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Abstract
Endogenous cannabinoid signaling, mediated predominately by CB1 receptor activation, is
involved in food intake control and body weight regulation. Despite advances in determining the
role of the CB1 receptor in obesity, its involvement in the driven nature of eating pathologies has
received little attention. The present study examined CB1 receptor alterations as a consequence of
dietary-induced binge eating in female Sprague Dawley rats. Four control groups were used to
control for calorie restriction and highly palatable food variables characterizing this behavioral
model. All groups were kept on their respective feeding schedules for 6-weeks and were given a
uniform 33% calorie restriction (~22 h food deprivation) prior to sacrifice. Our findings indicate
regional CB1 mRNA and density were influenced by dietary conditions, but were not specific to
the dietary-induced binge eating paradigm used. An increase of approximately 50% (compared
with naive controls) in CB1 receptor mRNA levels in the nucleus of the solitary tract as measured
by in situ hybridization was found in animals receiving continuous access to a highly palatable
food (i.e., vegetable shortening with 10% sucrose). This group also had a significant increase in
body weight and adiposity. An approximate 20% reduction in CB1 mRNA was observed in the
cingulate cortex (area 1 and 2) in animals that were exposed to intermittent schedule of feeding,
compared with groups that had ad libitum feeding schedules (i.e., continuous access and naive
controls). Receptor density as measured by [3H] CP55,940 autoradiography, was reduced by
approximately 30% in the nucleus accumbens shell region in groups receiving repeated access to
the highly palatable food. Taken together, these findings indicate dietary conditions can
differentially influence CB1 receptors in forebrain and hindbrain regions.
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Introduction
The psychotropic and appetite stimulating effects of Cannabis are mediated by actions on
the endogenous cannabinoid system [1,2]. Cannabinoid signaling is mediated through two
types of membrane-bound G-protein receptors, CB1 and CB2, which share only 44% amino
acid homology with one another [2-4]. Involved predominately in immune function, CB2
receptors are located on the spleen, thymus, and immune cells. In the central nervous
system, CB2 receptors are principally found on microglia and increase expression under
pathological conditions [5] . One exception is the caudal brainstem where CB2 receptors are
located on a population of neurons in the dorsal motor nucleus of vagus and have a
functional role in emesis [6]. CB1 receptors, on the other hand, are predominately
distributed throughout the central, peripheral, and enteric nervous systems [7-10]. Several
brain areas involved in the control of feeding and body weight have moderate to high
densities of CB1 receptors and mRNA content [4,7-9,11,12]. Diet-induced obesity has been
associated with alterations in both CB1 receptor expression and endogenous cannabinoid
signaling [1,13,14]. Findings from several studies support the contention that endogenous
cannabinoid overactivation results in obesity and associated metabolic impairment [1,14,15].
For instance, diet-induced obesity produced a down-regulation of the CB1 receptor in
several brain regions [13,14,16,17], whereas prolonged treatment with a CB1 antagonist or
disruptions in the CB1 receptor gene reduce food intake and adiposity, and prevents the
development of diet-induced obesity [18-20]. As a result, normalization of the endogenous
cannabinoid system by reducing CB1 signaling has generated considerable therapeutic
interest for the treatment of obesity [21,22].

Understanding the physiological consequences of dietary conditions will help elucidate the
pathophysiology of eating disorders and related pathologies [23-27]. Prolonged periods of
calorie restriction, repeated failed dieting attempts, and body weight suppression are often
antecedent to and/or involved in the maintenance of clinical eating pathologies [28-32]. In
bulimia nervosa and binge eating disorder, bouts of overconsuming “risk” foods (typically
high in sugars and/or fats) are considered to contribute to the self-sustaining nature of the
pathophysiology [24,33,34]. Advances have been made in understanding the consequences
of dietary influences on the neural and behavioral components of eating by utilizing rodent
models of dietary-induced binge eating [33,35-39]. Indeed, a neurochemical mechanism for
the motivated and driven nature of binge eating behavior has been supported by the
observation of a persistence in accumbens dopamine signaling, opiate-like dependency, and
differential feeding response to dopamine antagonists and GABA agonists in dietary-
induced binge eating rodent models [33,39,40].

The dietary-induced binge eating model used in the present study incorporates several
elements that parallel binge eating behaviors reported in clinical populations. The protocol
includes “binge access” period causes an overeating pattern of intake that is produced by
imposing intermittent food restriction with limited access to a highly palatable food (i.e.,
sweetened fat; vegetable shortening blended with 10% sucrose) [41,42]. The purpose of the
present investigation was to determine whether such patterns of overeating result in
alterations in the CB1 receptor mRNA and binding density in neural structures involved in
body weight regulation and food intake [8,9]. Analyses were performed on frozen tissue
collected from animals used in a previously published study measured mu-opioid receptor
mRNA in the hindbrain and nodose ganglion [42].
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Material and Methods
Animals

A total of thirty-nine adult female Sprague Dawley rats (Harlan Laboratories, Frederick,
MD), with an initial weight range of 200-225g were individually housed in stainless steel
wire mesh hanging cages and placed on a 12/12 h light dark schedule (lights off at 1230 h).
All rats received ad libitum standard laboratory chow (Global Diet-2018, Harlan Teklad; 3.3
Kcal/g; fixed formula diet of 18% protein, 3.4% polyunsaturated fat, 1.3% monounsaturated
fat, 0.9% saturated fat) unless otherwise noted. Water was available at all times during the
experiments, but water intake was not measured. All the procedures were approved by the
Institutional Animal Care and Use Committee of the Johns Hopkins University.

Feeding schedules and experimental groups—The five feeding protocols used in
this experiment are described in Table 1. The highly palatable food used was “sweetened
fat”, consisting of vegetable shortening, (Crisco®, a generous gift from J.M. Smucker, Co.;
33.3% monounsaturated fat, 25% saturated fat; 25% polyunsaturated fat, 12.5% trans fat)
blended with 10% sucrose (8.6 Kcal/g). All animals received a 24 h pre-exposure to the
sweetened fat 3 days before being allocated into the groups. Animals were distributed into
five groups to reflect no initial differences in body weight or sweetened fat preferences
between groups. Groups were designated relative to two independent variables, access to
sweetened fat and intermittent calorie restriction. The groups included Continuous Access,
Binge Access, Chow Restricted, Scheduled Access, and Naive groups (n=8 for all groups,
except Chow Restricted n=7). The Binge Access and Chow Restricted group were restricted
at the beginning of the dark cycle to 33% of the previous day's chow calorie intake on Days
2 and 5 of each week. On subsequent days (days 3 and 6) 2 h into the dark cycle (1430 h)
(total deprivation time ~ 22 h), the Binge Access group was given access to both standard
chow and sweetened fat, whereas the Chow Restricted groups were re-fed with chow alone.
The Binge Access group had access to the jars of sweetened fat only for the first 2 h of each
re-feeding period. In this fashion, the Binge Access group was exposed to a repeated cycle
that consisted of three no restriction days (days 1, 4, and 7), two weekly episodes of calorie
restriction (days 2 and 5), and two weekly episodes of scheduled re-feeding starting with a 2
h access to an optional sweetened fat (days 3 and 6). This schedule was chosen to provide
the animals with combination of intermittent days of calorie restriction, palatable food
access and ad libitum standard chow access within a 7-day period. A fourth group,
Scheduled Access, received the 2 h access to the sweetened fat at the same time as the Binge
Access groups, but did not undergo any repeated bouts of chow restriction. The Naive group
received ad libitum access to the standard chow without any repeated bouts of calorie
restriction or access to the sweetened fat [42].

Palatable food and chow intake during the feeding schedules
Animals were maintained on these feeding schedules for 6 weeks. Food intake and spillage
were recorded to the nearest 0.1 g and measured separately for the 2 h feeding period and
the 20 h following the re-feeding period. The 2 h and 20 h intakes were combined to
represent the total intakes on days 3 and 6 (i.e., re-feeding days or “binge days”) throughout
the experiment. The 24 h caloric intake was also measured on days 1 and 4 (days before the
calorie restriction for Binge Access and Chow Restricted groups). Intakes for Day 7 were
not recorded. A more detailed description of the feeding conditions can be found elsewhere
[42].

Nodose ganglion and brain removal
After a total of 6 weeks on the feeding schedule, all groups were food-restricted beginning at
the onset of the dark cycle to 33% of the previous day's caloric intake. The uniform 33%
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calorie restriction on the day prior to sacrifice was employed to eliminate the potential
confounding effects of recent food intake, which would have varied amongst groups. On the
following day, 2 h into the dark cycle at the time of expected re-feeding for Binge Access,
Chow-Restricted, and Scheduled Access groups, rats were taken into a separate room and
anesthetized with 1 ml/kg of a 4:3 mixture of ketamine (100 mg/ml) and xylazine (20 mg/
ml). The nodose ganglion of the vagus (left side) was removed, immediately immersed in –
40°C isopentane (2-methylbutane), and stored at –80°C. The animals were then decapitated
and brains were removed and processed in an identical manner to the excised nodose tissue.

Tissue sectioning
Brains were knife cut at the midbrain (coronal plane) and sectioned at 14 μm in the coronal
plane on a cryostat. For the forebrain, sectioning commenced at the forceps minor corpus
callosum (12.0 mm from interaural line) in an anterior-posterior approach continuing
through the striatum (9.7 mm from interaural line). Sectioning of the hypothalamus
commenced at the level of the emergence of the hippocampus (CA3) continuing through the
fimbria (7.3 mm from the interaural line) to the posterior nucleus of the hypothalamus (5.2
mm from the interaural line). For the hindbrain, posterior-anterior sectioning commenced at
the level of the obex (-5.6 mm from the interaural line) continuing rostrally to the gelatinous
nucleus and the caudal aspect of the medial vestibular nucleus on the dorsal boundary (-3.6
mm from the interaural line) [43]. Nodose ganglion were embedded in brain paste (bovine)
and sectioned at 14 μm in the longitudinal plane. Three or four sections were mounted on
Superfrost Plus slides (Fisher Scientific, Pittsburgh, PA) and matched anatomically by group
for each hybridization or autoradiography assay.

Riboprobes and in situ hybridization
Plasmids (bluescript SK+) containing the rat CB1 receptor construct (112-948 bp; accession
number NM_012784; generous gift of M. Herkenham, NIMH and M. Abood, Temple
University) were linearized by recommended restricted enzymes. Antisense and sense
riboprobes for each were labeled with [35S]UTP (Specific Activity; 1200 Ci/mmol,
Amersham/GE Healthcare; Piscataway NJ) utilizing in vitro transcription systems with
appropriate polymerases according to the manufacturer's protocols (Promega; Madison, WI).
The labeled probe was purified with mini Quick Spin RNA Columns (Roche Applied
Science, Indianapolis, IN) to yield a specific activity of 5 × 108 cpm/μg. In situ
hybridization was performed as described previously [42] and dehydrated slides were
exposed to BioMax XAR Film (Eastman Kodak Company, New York, NY) for 3 to 5 days.
Regions examined included dorsolateral caudate putamen, cingulate cortex (area 1 and 2),
ventromedial hypothalamus (VMH), NTS and nodose ganglion.

Autoradiography
Sections were pre-incubated for 30 min at room temperature in 50 mM Tris HCl (pH 7.4)
containing 5% bovine serum albumin (BSA). Sections were next incubated for 2 h at room
temperature in the same buffer with the addition of 5 nM [3H] CP55,940 (specific activity
100 Ci/mmol, Perkin Elmer, USA). Nonspecific binding was determined in adjacent
sections by incubation with 5 nM [3H] CP55,940 in the presence of 10 μM
CP55,940( Tocris, Ellisville, MO). After incubation, sections were washed for 1h at 4°C in
50 mM Tris HCl (pH 7.4.) containing 1% BSA. An additional wash was carried out for 3 h
in the same buffer at 4°C. A 5 min (at 4°C) final wash was performed in 50 mM Tris HCl
(pH 7.4). Sections were then dipped briefly in ice cold distilled water and dried. Tissue was
then juxtaposed to [H3]-Hyperfilm (Amersham/GE Healthcare; Piscataway NJ) for 21 days.
Tissue was quantitated by densitometry methodology using the values from the [H3]
microscales (Amersham/GE Healthcare; Piscataway NJ) exposed with the film. Regions
examined included cingulate cortex (area 1 and 2), shell region of the nucleus accumbens,
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dorsolateral caudate putamen, entopenduncular nucleus, CA1 region of the hippocampus,
and dorsal and ventral hypothalamus.

Quantitative analysis
In situ and autoradiographic images were first scanned using an Epson Professional Scanner
and then quantified with Scion Image software that utilized 14C-or 3H microscales
(Amersham/GE Healthcare; Piscataway NJ) as standards. Images were quantitated using the
Scion Image software (Version 4.0.3.2, NIH, Bethesda, MD). Data for each animal were
means of the product of hybridization area X optical density (OD) and this value was
subtracted from the film background OD. There was no measurable OD of signal greater
than film background in either of the sections hybridized with the labeled sense probe or
unlabeled CP55,940. Data for each animal were normalized to those of Naive controls as
100% and all of the data were expressed as means ± SE.

Statistical analyses
In situ hybridization and autoradiography measurements were analyzed separately for each
brain region by one-way ANOVA. To determine if body weight had an effect on the
outcome of mRNA and receptor density, brain region measurements were also analyzed by
ANCOVA with body weight as a covariate. Post hoc comparisons were made when
appropriate with a Newman-Keuls test, unless otherwise noted. All statistical analyses were
performed with Statistica software (version 7.1, StatSoft Inc., Tulsa OK), and significance
was set at α = 0.05.

Results
Food intake and body weight during the 6-week feeding schedule

Intakes for all groups were previously reported [42]. Briefly, averaged 6-week total Kcal
intake during the 2h re-feeding period, on days 3 and 6, for the Binge Access (57.6 ± 4
Kcal), Continuous Access (19.4 ± 2 Kcal), Chow Restricted (29.2 ± 2 Kcal), Scheduled
Access (50.8 ± 5 Kcal) and Naive (11.6 ± 2 Kcal) groups. During the 2h feeding the Binge
Access group consumed the most calories and the Scheduled Access group consumed the
most sweetened fat. Compensatory feeding behaviors were demonstrated over other feeding
intervals with Continuous Access animals consuming the most Kcals over the 6-week
period. The percent body weight gains over the 6-weeks for the Binge Access (6 ± 1%),
Continuous Access (14 ± 2%), Chow Restricted (6 ± 1%), Schedule Access (8 ± 2%) and
Naive (9 ± 1%) groups. In addition to the highest weight gain, the Continuous Access group
had significantly more subcutaneous and retroperitoneal white adipose tissue, increased
plasma leptin levels, and decreased plasma total ghrelin level compared with all other
groups [42].

In situ hybridization for the CB1 receptor
Of the five regions examined, only three regions demonstrated significant differences among
the groups. These were the nodose ganglion [F (4, 20) = 2.9, P < 0.05], NTS [F(4, 29) = 3.2,
P < 0.05], and the cingulate cortex [F (4, 31) = 4.8, P < 0.005]. For the nodose ganglion
there was a trend for Continuous Access and Schedule Access groups to have lower CB1
mRNA levels than other groups, however, post-hoc testing did not reveal any differences
between individual groups. For the nucleus of the solitary tract, the Continuous Access
group had higher mRNA levels compared with Naive and Binge Access groups (p < 0.05 for
both), see Figure 1. When performing an ANCOVA using body weight as a covariate,
however, the difference among the groups did not quite reach significance [F (4, 28) = 2.7, p
= 0.06]. For the cingulate cortex, mRNA levels in the Binge Access, Chow Restricted, and
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Schedule Access groups were all significantly less than the Continuous Access group (p <
0.05 for all). Planned comparisons revealed that all three groups exposed to intermittent
feeding schedules (Binge Access, Chow Restricted, Schedule Access groups) were
significantly different (P < 0.001) from groups that had ad libitum feeding schedule
(Continuous Access and Naive groups), see Figure 2.

Autoradiography for the CB receptor
Of the seven regions examined, only one region demonstrated significant differences among
the groups. This region was the medial region of the nucleus accumbens [F(4, 21)=5.3,
P<0.005]. Post-hoc testing revealed that Binge Access, Continuous Access, and Scheduled
Access groups had lower binding density than the Chow Restricted group (p<0.05 for all),
see Figure 3. Differences between the Chow-Restricted and Naïve groups only approached
significance (P=0.06). Vaginal cytology was taken as previously described [42] and there
were no appreciable influences on CB1 receptor mRNA levels and binding densities.

Discussion
This study sought to examine whether dietary conditions that promoted binge-like eating in
female rats result in alterations in CB1 receptor mRNA and binding density levels in
feeding-related neural regions. Based on the reported distribution of CB1 receptor mRNA
[7,44-48], in situ hybridization was used to measure CB1 receptor mRNA in the dorsolateral
caudate putamen, cingulate cortex (area 1 and 2), ventromedial nucleus of the hypothalamus,
NTS and nodose ganglion. Also, a synthetic cannabinoid radioligand, [H3] CP55940, which
has a relatively equal affinity for CB1 compared with CB2 receptors [7,13]. Since CB2
receptor have negligible distribution throughout forebrain regions under non-pathological
conditions [5], we interpreted the CP55,940 autoradiography findings as representing CB1
receptor binding densities. A similar interpretation with CP 55450 has been used by others
[13,17,49]. However, because there exists a population of CB2 receptor located in the dorsal
vagal complex, we did not examine binding of this ligand in hindbrain regions [6,50-52].
Although our results indicate no alterations unique to the Binge Access group in CB1
receptor expression or density, we did observe differences between groups in several brains
regions as a consequence of highly palatable food exposure or of scheduled feeding.

In the nucleus of the solitary tract, a hindbrain neural structure critical to the integration and
control of food intake, we found increased CB1 receptor gene expression in animals with
continuous access to the highly palatable sweetened fat diet [53,54]. These animals also
displayed an obese phenotype including higher body weights, elevated plasma leptin,
reduced plasma ghrelin, and more adipose tissue [42]. Correction for this body weight
difference in the continuous access group accounted for the group difference in CB1
receptor expression and suggests that weight gain explained this increase in CB1receptor
expression in the NTS. While involvement of endogenous cannabinoid signaling in the NTS
has been previously reported [55-57], the finding that CB1 receptor gene expression is
elevated as a consequence of obesity is novel. A previously published study by our lab using
the same animals demonstrated a decrease in mu-opioid receptor mRNA in the NTS of the
Continuous Access and Binge Access groups [42]. Additional work is needed to determine
whether mu-opioid and CB1 receptors are co-localized on gastric responsive NTS neurons
and how these receptor populations interact in response to dietary challenges.

Gastrointestinal sensory input is conveyed to the NTS predominately by vagal afferent and
afferent responsivity is often measured by gene expression in the soma region or nodose
ganglion [58-61]. Examination of the nodose ganglia of obesity-prone (OP) Sprague Dawley
rats exhibited an increase in CB1 receptor gene expression after 8-weeks on a high-fat diet
(compared with week 1). The OP rats also had higher CB1 levels compared with obesity-
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resistant rats fed a low fat diet [62]. Acute food deprivation (≥ 12 h) has been found to
increase CB1 receptor mRNA in the nodose ganglion, while re-feeding or CCK
administration reduce expression [63]. Even though differences in nodose CB1 receptor
expression among groups were also observed in the present study, there was only a trend
supporting decreased CB1 receptor mRNA in the Continuous Access group. Taken together
with the increase in CB1 mRNA levels observed in the NTS, our finding suggest that
independent mechanisms are likely involved in vagal CB1 receptors regulation. Future
studies are needed to delineate the influence of weight gain, dietary fat content, and obesity
status on gastrointestinal integration and CB1 receptor alterations.

Another region that demonstrated a differential pattern of CB1 receptor expression induced
by the dietary conditions employed in the present study was the cingulate cortex (Cg1 and
Cg2). The cingulate cortex is an integral neural structure in the limbic system with
connections to the nucleus accumbens and ventral tegmental area [64,65], and appears to
have a role in cost-benefit effort needed to obtain rewarding stimuli [66-69]. We found that
regardless of diet palatability, groups with intermittent access to food demonstrated
decreased CB1 receptor expression in the cingulate cortex. While the exact role of CB1
receptor function in the cingulate cortex is not known, another study by Timofeeva and
colleagues reported CB1 receptor mRNA alterations in cingulate cortex as a result of diet
manipulations[14]. Rats in that study were given ad libitum standard chow with continuous
access to shortcake biscuits and pork spread (Palatable High Energy Diet; PHED) for 13
weeks. Compared with rats fed ad libitum standard chow, the PHED group gained ~25%
more body fat and had decreased CB1 receptor expression in the cingulate cortex and
ventromedial nucleus of the hypothalamus [14]. In the present study, CB1 receptor mRNA
levels in the cingulate cortex did not differ between the Continuous Access and Naive
controls. We also did not observe any group differences in the ventromedial nucleus of the
hypothalamus. Several differences in experimental design may account for the discrepancy
in findings between the present study and those of Timofeeva and colleagues. One
difference was study length and maintenance on the diet following a significant increase in
body weight. In the present study there was a significant difference in body weight at week 5
and animals were sacrificed a week later (total study length 6 weeks), whereas in Timofeeva
and colleagues design a significant body weight difference was found at 3 weeks and
animals were sacrificed 10 weeks later (total study length 13 weeks). Along these lines,
regional brain differences in CB receptor density were also apparent following 3-week
compared with 20-week exposure to a high fat diet in mice [17]. A second difference
between our study and Timofeeva and colleagues was the percentage of unsaturated fatty
acid content of the highly palatable food, since diets high in polyunsaturated fatty acid
increase brain levels of endogenous cannabinoids [70,71]. Timofeeva and colleagues also
noted further decreases in CB1 receptor mRNA in the cingulate cortex in the PHED group
following a period of acute food restriction (12 h) compare with the PHED group ad libitum
fed prior to sacrifice. No differential CB1 expression in response to food restriction was
noted, however, in non-obese, chow-fed animals [14]. These data suggest that obesity or
exposure to a highly palatable diet can alter the sensitivity of CB1 receptor expression in
cingulate cortex. Hence, differences in dietary fat composition, time course of weight gain,
and the longer period of acute deprivation (~22 h) prior to sacrifice, could have influenced
CB1 receptor expression in the present study.

Another finding of the present study was the reduction in CB 1 receptor density in the
nucleus accumbens medial shell region in animals with access to the highly palatable food.
Reductions in CB receptor density were only significant between groups with highly
palatable food access (Binge Access, Continuous Access, and Scheduled Access) and the
Chow-Restricted group. Downregulation of CB 1 receptors in the nucleus accumbens has
been previously observed in rats fed a highly palatable chow (33% ground chow, 33%
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Nestle condensed milk, 7% sucrose, and 27% water) for 10 weeks [13]. Similar to our
findings, the study noted no differences CB 1 receptor binding differences in hypothalamic
regions. Our findings also suggest differential cannabinoid regulation in different limbic
structures as function of the feeding schedules. That is, the Continuous Access group had
lower accumbens CB1 receptor binding and higher cingulate cortex CB1 receptor mRNA
levels compared with the Chow-Restricted group. Interestingly, the Binge Access and
Scheduled Access groups had lower CB1 receptor binding and mRNA levels in the
accumbens and cingulate cortex, respectively. Considering the role the cingulate cortex and
medial shell accumbens have in motivation and salience [67,72], this differences in
cannabinoid regulation between the two regions is likely a consequence of the dietary
schedules and availability highly palatable food rather than body weight gain or associated
metabolic alterations.

Long-term treatment with a CB1 receptor antagonist/ inverse agonist (SR141617A;
rimonabant) led to effective sustained weight loss in rodent studies and human clinical trials,
but a large number (26%) of the treated clinical population reported a profile of psychiatric
side effects (including depression, anxiety, and agitation) [2,21]. Rodent models offer the
advantage of assessing various aspects of eating behavior and diet without the constraints of
the complex cognitive attributes that often accompany multifactorial human eating
pathologies [33,73]. Despite the absence of findings uniquely specific to our rodent model of
dietary-induced binge eating, we uncovered several changes in feeding related brain regions
resulting from repeated exposure to a highly palatable food or scheduled feeding. These
alterations underscore the potential role of CB1 receptor signaling in sustaining motivated
feeding behavior in the context of highly palatable food access and self-imposed dietary
constraints. Understanding which brain regions are susceptible to dietary manipulations
offers the possibility of developing more targeted cannabinoid pharmacotherapy for the
treatment of obesity and eating disorders.
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Research Highlights

 Endogenous cannabinoids are involved in feeding and highly palatable food
intake.

 Increases in CB1 receptor mRNA levels in the nucleus of the solitary tract were
demonstrated in rats with continuous access to a highly palatable sweet-fat food for 6
weeks. This increase was related to weight gain.

 Reductions in CB1 receptor mRNA levels in the cingulate cortex were
demonstrated in rats with intermittent feeding schedules.

 CB receptor binding densities were reduced in nucleus accumbens shell in rats
with access to a highly palatable sweet-fat food.
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Figure 1. In situ hybridization of CB1 receptors in the nucleus of the solitary tract (NTS)
following the feeding schedules
A: Representative pseudocolor images from in situ hybridization for CB1 receptor. B:
Group differences were found in the NTS (P<0.05). The Continuous Access group differed
from Binge Access and Naive (*, p<0.05 for both). Dotted line represents value for the
Naive group for comparison. There were no differences between groups when body weight
was used as a covariate in an ANCOVA, suggesting that body weight differences influenced
CB1 receptor group differences.
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Figure 2. In situ hybridization of CB1 receptors in the cingulate cortex (Cg1 and Cg2) following
the feeding schedules
A: Representative pseudocolor images from in situ hybridization for CB1 receptor. B:
Group differences were found in the cingulate cortex (P<0.005). The Continuous Access
group differed from Binge Access, Chow Restricted, and Scheduled Access groups (*,
p<0.05 for all). Dotted line represents value for the Naive group for comparison. Planned
comparisons revealed there was a significant decrease in the CB1 receptor mRNA in groups
that received intermittent schedules compared with those with ad libitum schedules,
regardless of food palatability.
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Figure 3. Autoradiography of CB 1 receptor in the nucleus accumbens medial shell region
A: Representative images from [H3] CP55940 for CB receptor densities. B: Group
differences were found in the nucleus accumbens (P<0.05). Post-hoc testing revealed the
Binge Access, Continuous, Scheduled Access groups demonstrated decreased receptor
densities relative to the Chow Restricted group (*, p<0.05, for all).Dotted line represents
value for the Naive group for comparison.
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Table 1

Experimental groups and 7-day dietary schedules.

Groups Calorie Restriction (Days 2, 5) Sweetened Fat Access (Days 3, 6)

Binge Access Intermittent Daily 33% 2 hour

Continuous Access No Restriction Ad lib access

Chow Restricted Intermittent Daily 33% No Access

Scheduled Access No Restriction 2 hour

Naive No Restriction No Access

Binge Access, Chow Restricted, and Scheduled Access groups had ad libitum access to standard chow (Days 1, 4, and 7) Naive group had ad
libitum standard chow. All groups were maintained on these schedules for 6 weeks.
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