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Abstract
Excessive consumption of highly-palatable foods may contribute to the development of weight gain.
Therefore medications that selectively suppress eating of such foods would be useful in clinical
practice. We compared the effects of the glutamatergic antagonists memantine and MTEP to
dexfenfluramine in baboons given periodic access to highly-palatable food and ad libutum access to
a standard chow diet. Three days a week baboons received a sugar-coated candy during the first meal
and standard diet chow pellets were available in subsequent meals. All baboons derived a greater
amount of energy from the single candy meal than from the standard diet across an entire day. Pre-
treatment with dexfenfluramine, memantine, and MTEP produced decreases in candy consumption
without altering candy-seeking behaviour. At the same time, dexfenfluramine and memantine, but
not MTEP, produced a decrease in seeking and consumption of standard chow pellets. Both
memantine and MTEP are promising agents for the treatment of obesity.

1 Introduction
The recent dramatic increase in the prevalence of obesity in the United States is often linked
to the increased availability of low-cost, highly-palatable (HP) foods which contain greater
percentages of carbohydrates and fats and are denser in calories than a standard diet
(Drewnowski, 1998, Hill et al., 2003, Ogden et al., 2007). Consumption of HP food has been
connected with the increased total energy intake and weight gain in epidemiological (Vartanian
et al., 2007), and experimental studies (Raben et al., 2002). Further, it has been argued that
increased consumption of HP foods contributes to the development of a non-homeostatic
pattern of food intake that can override the metabolic regulatory system responsible for weight
maintenance and result in obesity (Berthoud, 2004, Blundell and Finlayson, 2004). HP food is
more likely to be consumed between meals and is less responsive to the natural mechanisms
regulating food-intake such as hunger and satiety (Erlanson-Albertsson, 2005). Therefore,
increased exposure to HP foods may result in the development of abnormal patterns of food
consumption such as binge-eating and compulsive over-eating, which may in turn contribute
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to obesity (Tanofsky-Kraff et al., 2006, Fairburn et al., 2000). Elucidation of the behavioural
and neurobiological mechanisms involved in the consumption of HP versus standard diets is
an important step in the development of treatments targeting disordered eating and obesity
(Yanovski, 2003). Factors controlling consumption of HP foods may differ from those
regulating intake of the standard diet. If this is the case, then a pharmacological strategy could
be developed to suppress eating of HP foods with minimal effect on intake of less calorie-dense
food. Such medications would be particularly useful in clinical practice to normalize disordered
eating and to treat obesity.

Several rodent laboratory models have been developed to study the binge-type feeding
behaviour observed in some obese individuals (Corwin et al., 1998, Corwin and Buda-Levin,
2004). However, these models use small laboratory animals, which have different feeding
patterns and compensatory mechanisms than larger animals, including humans, which may
limit the extrapolation of the findings. Modelling binge-eating in a large non-human primate
may be more relevant to medication development. One of the paradigms that can be adapted
to screen for medications that target binge-eating involves operant responding for food in
baboons (Foltin, 2001). In this model, a chain schedule of reinforcement simulates food
“seeking” and food “taking” components of feeding, which permits the appetitive and the
consummatory phases of feeding behaviour to be studied separately. Providing unrestricted
access to standard-diet food with an optional source of HP food, available under a limited
access schedule may induce high level of HP food consumption, and be used as a baboon model
of binge-eating (Foltin, 2006b, Foltin and Haney, 2007). The first goal of the present study
was to assess the utility of this model as a screening tool in binge-eating pharmacotherapy
development. To achieve this we have tested the effects of dexfenfluramine, a serotonin and
dopamine reuptake inhibitor and a prototypic weight-loss medication that has been found to
reduce binge-eating in patients with obesity and binge-eating disorders (Stunkard et al.,
1996).

Glutamatergic neurotransmitter systems could be targeted for medication development in
eating disorders. Glutamate pathways are an important component of the central reward
pathway, involved in regulating reinforced and consummatory behaviours related to the use of
drugs of abuse and preferred foods (Parsons et al., 2005). Since the role of glutamatergic
pathways in regulating binge-type eating is unknown, the second goal of the present study was
to evaluate the effects of glutamatergic compounds, the NMDA receptor antagonists
memantine (Parsons et al., 2005) and the mGluR5 antagonist MTEP (Busse et al., 2004) in the
laboratory model of binge-eating, and to compare those effects to the effects of
dexfenfluramine.

2 Methods
2.1 Animals

Four adult male baboons (Papio cynocephalus anubis), weighing 18.3 to 23.1 kg, and four adult
female baboons, weighing 10.7 to 15.8 kg, were individually housed in standard non-human
primate cages (0.94 × 1.21 × 1.52 m high) at The New York State Psychiatric Institute. The
room was illuminated with fluorescent lighting from 7:00 AM to 7:00 PM daily. In addition
to food and candy earned during experimental sessions, two chewable vitamins, two pieces of
fresh fruit, and a dog biscuit were also given daily. Water was available ad libitum from a spout
located at the back of each cage. Animals had experience responding for candy and chow using
this and similar procedures (Foltin, 2006a), and had received acute doses of drugs (Foltin,
2006a, Foltin and Haney, 2007). All aspects of animal maintenance and experimental
procedures complied with the U.S. National Institutes of Health Guide for Care and Use of
Laboratory Animals, and were approved by the New York State Psychiatric Institute Animal
Care and Use Committee.
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2.2 Schedule of reinforcement (Figure 1)
Responding under each phase of a two-phase chain schedule of reinforcement was on a separate
response manipulandum. The session began with the illumination of a single light above the
left appetitive manipulanda. Completion of the first 10 responses (Fixed ratio; FR 10) on the
appetitive manipulanda began a 30-min timer and illuminated a second light over the appetitive
manipulanda, i.e., the 30-min appetitive phase was indicated by the illumination of two lights
above the appetitive manipulanda. The appetitive phase was a fixed-interval (FI) 30 min
schedule, with a FR 10 second-order phase [FI 30 (FR 10:S)]. Thus, after every 10th response
during the FI phase, the stimuli associated with reinforcer delivery during the second phase
were presented. There was a 10 min limited hold for the appetitive phase, such that after the
expiration of the 30 min FI, the next FR 10 had to be completed within 10 min. Failure to
complete a FR 10 within 10 min cancelled that appetitive phase, and extinguished one light
over the appetitive manipulanda such that only a single light was illuminated over the appetitive
manipulanda. The baboon received no indication that the 30-min interval had elapsed. The first
FR 10 completed after 30 min resulted in the two lights above the appetitive lever being
extinguished and a single light above the right consumption manipulanda being illuminated,
signalling the availability of food under the FR consumption phase of the chain schedule. The
consumption phase of the chain schedule was reinforced using a FR 10 schedule of pellet
delivery. After a 10-min interval in which no responses on the consumption manipulanda
occurred, the consumption phase terminated, i.e., meal size was determined by each baboon.
The single light above the consumption manipulanda then extinguished, and the single light
above the appetitive manipulanda again illuminated. In order to initiate another meal, the
baboon was required to start another 30-min appetitive phase by pulling on the appetitive
manipulanda10 times. This schedule was in effect 24 h/day beginning at 9:00 AM, with the
exception of a brief period during which the data were backed up and printed, which occurred
at 8:55 AM each morning. Baboons had several years of experience responding under these
conditions, and showed discriminative control in that they rarely pulled the appetitive
manipulanda during a consumption phase, and rarely pulled the consumption manipulanda
during an appetitive phase.

During each regular-diet meal, baboons received 1 food pellet (banana-flavored 1-g food
pellets containing 3.3 kcal/g: 0.55 g carbohydrate, 0.03 g fat, 0.2 g protein; Bio-Serv,
Frenchtown, NJ). Pellet delivery was accompanied by the illumination of all 4 stimulus lights
above the 2 levers for 8 s. The illumination of the 4 lights for 8 s also occurred upon completion
of each FR 10 during appetitive phases preceding food consumption phases. Responses made
while the stimulus lights were flashing did not count toward completion of the FR10 response
requirement, i.e., there was an 8 s timeout after each reinforcer delivery. During the candy
meal, baboons received 1 Skittle® (1-g; 4.3 kcal: 0.9 g carbohydrate, 0.04 g fat, 0 g protein;
Mars Corp., Hackettstown, NJ). Candy delivery was accompanied by the flashing (1 s on:1 s
off) of 2 white stimulus lights located above the food hopper for 8 s. The flashing of the 2 white
lights for 8 s also occurred upon completion of each FR 10 during the appetitive phase preceding
the candy consumption phase.

2.3 Procedure and drugs
Four days a week only food pellets were available and on the other 3 days each week (Monday,
Wednesday, and Friday), daily sessions began with a single candy meal. Baboons were free to
start responding for pellets or candy beginning at 9:00 AM. Completion of the first 10 responses
on the appetitive manipulanda started the appetitive phase, which lasted a minimum of 30 min
and a maximum of 40 min. After completion of the appetitive phase, baboons earned 1 pellet
or 1 piece of candy after every 10 responses, with the “meal” ending when the baboon stopped
pulling the manipulanda for 10 min. On pellet days baboons could have multiple meals during
24 h, but they had to complete a 30 min appetitive phase before each consumption phase. On
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candy days, after the end of the candy meal, the baboons then could work for pellet meals until
9:00 AM the following morning. There were no stimuli indicating if the first meal of the day
would be candy or pellets until the first stimulus presentation during the appetitive phase, i.e,
light flashes indicated a candy meal would occur after completion of the appetitive phase, and
prolonged illumination of a different set of lights indicated a pellet meal would occur after
completion of the appetitive phase.

Memantine HCl (Merz Pharmaceuticals, Frankfurt /M, Germany), Dexfenfluramine HCl
(Sigma-Aldrich Chemical Corp., St. Louis. MO, USA) and MTEP (synthetized by Merz
Pharmaceuticals) were dissolved in sterile saline. Dexfenfluramine and memantine were
administered in doses of 0.25, 0.50, 1.0, 2.0 mg/kg and MTEP was administered in doses of
0.50, 1.0, 2.0, and 4.0 mg/kg. All animals received all doses of all drugs with each dose response
assessment determined over a 6-wk period. Drugs were given intramuscularly (i.m.) in a thigh
muscle (location varying among sessions) on Monday before a candy session and Thursday
before a food pellet session of each week at 0900, with placebo injections given on Tuesday
and/or Friday of each week. The 2 smaller doses of each drug were tested before the 2 larger
doses of each drug: within each dose pair, dose was counterbalanced such that 2 females and
2 males received the smallest dose of each dose pair first, and 2 females and 2 males received
the largest dose of each dose pair first.

2.4 Data analysis
Outcome measures included: 1) total number of reinforcers earned during appetitive and
consummatory components, 2) latency to the first consummatory component, 3) number of
pellet meals started, and 4) the running rate of responding during the first appetitive and
consummatory components. Reinforcers included light presentations during appetitive phases
and the candy/pellets deliveries with associated light flashes during consumption phases.
Latency to the first candy meal was defined as the number of minutes between 9:00 AM, when
the computers were restarted for the day, and the first candy delivery. The latency to the first
pellet meal on pellet-only days was defined as the number of minutes between 9:00 AM, when
the computers were restarted for the day, and the first pellet delivery. Because the first
appetitive component was completed prior to the first consumption component, the minimal
latency was 30 min. Running rate was calculated by dividing the total number of responses
during each component by the total number of seconds during which the baboon responded;
the 10 s timeout after each reinforcer delivery and the interval after each reinforcer delivery
that elapsed before the animal started responding again was not included in the total number
of seconds. Separate analyses were conducted for: 1) candy (days when candy was available
as a first meal of the day), 2) food pellets (days when only food pellets were available), 3) food
pellets after candy (days when food meals followed candy meal), and 4) the first food pellet
meal of the session on days when only food pellets were available.

Data for each drug were summarized using analyses of variance (ANOVA) with Sex as a
between group factor and Drug (placebo vs. active; there was one placebo session for each
active dose session, i.e, baseline candy and pellet intake was used a covariate in the analyses),
and Dose (4 doses) as 2-within group factors. Data were considered significantly different at
P < 0.05, using Huynh–Feldt corrections where appropriate.

3 Results
3.1 Effect of Sex on Candy and Food Pellet Intake and Weight Gain

Although pellet intake varied across the study, males ate on average about 220 food pellets
(726 Kcal; 3,035 J) and females ate about 110 pellets (363 Kcal; 1520 J) on food pellet-only
days. Although candy intake varied across the study, males ate on average about 170 candies
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(731 Kcal; 3060 J) in the single candy meal and 120 food pellets (396 Kcal; 1658 J) during the
rest of the session, and females ate about 120 candies (516 Kcal; 2160 J) in the single candy
meal and about 80 food pellets (264 Kcal; 1105 J) during the rest of the session. Although there
were some occasional interactions between a drug dose and sex of the baboon, these
interactions were generally accounted for by the baseline differences in food pellet or candy
intake. During the six-month period of the study duration, males gained on average 4.1 Kg,
which was about 1 Kg greater than previous growth rate while females gained 1.7 Kg, which
was about the same as the previous growth rate.

3.2 Appetitive Component (Food Seeking)
Figure 2 compares the effects of medications on the latency to the candy meal (left panel) and
the latency to the first food pellet meal (right panel). The latency to the candy meal was between
50 and 80 min, and there was no effect of any of the tested medications. The latency to the first
food pellet meal was between 60 and 100 min. Both dexfenfluramine and memantine produced
dose-dependent increases in latency to the first pellet meal. There was a significant main effect
of drug and drug × dose interactions for dexfenfluramine (F1,6 = 14.9, P < 0.01; F3,18 = 6.1, P
< 0.02), and for memantine (F1,6 = 17.6, P < 0.01; F3,18 = 3.8, P < 0.05). MTEP had no effect
on the latency to the pellet meal.

None of the studied medications significantly altered the total daily number of light flashes or
the rate of responding collected during the appetitive phase, prior to any candy or food pellet
meal.

3.3 Consummatory Component (Food Taking)
Figure 3 compares the effects of medications on the number of candy deliveries earned during
a single candy meal (left panel) and food pellet deliveries earned over the entire day on days
when only food-pellets were available (right panel). All medications produced dose-dependent
decreases in the number of candies consumed during the single-candy meal. There was a
significant main effect of drug and drug × dose interactions for dexfenfluramine (F1,6 = 39.6,
P < 0.001; F3,18 = 32.6, P < 0.001), memantine (F1,6 = 34.9, P < 0.001; F3,18 = 21.3, P < 0.001)
and MTEP (F1,6 = 13.41, P <0.05; F3,18 = 5.84, P < 0.01). Both dexfenfluramine and memantine
produced dose-dependent decreases in total food pellet intake. There was a significant main
effect of drug and drug × dose interactions for dexfenfluramine (F1,6 = 44.9, P < 0.001; F3,18
= 4.8, P < 0.05) and for memantine (F1,6 = 17.6, P < 0.01; F3,18 = 3.8, P < 0.05). Similarly,
both dexfenfluramine and memantine produced dose-dependent decreases in the number of
food pellet meals consumed, i.e., baboons ate about 1 less meal after receiving dexfenfluramine
(F3,18 = 4.8, P < 0.05) or memantine (F3,18 = 3.3, P < 0.05). The increase in latency described
above would account for baboons missing what would normally have been their first meal of
the day. Pretreatment with MTEP had no effect on the food pellet consumption.

Dexfenfluramine, MTEP, and memantine slightly decreased the rate of responding during the
candy meal by about 0.5 responses/s from a baseline rate of 5.0 responses/s. This effect was
only dose-dependent for dexfenfluramine. Finally, in contrast to the candy meal, none of the
medications altered the rate of responding during pellet meals.

4 Discussion
Providing baboons with limited access to a highly palatable food (candy) in addition to a
standard diet, yielded a robust, ‘binge-like’ level of candy consumption. Administration of
dexfenfluramine, a prototypic weight-loss and anti-binge medication did not alter the
motivational or appetitive component of candy consumption (food seeking) but it did produce
dose-dependent decreases in the size of the candy meal (food taking). Administration of
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memantine, an uncompetitive NMDA receptor antagonist and MTEP, an allosteric
metabotropic mGlu5 receptor antagonist, produced effects on candy consumption that were
comparable to the effect of dexfenfluramine even though their pharmacological effects differ
from dexfenfluramine, which is primarily a serotonin releaser (Heal et al., 1998). At the highest
doses, memantine, MTEP, and dexfenfluramine reduced the size of the candy-meal to
approximately 45%, 65%, and 30% respectively of candy intake under placebo conditions. At
the same time, dexfenfluramine and memantine decreased standard food pellet seeking and
consumption while MTEP had minimal effect on the standard food pellet seeking and
consumption. Most of the differences in pharmacological effects between males and females
observed in the present study were accounted for by the baseline differences in food pellet and
candy consumption suggesting that the observed pharmacological effect is not sex-specific.

In the present study, irregular and limited access to candy resulted in a level of consumption
during a single meal that was comparable to the consumption of food pellets across an entire
day. Total amount of energy obtained from a single candy meal was greater than the total daily
amount of energy obtained from the standard diet. We suggest that the current behavioural
paradigm can be considered a model of binge-eating disorder as it mimics some of clinical
features of this disorder, i.e., an overconsumption of HP food and consumption of a large
amount of calories in a short period of time (Devlin et al., 2003). The proposed model has good
predictive validity as the clinically effective medication dexfenfluramine reduced the size of
a candy binge meal, in addition to reducing the consumption of a standard diet. The ability of
dexfenfluramine to decrease food consumption in the present model is consistent with the
eating-suppressing effect of dexfenfluramine in non-human primates (Foltin, 2001, Foltin,
2006a), healthy human volunteers (Foltin et al., 1996, Goodall et al., 1992), obese patients
(Guy-Grand et al., 1989), and individuals with binge-eating disorder (Stunkard et al., 1996).
In these clinical studies, fenfluramine appeared to increase the satiating effect of food by
decreasing meal size, which is consistent with the effect seen in the present study.

In the proposed model, pretreatment with memantine and MTEP resulted in a smaller size of
a candy ‘binge-type’ meal without affecting candy seeking behaviour. Animals continued to
work to gain access to a meal of candies, but ate fewer candies. This suggests that memantine
and MTEP may reduce the amount and the caloric intake from HP food in humans. As the
consumption of large amounts of HP food is presumed to have a disruptive effect on the
homeostatic aspects of eating behaviour, decreasing HP food consumption would be desirable
in the clinical setting and might lead to the normalization of eating. At the same time,
memantine increased the latency to the first food pellet meal, e.g., decreased motivation to eat
pellets, and decreased the size of the first pellet meal, in a manner similar to dexfenfluramine.
Interestingly, MTEP had no effect on motivation to eat or the size of the standard food pellet
meals. This might suggest that in the clinical setting, MTEP may decrease the amount of HP
food consumption without altering regular food consumption, an effect particularly relevant
to offset weight gain in overweight individuals. Additionally, if some specificity for HP foods
is provided by a pharmacological adjunct to weight management, it might be possible to reduce
energy intake and normalize disordered eating without triggering compensatory increases of
eating which would counteract the effect of medication in the long term. On the other hand,
memantine may have stronger effect on the overall food consumption, decreasing caloric intake
from all types of food, and may be more effective in producing weight loss.

The finding that systemically administered glutamatergic antagonists decreased food
consumption in non-human primates is relatively novel, though not surprising considering that
glutamate pathways are involved in regulating food-reinforced and other consummatory
behaviours (Parsons et al., 2005). Administering ionotropic glutamatergic agonists (Stanley et
al., 1993, Echo et al., 2001, Khan et al., 2004, Stanley et al., 1996), or antagonists (Burns and
Ritter, 1997, Ninan and Kulkarni, 1998, Gillespie et al., 2005) increased food intake in rodents.
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Metabotropic mGluR5 antagonists have been found to decrease food intake (Bradbury et al.,
2005, Paterson and Markou, 2005, Semenova and Markou, 2007). The seemingly contradictory
effects of glutamatergic manipulations on feeding behaviour may be dependent upon site and
type of injection, deprivation state of the animal (e.g., Zeni et al., 2000) and the receptor subtype
affected by the drug. It has to be noted however that due to significant differences in feeding
behavior between rodents and primates, studies on the mechanisms regulating eating in lower
species may not be fully applicable to primates.

We suggest that memantine and MTEP decrease food consumption by altering the reinforcing
effects of food, particularly foods with higher palatability that are, therefore, more reinforcing.
Glutamatergic antagonists may be more selective in reducing the reinforcing effect of food that
is more likely to be consumed for its hedonic rather than homeostatic properties (Saper et al.,
2002). Alternatively, glutamatergic agents might have decreased food consumption through
the disruption of memory recall (Wozniak et al., 1990), however this is less likely as in such
a case we would expect an effect on performance (rate of responding) and we would not expect
a differential effect on candy vs. pellet consumption. The effect of pharmacological
manipulations tested here on the consumption of HP foods might be analogous to the ability
of NMDA or mGluR5 receptor antagonist to decrease self-administration/consumption of other
reinforcing agents such as alcohol, cocaine, nicotine and opiates (Holter et al., 2000,
Bienkowski et al., 2001, Backstrom et al., 2004, Blokhina et al., 2005, Glick et al., 2001,
Newman and Beardsley, 2006, Paterson and Markou, 2005, Paterson et al., 2003, Tessari et
al., 2004, Kenny et al., 2005, Semenova et al., 1999, Xi and Stein, 2002). On the other hand,
ionotropic and metabotropic glutamate receptor antagonists also decrease drug-seeking
behavior (Backstrom and Hyytia, 2006) but in the present study, candy-seeking behavior was
not affected.

In the present study, pharmacological manipulations had different effects depending on the
type of food. Both dexfenfluramine and memantine reduced motivation to consume standard
food pellets (food seeking) by increasing the latency to pellet consumption without an effect
on the motivation to consume HP food. MTEP reduced consumption of HP food without
affecting seeking and consumption of standard food. It is therefore possible that consumption
of standard and HP food may have non-overlapping behavioural control mechanisms (Martel
and Fantino, 1996, Cooper and Al-Naser, 2006). Present findings suggests that
neurotransmission at the mGluR5 receptor site may be specifically involved in the mediation
of satiating effects of HP foods. Although the dopaminergic receptor system, widely believed
to be a major system regulating reinforcing effects, might be a primary candidate for regulation
of HP food intake, other receptor systems may be also involved. Similarity of behavioural
effects observed after administration of memantine and dexfenfluramine suggests that there
might be an overlap in glutamatergic and serotonergic control of feeding. Serotonin has been
noted to affect reward circuits, and motivated behaviour (Higgins and Fletcher, 2003) and plays
an important role in satiety processes (Halford and Blundell, 2000). Alternatively,
glutamatergic neurotransmission might be involved in regulating feeding mediated by
orexigenic neuropeptides since administering NMDA receptor antagonists blocked increases
in food intake produced by NPY (Lee and Stanley, 2005) and orexin (Doane et al., 2007).

Present findings suggest that memantine may have a profile of clinical effectiveness in patients
with binge-eating that is comparable to the profile of dexfenfluramine but with a more
favourable safety profile (Centers for Disease Control and Prevention, 1997), suggesting that
memantine and MTEP are good candidates for clinical testing in patients with eating disorders.
There are early uncontrolled clinical reports showing that administration of memantine
decreased appetite and suppressed binge-eating (Hermanussen and Tresguerres, 2005),
consistent with the effect in baboons observed in the present study. Future controlled clinical
studies will need to determine whether the binge-eating suppressant effect will persist with
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repeated administration, whether it will result in weight-loss in obese individuals who present
with disordered eating, and whether clinical improvement will be maintained after medication
discontinuation.

However, there is a considerable amount of data showing that patients who receive memantine
for the treatment of dementia do not experience weight-loss (McShane et al., 2006). This
apparent difference between clinical experience in patients with neurological diseases and the
hypothesized efficacy in individuals with disordered eating may be related to the dose, the
selectivity of pharmacological effect, and differences between individuals with dementia and
healthy individuals in the regulation of eating. Alternatively, memantine may not affect
“normal” eating but will be effective in reducing excessive food consumption.

In summary, the present study provides evidence that mechanisms controlling binge-type
consumption of HP food are different from those regulating consumption of the standard diet
and that modulating glutamatergic neurotransmission using NMDA or mGluR5 receptor
antagonists produces decreases in feeding behaviour in an acute treatment paradigm without
behavioural toxicity. MTEP may specifically decrease consumption of highly palatable food
without altering consumption of the standard diet. This finding suggests that these receptor
systems are an attractive target to develop effective pharmacotherapies for eating disorders.
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Figure 1.
Diagram of experimental day. One candy meal followed by multiple food pellet meals were
available on Monday, Wednesday and Friday, and only multiple food pellet meals were
available on the remaining days of the week. A meal was initiated by the completion of a 30-
min seeking interval during which every tenth response was followed by illumination of the
lights that accompanied candy or food pellet delivery. Following the 30-min interval, every
tenth response was followed by candy or food pellet delivery along with the light presentation.
The taking component ended after the animal stopped responding for 10 min. In order to have
another food pellet meal the animal had to gain complete the 30-min seeking interval. Thus
timing and size of meals were determined individually by each animal.
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Figure 2.
Latency to the first candy meal (left panel) and the first food pellet meal (right panel) as a
function of drug and dose. Error bars represent ±1 SEM. Error bars for the placebo values are
based on all 4 placebo days.
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Figure 3.
Total number of candies earned during the single candy meal of each candy session (A) and
total daily number of food pellets earned on pellet-only days (B) as a function of drug and dose.
Error bars represent ±1 SEM. Error bars for the placebo values are based on all 4 placebo days.
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