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Abstract
Activity based anorexia (ABA) is a model that mimics the self-starvation and hyperactivity
features of anorexia nervosa (AN). This study investigated whether a history of ABA will enhance
food avoidance learning and retard its extinction in female rats. We compared the acquisition and
extinction of a conditioned taste aversion (CTA) in naive (ad lib with no access to RW), ABA, and
pair-fed to the food intake of ABA (with access to a locked RW) female Sprague-Dawley rats. The
CTA conditioning was conducted after the ABA and pair-fed rats had recovered to their pre-food
restriction body weights. For CTA learning, 0.3M sucrose consumption was followed by low
doses LiCl (0.009M or 0.018M at 1.33ml/100g of body weight, IP) injection. The results revealed
that the ABA rats acquired an aversion to sucrose significantly sooner than the naive controls.
Furthermore, they completely avoided sucrose while the naive and pair-fed controls still sampled
it by the end of 10 conditioning trials. When extinction was assessed by 1-bottle and 2-bottle tests,
the ABA rats extinguished more slowly than the controls. However, the differences in sucrose
aversion extinction between the ABA and control rats were only significant in 1-bottle test. These
data suggest that experience with AN-like behaviors results in an acquired aversion to a preferred
food sooner and a longer retention of the negative food associations. These findings have
implication for understanding the persistence of aberrant eating behaviors in eating disorders.

Keywords
anorexia nervosa; exercise; running wheel; conditioned taste aversion; food avoidance

1. Introduction
Anorexia nervosa (AN) is a severe illness of unknown etiology and has one of the highest
mortality rates of all psychiatric disorders [1–3]. Onset of AN normally occurs in
adolescence and young adulthood, and the disorders is found much more frequently in
women than in men [4]. Subjects with AN are frequently ambivalent or refuse treatment [5].
Although AN affects a relatively small number of individuals, estimated 0.3–2% among
women [6–8], treatment is extremely difficult and financially burdensome [5]. Moreover,
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relapse is common and 20–30% of AN patients become chronically ill [9,10]. Thus, the
identification of improved research-based treatment options is critical.

The defining characteristics of AN are self-imposed starvation and fear of fatness [11–13].
Patients are motivated to restrict their eating, particularly the consumption of highly
palatable, high energy density foods [12–14]. They continue to avoid consuming food even
when already severely underweight. Some researchers have suggested that starvation
reduces negative mood or even becomes conditioned and reinforcing for AN subjects
[12,13]. In addition to eating restraint, hyperactivity is featured in up to 75% of AN. Indeed,
excessive exercise has been reported to precede, follow, or coincide with the onset of strict
dieting/food restriction [15–17]. In this sense, hyperactivity not only promotes the
progression, but likely also impedes the successful treatment and recovery of AN [18,19].

Neuroendocrinological studies in acute AN have found normal homeostatic physiological
responses to starvation. These responses include elevated levels of orexigenic neuropeptide
Y(NPY) in cerebrospinal fluid (CSF) and reduced levels of anorexigenic leptin in both CSF
and plasma [20]. In contrast, dysregulation of reward and mood related systems have been
identified in AN or subjects recovered from AN [12]. Compared to healthy controls, AN
subjects and those recovered from AN have reduced CSF dopamine (DA) metabolites [21].
Along these line, decreased activity of the ventral striatum during reward processing has
been found in subjects who have recovered from AN [22]. Similarly, underweight and
malnourished anorexic individuals have abnormal serotonergic activity [23]. These data
suggest altered reward and motivational functions in AN. Combined with the food
avoidance and hyperactivity, it is likely that a motivational shift away from food but toward
exercise occurs in some AN or hyperactive subjects with AN history. There are, however,
few experimental studies examining this assertion.

One animal model that mimics both the behavioral and physiological aspects of AN is
activity based anorexia (ABA). When given access to running wheels (RWs), rodents run
voluntarily and, when food is available ad libitum, animals are able to maintain energy
homeostasis. In the ABA model, rats have free access to RWs coupled with restricted access
e.g. 1or 2 h/day, to food. Under these conditions, rats increase wheel running (WR) activity
but decrease food intake [24–28]. Similar to AN, rats experience starvation and
hyperactivity simultaneously and fail to maintain energy homeostasis. They lose weight
dramatically and even die of starvation if the ABA protocol is not terminated [28]. From a
behavioral standpoint this suggests that like AN, there is also a shift in motivation from food
to exercise in the ABA model.

Although the basis of neither ABA nor AN are fully understood and the initiating
mechanisms may be different, the ABA model can be used to study the consequences of
combining increased activity and decreased food intake that may contribute to the
maintenance or relapse of AN. Given that AN or weight restored AN subjects maintain an
altered perception toward palatable food [12,29], we hypothesized that such a motivational
shift away from food as occurs with ABA may facilitate the development of learned
aversions towards foods. This hypothesis was tested by examining conditioned taste
aversion (CTA) acquisition and extinction in rats that had experienced ABA but were now
weight restored.

2. Materials and methods
2.1. Subject and housing

A total of forty-three, adolescent (40–45 days old) female Sprague Dawley (Harlan) rats
weighing 111–146 g were used in this study. Rats were individually housed and maintained
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on a 12:12 h light/dark cycle with the dark onset at 1:00 PM throughout the entire
experiment. Initially, all rats were housed in a room equipped with RW activity recording
system for establishing activity based anorexia. A 25% weight loss of body weight before
the WR + restricted food access schedule is a commonly used criterion for ABA [26], and
this criterion was used in our study. Once this criterion for ABA was reached, animals were
transferred to another room for the weight restoration and CTA procedures. Harlan standard
rodent chow diet 2018 (Harlan Teklad; 3.3 Kcal/g, fixed formula diet of 18% protein, 5%
fat) and water were available ad libitum unless otherwise noted. Other feeding schedules are
specified below. Animal usage and all procedures were approved by the Johns Hopkins
University Institutional Animal Care and Use Committee and are in compliance with NIH
guidelines.

2.2. Activity-based anorexia during adolescence
Due to limited number of running wheel chambers, animals were tested in 2 squads at
separate times. All three groups were included in both squads and the groups were initially
divided as follows; naive (n=16), ABA (n=14), and pair-fed (n=13). The naive rats were
single housed in plastic tubs with corncob bedding (Harlan), and with food and water
available ad libitum. The ABA and pair-fed rats were housed in a nest box (15 × 25 × 15
cm) with a RW (diameter 36 cm and width 11 cm, Wahmann, Timonium, MD) attached.
The nest box has a wire mesh bottom. Below the wire mesh was a tray to collect food
spillage. Body weight and food intake subtract spillage were measured for the nearest 0.1
gram daily at 7:30AM. During habituation, the wheels were locked for both groups.

Following a 7-day habituation period, wheels were unlocked for the ABA rats, whereas the
wheels remained locked for the pair-fed animals. Wheel running activity was recorded in
real time, and analyzed later through a computer with MedPC IV software (Med Associates
Inc, Georgia, VT). The ABA rats were habituated to running wheel access for 7 (squad 1) or
10 (squad 2) days. The longer baseline running in squad 2 was to adjust to the daylight
saving time change that occurred during the experiment. After such baseline running, the
ABA rats were switched to a food restriction schedule until a 25% reduction of baseline
body weight (average of the last 3 days before food restriction) was achieved or for as long
as 10 days. Food restriction was imposed to both ABA and pair-fed groups. Initially (squad
1), access to food was allowed during the first 2 hrs of the dark cycle. To initiate restricted
food access, food was removed at 3:00PM the day before the restriction schedule began. On
the restriction day, rats in the ABA group received access to food between 1:00 to 3:00 PM.
Later, it was determined that 1h food access (first hour of the dark cycle) was necessary to
achieve 25 % weight loss in the ABA paradigm. Thus, after 5 days the access time was
reduced to 1 h (1:00 to 2:00 PM). Rats in squad 2 had 1 h access to food during the food
restriction schedule. Thus, food was removed at 2:00PM the day before the restriction
schedule began. On the restriction day, rats in the ABA group received access to food
between 1:00 to 2:00 PM. With this protocol, 2 and 6 rats reached the 25% body weight
reduction criterion for ABA in squad 1 and 2, respectively. The pair-fed rats received the
amount of food consumed by the ABA rats, and thus their food restriction schedule began
one day after the ABA group. The pair-fed rats consumed all the food that was given. There
was never evidence of spillage when they were being weighed.

Once an individual rat reached the 25% body weight loss (or at the end of 10 days restricted
food access), it was removed from the RW box, transferred to another room, and single
housed in a stainless steel wired cage. The naive and pair-fed rats were also transferred to
the same room and housing condition in a timely manner that coordinated with the ABA
group. Rats were 65–70 days old by this time. Once in the new room, all groups of rats had
chow and water ad libitum until the ABA rats increased their body weight to the pre-food
restriction baseline (took 3–9 days, mean= 6.3±0.5).
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2.3. Conditioned taste aversion
Conditioned taste aversion acquisition and extinction procedures began as the ABA rats
recovered to their pre-food restriction body weight for at least 2 consecutive days. In squad
1, all rats began the procedures on the same day. More rats reached the activity based
anorexia criteria in squad 2, and there was more variability in body weight recovery. Thus,
one subset of rats began CTA training 2 days earlier than the other subset. The experiment
was conducted while rats were water deprived for 20 hrs. Distilled water was provided at
two time points, for 5 min beginning at 7:30AM and for 1 hr beginning at 11:00AM. The
CTA conditioning and extinction were conducted at the 5 min time point.

Acquisition—The rats underwent 10 conditioning days. Each conditioning day was
separated by a water day. Prior to beginning the acquisition of the CTA, baseline 5 min
water (distilled water; dH2O) intake was measured for 4 consecutive days. On the
conditioning days, the 5 min access to dH2O was replaced by 0.3M sucrose solution. Five
minutes after the end of sucrose presentation, rats were given an intraperitoneal (IP)
injection of lithium chloride (LiCl; 1.33ml/100g body weight). As a control, 5 rats from the
naive group were given IP saline at the same time. To determine whether there was
difference in the strength of the association between groups, we used low doses of LiCl,
0.009M and 0.018M. The 0.009M LiCl has been demonstrated to be a threshold dose for
forming conditioned aversions [30,31]. Rats did not decrease their intake to more than 50%
of baseline sucrose with this dose of LiCl. Furthermore, in order to test the speed of CTA
extinction, a higher dose of LiCl must be used to form a complete avoidance to the sucrose
solution. Thus, after a few trials, the LiCl concentration was increased to 0.018M. In squad
1, the first 3 trials were with 0.009M LiCl and the next 7 trials were with 0.018M LiCl. In
squad 2, rats received 0.009M LiCl for the first 4 trials, and so they received only 6 trials of
0.018M LiCl. The total acquisition period for the 10 trials was 20 days.

Extinction—The CTA was extinguished by given 0.3M sucrose access without subsequent
injection. There were both 1-bottle test and 2-bottle test methods for extinction. During the
1-bottle test, 0.3M sucrose was provided for 5 min. For the 2-bottle test, water and 0.3M
sucrose were presented simultaneously for 5 min. The side of the cage where water and
sucrose was placed was counterbalanced. The last conditioning day was followed by a water
day, and the extinction schedule began on the next day. There were 3 extinction cycles. The
first cycle included one 1-bottle test followed by one 2-bottle test. The next 2 cycles
included two 1-bottle test days followed by one 2-bottle test day. As during acquisition, the
schedule that sucrose and water were presented on alternate days was maintained. Thus, the
extinction schedule lasted 16 days. This protocol of CTA extinction has been demonstrated
previously [32].

2.4. Estrous cycle
In squad 1, vaginal cytology samples were collected daily at 7:00 AM. Phases of estrous
cycle were identified according to standard criteria [33]. The vaginal cytology confirmed
that access to unlocked wheel for the ABA group began when the rats had begun estrous
cycling. Estrous cycle stopped when rats lost substantial weight during excess WR and food
restriction. The estrous cycle returned once the rats recovered to baseline body weight. Daily
vaginal cytology observations did not suggest that CTA learning was affected by different
stages of the estrous cycle.

2.5. Statistical analysis
Data in this study included daily body weight, food intake, WR activity, and 5 min water or
sucrose intake. Changes in each parameter were analyzed using repeated measures ANOVA.
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Post hoc comparisons were made with Fisher LSD test following significant main or
interactive ANOVA effects. During the feeding restricted access phase of activity based
anorexia establishment, individual rats reached the 25% weight loss criterion at different
times (4–10 days). For statistical analyses, data from each rat were averaged across days of
the food restriction period. Relative body weight losses from baseline (average of last 3 ad
libitum days) during food restriction were compared using independent t-tests. Food intake
and WR activity during feeding restriction were compared with baseline values using
dependent t-tests.

Conditioned taste aversion data from 1 pair-fed rat was excluded because it had urinary
symptoms as well as reduced water and food intake and lost a significant amount of weight
during the CTA procedure. For CTA acquisition and extinction, data for squad 1 & 2 are
combined because comparisons between the squads showed no difference (repeated measure
ANOVA: naive, p=0.85; ABA, p=0.23; pair-fed, p=0.49). At first, sucrose intakes from 4
groups of rats (naive-sal, n=5; naive-LiCl, n=11; ABA, n=14; pair-fed, n=12) were analyzed
by group × trial (4 ×10) repeated measure ANOVA. No significant differences in CTA
acquisition between the ABA and the control groups were revealed. When only rats that lost
25% of pre-restriction body weight in the ABA group (n=8) and rats paired to them in the
pair-fed group (n=7) were included in the final analysis, significant differences in CTA
acquisition were revealed. Correlation coefficients and t-test of slope =0 were used to
determine the relationship between ABA duration and sucrose suppression or preference
ratio. Similar correlations were performed to determine the relationship between body
weight/duration of weight recovery and sucrose suppression/preference ratio. All statistical
analyses were performed with Statistica 7.0 software (StatSoft Inc.) and significance was set
at α = 0.05. Data are expressed as mean values ± SE.

3. Results
3.1. Establishment of activity based anorexia

The 3 groups of rats were initially divided so that the mean body weights for each group
were equal. The results of activity, food intake, and body weight are shown in Table 1. After
baseline running, rats in the ABA group weighed significantly less than both naive and pair-
fed controls. Body weight between naïve and pair-fed rats did not differ. One way ANOVA
comparing average food intake of the three days of pre-restriction baseline period revealed a
significant group effect, F(2, 40)=4.22, p<0.05. Naive rats consumed less food than pair-fed
(p<0.01) and ABA (p=0.058) rats.

Rats in the ABA group demonstrated significant increases of WR activity, decreases of food
intake, and decreases of body weight during times of restricted food access (see Table 1).
Consistent with previous studies, the ABA rats significantly increased WR activity during
restricted food access. However, food intake was 54% less than their baseline 24 h food
intake. As a result, the mean body weight of the ABA rats was significantly reduced by the
end of the period of restricted food access. Eight of the ABA rats (2 in squad 1 and 6 in
squad 2) reached the 25% reduction of baseline body weight criterion for activity based
anorexia. The 8 ABA rats consumed significantly less food (5.9 ± 0.7 vs. 9 ± 0.4, t-test,
p<0.004) and lost more body weight (27.3 ± 0.7% vs. 15.5 ± 1.2%, t-test, p<0.0001) than the
6 rats (designated as semi-ABA) in the same WR + restricted food access protocol.
However, WR activity before (ABA, 6315 ± 1115 vs. semi-ABA, 4309 ± 1076; t-test,
p=0.23) and during (ABA, 10279 ± 865 vs. semi-ABA, 10909 ± 1927; t-test, p=0.75) the
restriction period did not differ between the two subsets of rats.

The pair-fed rats consumed the same amount of food as those in the ABA protocol (and
similar percentage of food suppression, 55%), but their body weight reduction was
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significantly less than that of the ABA rats (p<0.0001). None of the pair-fed rats lost 25% of
baseline body weight. In fact, the pair-fed rats also lost less body weight than the semi-ABA
rats (pair-fed, 6.4 ± 1.2% vs. semi-ABA, 15.52 ± 1.2%, t<0.0003).

Before beginning CTA, rats in the ABA protocol and pair-fed condition restored their
weight to pre-restriction baseline, but body weight between the three groups differed
significantly [one way ANOVA, F(2, 40)=23.43, p<0.0001: naive, 201.3 ± 2.9g vs. ABA,
172.3 ± 2.3g vs. pair-fed, 188.5 ± 3.9g]. However, they weighed the same at the end of the
CTA acquisition and extinction protocols [one way ANOVA, F(2, 40)=0.06, p=0.94: naive,
237.4 ± 4g vs. ABA, 237.3 ± 3.4g vs. pair-fed, 239.2 ± 5.4g].

3.2. CTA acquisition
Baseline 5 min water intakes were the average intakes of the last 2 water trials before the
conditioning trials began. This baseline intake was not different among the groups [one way
ANOVA, F(3, 27)=0.61, p=0.61].

All rats that received LiCl injections (naive-LiCl, pair-fed, and ABA) after 0.3M sucrose
consumption progressively decreased their sucrose intake (Fig. 1). Group by trial (4 × 10)
repeated measure ANOVA revealed significant effects of group [F(3, 27)=14.23, p<0.0001],
trial [F(9, 243)=38.601, p<0.0001], and group × trial interaction [F(27, 243)=4.34,
p<0.0001]. By design, naive rats that received saline injections after sucrose (naive-sal)
never learned an aversion so their sucrose intakes were maintained at levels higher than their
baseline water intake. Post hoc tests on the group effect revealed that overall sucrose intakes
were naive-sal>naive-LiCl ≥ pair-fed ≥ ABA (each group vs. naive-sal, p<0.0001). Sucrose
intake on the first conditioning trial did not differ between the 4 groups. Compared with
intakes of naive-sal rats, naive-LiCl rats consumed significantly less sucrose on trial 3
(p<0.05) and 5–10 (p<0.003), and pair-fed (p<0.01) and ABA (p<0.003) rats consumed
significantly less on trial 3–10. Thus, all 3 groups that received sucrose-LiCl pairings
acquired a CTA. Furthermore, post hoc tests on the group effect also revealed that the ABA
rats learned sucrose aversion significantly sooner than the naive-LiCl rats (p<0.05).
Suppression of sucrose intake in ABA rats was more than 50% by the fourth conditioning
trial (the last trial of 0.009M LiCl) while the same level of suppression was not reached until
the 6th and 7th trial for pair-fed and naive rats, respectively. Sucrose intakes on trial 4, 6, 8,
and 9 (p<0.05 for each trial) in the ABA rats were significantly less than in the naive-LiCl
rats. By the 10th trial, only the ABA rats exhibited complete sucrose avoidance.

The 6 rats that went through the WR + restricted food access protocol (semi-ABA) but did
not reach the 25% body weight loss criteria, acquired a CTA to sucrose in a similar manner
to the naive-LiCl rats [repeated measure ANOVA (2 × 10) comparing 10 CTA trials in
naive-LiCl and the semi-ABA rats, F(9, 144)= 0.46, p=0.9]. When compared with the 8
ABA rats, repeated measure ANOVA (2 × 10) revealed a significant effect of group × trial
interaction [F(9, 108)=2.4, p<0.05]. Sucrose intakes on trials 4 and 5 (p<0.05) were
significantly more in the semi-ABA than in the ABA rats. Further, similar to the naive-LiCl
rats, the semi-ABA rats did not suppress more than 50% of their initial sucrose intake until
trial 7. By the end of 10 conditioning trials, the semi-ABA rats still drank 1.5 ml of sucrose.
Thus, although the semi-ABA rats went through the same WR + restricted food access
protocol, they acquired a CTA more slowly than did the ABA rats.

3.3. CTA extinction
The results of 1-bottle and 2-bottle tests both revealed that the ABA rats increased sucrose
intakes more slowly than the controls. However, a significant difference between the ABA
and control rats was only shown in 1-bottle test.
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1-bottle tests (Fig. 2)—Rats in the naive-sal group never learned aversion to sucrose so
their initial sucrose intake was significantly higher than that of the other 3 groups [4×5
repeated measure ANOVA: group effect F(F(3, 27)=11.81, p<0.0001]. All 4 groups
increased intake of 0.3M sucrose over trials [trial effect, F(4, 108)=28.31, p<0.0001; group
× trial interaction, F(12, 108)=1.94, p<0.05]. For the naive-sal rats, intakes on trial 4 and 5
were significantly more than on trial 1 (p<0.05). The naive-LiCl and pair-fed rats recovered
their sucrose intake similarly. Compared with trial 1, they consumed significantly more
sucrose from trial 3–5 (p<0.001). In contrast, the ABA rats did not significantly increase
sucrose intake until trial 4 and 5 (p<0.05). Furthermore, intakes on trial 4 and 5 were
significantly less in ABA rats than in naive-LiCl (p<0.05 and 0.01) and pair-fed rats
(p<0.05). The results for the semi-ABA rats were similar to the naive-LiCl and pair-fed rats
(data not presented).

2-bottle tests (Fig. 3)—Data from 2-bottle tests are expressed as a sucrose preference
ratio. Preference ratio was calculated by dividing the 5 min sucrose intake by 5 min total
intake (sucrose + water). Again, as the naive-sal rats never formed aversion, they highly
preferred sucrose. This preference was significantly more than those of the 3 groups that had
learned sucrose aversion in all 3 trials of 2-bottle test [4×3 repeated measure ANOVA:
group effect, F(3, 27)=11.1, p<0.0001]. Preferences to sucrose in those 3 groups did not
differ, and the preferences gradually increased over trials [trial effect, F(2, 54)=11.65,
p<0.0001; group × trial, F(6, 54)=1.36, p=0.25 ]. Although no significant group effect was
found, the sucrose preference ratio for the ABA rats (0.3 ± 0.13) was lower than both the
naive-LiCl (0.53 ± 0.09) and pair-fed (0.58 ± 0.17) rats on the third 2-bottle test. Again, the
results for the semi-ABA rats were similar to the naive-LiCl and pair-fed rats (data not
presented).

4. Discussion
The results of this study demonstrated that food aversion learning is enhanced after
experiencing restricted food access along with excessive exercise. The paradigm used to
induce ABA in this study included free access to RW while access to food was restricted to
1–2 h. After the ABA rats restored baseline body weight, all rats (naive, pair-fed, and ABA)
were trained to learn a CTA to sucrose. Enhanced CTA acquisition and retarded extinction
was not shown in pair-fed rats or rats that experienced the WR + restricted food access
schedule but failed to reach the ABA criterion (semi-ABA). The finding that the enhanced
CTA was specific in WR rats that reached the 25% weight loss criterion suggest that a
certain degree of starvation combined with excessive activity is required to produce such an
effect. Such data further the notion that exercise is highly reinforcing under the condition of
starvation [13]. The increased reinforcing value of exercise or severe weight loss per se
could in turn support a hedonic or motivational shift away from food and, may even
facilitate or promote food avoidance [13,34]. Although others have investigated the
formation of a CTA to a novel food when the novel food (i.e., dog biscuits) was used in
ABA paradigm [35], this is the first study to investigate how a history with ABA with
standard chow alters the acquisition and retention of a CTA using 0.3M sucrose as the
conditioned stimulus.

The body weight and food intake results during baseline WR for the ABA rats were
consistent with previous studies. It has been demonstrated that both adolescent and adult
male rats significantly suppress food intake for as long as 14 days with WR activity [36,37].
Reductions of food intake and body weight are most remarkable within the first 4 days of
WR activity [36–38]. Food intake returns to the level of pre-wheel running or sedentary
controls after 14 days of WR, but body weight is maintained at significantly lower levels
than in controls without RW access [36,38]. Compared to pre-wheel running baseline,
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average food intake of the first 3 days of wheel running was significantly reduced in the WR
rats (16.24 ± 0.4g vs. 13.26 ± 0.4g). Food intake before the beginning of restricted access
was at the level of pre-wheel running (16.24 ± 0.4g vs. pre-restricted food access, 16.1 ±
0.7g), but, as shown in Table 1, the rats still weighed significantly less than the pair-fed and
naive controls by the end of baseline WR period. Thus, as with male rats [38], food intake
and body weight are also remarkably reduced during the early stage of WR activity in
adolescent female rats.

The results of this study also demonstrate significant individual differences in the response
to the WR + restricted food access protocol. Among the 14 rats that were placed in such
protocol, only 8 reached the 25% weight loss criterion for ABA. These rats suppressed food
intake more than did the 6 rats that did not reach the criterion for ABA during the restricted
food access period. The WR activity during restricted food access between the two subsets
of rats was not different. These results reflect the individual differences that make some rats
more susceptible to ABA and, this may underlie the physiological mechanisms that make
individuals more likely to engage in aberrant eating behaviors. Furthermore, these results
also agree with the finding that genetic factors contribute to the susceptibility for developing
AN [39]. Since there were differences in the duration of food restriction and weight recovery
among the ABA rats, one would expect that differences in the two factors might affect CTA
acquisition and extinction outcomes. However, there was not a significant correlation
between restriction duration and final sucrose suppression during acquisition (p=0.86) or
sucrose preference ratio at the end of extinction (p=0.58) in the 8 ABA experienced rats.
There was also no relationship between the duration of recovery and sucrose suppression
(p=0.24) or preference ratio (p=0.32). Thus, it appears that as long as the rats experienced
ABA, CTA acquisition and extinction were not affected by the duration of food restriction
or of weight restoration

One limitation of this study was that although we had a pair-fed group to match the amount
of food consumed by the ABA, we did not include a control group that was weight-matched
to the weight loss in the ABA group. Having this group would allow us to determine
whether the difference between groups was influenced by the ABA experience or the
resulting weight loss. In order to understand how periods of weight reduction can influence
the association properties of a CTA, including a food restricted, weight-matched group will
be necessary in future studies.

The conditioned aversion paradigm used in this study was sensitive for detecting differences
in CTA learning among the groups. The threshold dose, 0.009M, of LiCl has been shown to
produce less than 50% suppression of baseline intake of the conditioned stimulus (CS, 0.3M
sucrose in this case) after 8 trials of pairing in naive rats [30,31]. In this study, neither the
naive nor the pair-fed controls reached 50% level of suppression on sucrose intake during
the 0.009M LiCl trials. On the other hand, the ABA rats suppressed more than 50% of
baseline sucrose intake by the last 0.009M LiCl trial. Furthermore, prior work has
demonstrated that rats do not normally acquire complete avoidance to a CS with up to 8
pairings with 0.018M LiCl [30]. This is consistent with the results for the pair-fed and naive
rats in the current study. In contrast, the ABA rats completely avoided the sucrose CS within
6 pairings with 0.018M LiCl. Thus, these results revealed that the ABA rats learned a CTA
sooner and to a greater degree than did the controls. In addition, the CTA paradigm with low
doses of LiCl was sensitive to detect the differences in CTA learning between rats with and
without a history of activity based anorexia.

The results of 1-bottle tests demonstrated that the ABA rats extinguished a CTA
significantly more slowly than the controls (Fig. 2.). Although the sucrose preference ratio
was lower in the ABA rats than in controls (Fig. 3.), the results of the 2-bottle test did not
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show significant differences between groups. In this study, the rats were trained for a CTA
with a CS presented alone during acquisition. For extinction, the 1-bottle but not 2-bottle
test retained this one bottle presentation context. This contextual difference in assessing the
strength of a CTA may contribute to the inconsistent level of group differences between the
results of 1-bottle and 2-bottle tests. This finding is consistent with the claim that 1-bottle
test is more sensitive for detecting between-group differences in determining the strength of
CTA learning than 2-bottle test [40–42].

At the time that the CTA acquisition and extinction procedures were conducted the weights
of the ABA rats had returned to their pre-restriction levels but were still less than the
weights of the controls at the time of testing. Whether this reduced level of body weight
contributed to the CTA acquisition or extinction data is unclear. It has been suggested that
rats are more resistant to CTA learning while they are food deprived or are in negative
energy balance [43]. Based on this assertion, the ABA rats would be expected to acquire a
CTA more slowly than the other rats because they would consume more calories to
compensate for the energy deficit. This was not the case. The results showed that the ABA
rats learned a CTA sooner than the controls, even though they weighed significantly less at
the beginning of the CTA procedures. Moreover, there were no significant correlations
between beginning body weight and final sucrose suppression during acquisition (p=0.48) or
the sucrose preference ratio on the last 2-bottle test during extinction (p=0.91). This suggests
that a difference in body weight or negative energy balance at the beginning of the CTA was
unlikely to contribute to the sucrose aversion displayed by the ABA experienced rats.

The pathophysiological mechanisms underlying AN and those for reduced food intake,
increased exercise and the maintenance of low body weight in ABA are essentially different.
Nevertheless, having experienced the consequences of such behaviors may serve to sustain
the behaviors in both ABA and AN. Activity based anorexic rats have been shown to have
significantly less adipose tissues, and lower plasma levels of leptin and insulin [44].
Centrally, hypothalamic gene expressions of orexigenic neuropeptides (NPY and agouti-
related protein) are significantly elevated, while anorexigenic peptides (pro-
opiomelanocortin and cocaine- and amphetamine-related transcript) are reduced in the ABA
rats compared with ad lib or pair-fed controls [45]. On the other hand, mesolimbic reward
systems have been implicated in the hyperactivity and starvation paradox of AN [12]. In
particular, studies have demonstrated that DA receptor 1 and 2 antagonists can reduce food
associated activity [34,46], and DA receptor antagonists has been shown to attenuate body
weight loss during ABA [47]. Further studies are required to determine whether the specific
neural systems involved in reward are altered after animals have experienced ABA and
whether such neural alterations supports enhanced conditioned food avoidance learning.

Activity based anorexia models the consequences of repetitive abnormal eating and exercise
behaviors. This experience with ABA could have long term physiological and neuronal
effects that affect learning and cognitive functions. For example, it has been demonstrated
that rats with ABA experience during adolescence have increased anxiety like behaviors and
alterations in the HPA axis in adulthood [48]. This is in agreement with the current study.
As demonstrated with a CTA paradigm, the negative food association learning and retention
is enhanced specifically in rats that experienced dramatic 25% loss of initial weight due to
hyperactivity coupled with reduced food intake. In some AN patients, a negative food
association could initially occur during the acute phase i.e. increased motivation to exercise
but reduced reward value of food paired with visceral symptoms such as nausea and
vomiting [49]. The neural alterations resulting from such pairing could in turn support the
sustaining avoidance of palatable food or the susceptibility of forming conditioned food
aversion in the future.
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Overall, the findings from this study not only support the assertion that experience with
severe starvation and exercise enhances negative food associations, but also suggest that the
consequences of these behaviors are not transitory. Research of this nature is likely to
provide insight into the circumstances that impede treatment and facilitate relapse in eating
disorders.

Research Highlights

• Activity based anorexia rats show increased activity but reduced food intake.

• Activity based anorexic rats dramatically reduced 25% of initial body weight.

• These anorexic rats learned a conditioned taste aversion sooner than the
controls.

• The same anorexic rats extinguished the aversion more slowly than the controls.
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Fig. 1.
Conditioned taste aversion to 0.3M sucrose. Values are means ± SE. Data include baseline 5
min water intake (dH2O) and 5 min intake of sucrose during 10 pairing trials. Naive rats
paired with saline (naive-sal) after sucrose intake did not acquire an aversion. The other 3
groups received LiCl injections after sucrose, and all acquired a CTA (see section 3.2). The
ABA rats decreased sucrose intake significantly more than the naive-LiCl rats on trials 4, 6,
8, and 9. They also completely avoided while the controls still sampled sucrose by the last
conditioning trial. *p<0.05, naive-LiCl vs. ABA.
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Fig. 2.
Sucrose CTA extinction during 5 trials of 1-bottle tests. Values are means ± SE. Naive rats
paired with saline during CTA acquisition never formed an aversion to sucrose so their
intakes maintained large. Aversion to sucrose in all 3 LiCl paired groups extinguished over
trials. The naive-LiCl and pair-fed rats extinguished their sucrose aversion at similar rate.
Rats with ABA experience extinguished sucrose aversion significantly more slowly than the
other 2 LiCl paired groups. *p<0.05, naive-licl or pair-fed vs. ABA.
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Fig. 3.
Sucrose CTA extinction during 3 trials of 2-bottle tests. Data are presented as sucrose
preference ratio (=sucrose intake/ total 5 min intakes of dH2O and sucrose). Values are
means ± SE. Naive rats paired with saline during CTA acquisition never formed an aversion
to sucrose so their preference to sucrose maintained high. All 3 groups paired with LiCl
during CTA acquisition showed gradual extinction as the sucrose preference ratio increased
across trials. Although not significantly different, the ABA rats increased their sucrose
preference more slowly than the other 2 groups.
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