue integra-
tion with the feeding regulators remain to be determined. That
integration will ultimately involve complex network of communica-
tions between the telencephalon, hypothalamus, and brainstem
[19,20,26,40-44]. The current findings provide a novel framework
for future behavioral and brain analyses.

In addition to food consumption, we analyzed another conditioned
response (CR), freezing behavior, in response to the same fear-cue
(CS). Freezing is a species-typical defense response that is a
commonly analyzed CR measure in aversive learning paradigms.
Here we found that male and female rats spent equal time expressing
freezing behavior during the first test, in agreement with prior work
([45,46], but see other strains [47]). Thus, both the freezing behavior
and food consumption patterns during the first test show that male
and female rats acquired CS-US relationship equally well. Addition-
ally, we found similar extinction of freezing behavior in male and
female rats in agreement with prior work with auditory cues ([46], in
this study also see estrous cycle effects on extinction).

Importantly, we have shown previously that the CS-induced
feeding cessation and CS-induced freezing are dissociable behavioral
responses induced by the same CS [3]. In other words, the CS-
inhibition of feeding is not merely a consequence of immobilization
due to CS-induced conditioned freezing. Rather, the CS's influence on
feeding is independent of CS-induced freezing, and engages some-
what dissociable amygdalar and brainstem subsystems. Brain lesions
that abolished conditioned freezing left inhibition of eating intact—
lesions of the ventrolateral region of the periaqueductal gray [48], an
area critical for conditioned freezing [49], or lesions of the basolateral
amygdala [3].

In conclusion, here we found prolonged fear-cue inhibition of
intake in food-deprived female rats compared to males. These findings
provide a novel framework for examination of the brain mechanisms
and sex differences. The animal model may be also relevant for
understanding regulation of eating in humans, and in particular to the
maintenance of low intake in anorexia nervosa. Speculatively, female
biological susceptibility would be especially relevant in environments
abundant in cues that the anorexic population perceives as threaten-
ing, notably, in Western societies with excessive images of idealized
bodies and relentless food advertisements.
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