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Chronic overeating of obesogenic diets can lead to obesity, reduced dopamine signaling, and increased
consumption of added sugars to compensate for blunted reward. However, the specific role of diet composition
yet remains unknown. To study this, Sprague-Dawley male rats were fed a high-energy diet with high fat and low
carbohydrate content (HFHE), a fat-sugar combination high-energy diet (FCHE), or standard chow for 24 weeks.
We found that both high-energy diets produced substantial body weight gain compared to chow-fed controls. To
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Diet-induced obesity investigate dopamlr}e contfol of short (2-h) intake of palatable sucrose or fructose solutions, rats were pretreated
Sucrose peripherally (IP) with equimolar doses (0-600 nmol/kg) of the dopamine D1 (SCH23390) and D2 (raclopride)
Fructose subtype-specific receptor antagonists. The results showed an overall increase in the efficacy of D1 and D2 receptor
Reward antagonists on suppression of intake in obese rats compared to lean rats, with effects differing based on diets and
SCH23390 test solutions. Specifically, SCH23390 potently reduced both sucrose and fructose intake in all groups; however,
Raclopride lower doses were more effective in HFHE rats. In contrast, raclopride was most effective at reducing fructose

intake in the obese FCHE rats. Thus, it appears that obesity due to the consumption of combinations of dietary fat
and sugar rather than extra calories from dietary fat alone may result in reduced D2 receptor signaling.
Furthermore, such deficits seem to preferentially affect the control of fructose intake. These findings demonstrate
for the first time a plausible interaction between diet composition and dopamine control of carbohydrate intake
in diet-induced obese rats. It also provides additional evidence that sucrose and fructose intake is regulated

differentially by the dopamine system.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Decades of research by Hoebel and his trainees have provided
essential information on the role of the brain's dopaminergic system
in the regulation of feeding, thus developing the concept of “food
reward” [1-4]. Remarkably, Bart Hoebel's early experiments estab-
lished midbrain dopamine as a key factor in chronic overeating and
resultant obesity [5-8] long before direct evidence was made
available from imaging studies [9,10].

The notion that food exerts control over eating, and in turn, that
sustained or intermittent access to highly palatable meals (i.e. those
high in sugars and fats) could cause lasting changes within feeding
regulatory systems has long been central to Hoebel's theory on the
development of binge-type behaviors. Early in his career, he also applied
elements of this reasoning to obesity. In a 1977 review, Hoebel
remarked that there may be “different kinds of obesities that require
different treatments” [11]. Since then, a plethora of research on obesity
has indeed identified various genetic, metabolic, and environmental
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factors that may explain the variation in the development, conse-
quences, and treatment of obesity [ 12-15]. However, our understanding
of the specific contributions of macronutrients to altered food reward
functions is far from complete. The present paper summarizes data from
a study that was inspired by Bart's research and intended to reduce this
gap in our knowledge.

Within the multifaceted etiology of obesity, diet remains a key factor
in obesity development. Obesogenic diets are diets high in caloric value,
often palatable foods that lead to obesity after extended exposure [16].
However, the macronutrient composition of obesogenic diets can differ
and this variation could impact neural systems altered in obesity, such as
dopamine. Indeed, feeding rats an obesogenic diet has been shown to
reduce dopamine levels in the accumbens, as well as shift the reactivity
of the mesocorticolimbic system such that a more palatable diet is
required to achieve similar food-induced increases in extracellular
dopamine as seen in chow-fed controls [17]. One potential mechanism
is an adaptive down-regulation due to augmented and chronic
stimulation by palatable foods [18]. In fact, studies from our laboratory
have shown that even orosensory stimulation by either sucrose or fat is
sufficient to increase dopamine release in the rat nucleus accumbens
[19,20]. Of particular relevance, fat and sugars appear to affect reward
systems differently, as it is inferred from the greater potency of sugars to
produce addictive-like behaviors [21]. Other recent investigations have
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shown differential effects on the neuroendocrine system and later
susceptibility to weight gain based on the ratio of fat and carbohydrates
in obesogenic diets [22,23]. In addition, increased attention has been
devoted to potential particularities in the regulatory responses to a high-
fructose corn syrup diet and the purported consequences of the
apparent ease with which it can cause obesity and derangement of
food regulation. Specifically, recent studies by Avena and Hoebel
demonstrated that rats with access to high-fructose corn syrup
(HFCS) for 12 h every day for 8 weeks gained significantly more body
weight than animals given equal access to 10% sucrose, even though
they consumed the same number of total calories, but fewer calories
from HFCS than sucrose [24]. The rising incidence of obesity and
potential for the discovery of novel treatments demands investigation of
how the intake of common high-energy and palatable foods, such as
sucrose and fructose, is controlled under dietary obesity conditions.

Therefore the current study investigated dopamine regulation of
sucrose and fructose intake in rats that became obese as a result of
extended maintenance on two standard high-energy diets widely used
to produce dietary obesity in rats, varying in fat and carbohydrate
content. Specifically, we evaluated the effects of the two major classes of
dopamine receptors using peripheral (intraperitoneal; i.p.) administra-
tion of the dopamine D1 receptor (D1R) antagonist SCH23390 or the
dopamine D2 receptor (D2R) antagonist raclopride in lean and dietary
obese rats on a short (2-h) intake of sucrose or fructose. These common
carbohydrates are prevalent within human diets, are readily consumed
by rats and have positive reinforcing properties [25-28]. Sucrose intake
has previously been shown to stimulate dopamine release within the
nucleus accumbens [3,19,29] and peripheral administration of both
SCH23390 and raclopride reduces sucrose sham-feeding [30]. Although
there is heightened interest by the science community, as well as the
public media, similar effects of dopamine antagonists on fructose intake
have only been investigated in the context of acquisition and expression
of conditioned preferences, and these studies were also limited to lean
rats [31-33]. Despite the potential implications, effects of dopamine
receptor antagonists on carbohydrate intake in various obesity models
and in the absence of homeostatic drive (i.e. following periods of food
restriction) have not been investigated. Therefore, rats in the current
study were kept sated to avoid confounding effects from hunger and
energy deficit.

2. Methods
2.1. Animals and diets

Twenty-eight adult male Sprague-Dawley rats (Charles River,
Wilmington, MA) weighing approximately 250 g at the onset of the
study were housed in individual cages in a temperature-controlled
vivarium and maintained on a 12:12 light-dark cycle, with lights on at
0700.

Animals were given ad libitum access to one of the following three
diets: standard laboratory chow (Teklad #2018, 3.4 kcal/g, 18 kcal% fat,
58 kcal% carbohydrates, 24 kcal% protein; Teklad Diets, Somerville, NJ)
or one of two high-energy diets (Research Diets, New Brunswick, NJ),
one diet in which the primary energy source was fat (high fat-high-
energy, HFHE diet; Research Diets #D12492: 5.24 kcal/g, 60 kcal% fat,
20 kcal% carbohydrates, 20 kcal% protein) or a high-energy diet
consisting of both fat and carbohydrates (fat-sugar combination high-
energy, FCHE diet; Research Diets #D12266B; 4.41 kcal/g, 32 kcal% fat,
51 kcal% carbohydrates, 17 kcal% protein). At the beginning of the study,
groups were weight matched to form statistically equal cohorts based
on body weight and were then maintained on their respective diets for
24 weeks prior to and throughout the behavioral experiments. Starting
at 18 weeks and throughout the experiment, body weight and food
intake were measured daily. Animals were tested in a sated state with
no periods of food restriction throughout the experiment.

2.2. Body composition

In addition to significant increase in body weight, to demonstrate
the presence of obesity (defined as a significantly higher percentage of
body fat relative to chow-fed controls) 1 H-NMR body composition
analysis (Bruker LF90 proton-NMR Minispec; Brucker Optics, Wood-
lands, TX) was performed after 12 weeks of maintenance on the diets.

2.3. Dopamine antagonists, test solutions, and testing procedure

The dopamine D1R antagonist SCH23390 (HFHE: n =6; FCHE: n=5;
Chow: n=4) and the dopamine D2 receptor antagonist raclopride
(HFHE: n=5; FCHE: n=6; Chow: n=4) were used. SCH23390 and
raclopride (Tocris Biosciences, Ellisville, MO) were dissolved in sterile
saline and administered intraperitoneally 10 min prior to 2-h access to
0.3 M sucrose or 0.4 M fructose. These concentrations were chosen as
they are highly palatable to rats and have therefore been commonly
used in previous studies [3,19,32,34]. Sucrose and fructose (Fisher-
Scientific, Fair Lawn, NJ) were dissolved in filtered tap water no more
than 24 h prior to testing.

Animals were trained to drink test solutions during daily sessions
where 2-h access (beginning at 1000 h) to sucrose or fructose was
provided for 8 days prior to testing to achieve stable baseline intakes,
i.e. familiarity with the orosensory and postingestive effects. Training
and testing took place in the animals' home colony room, with 100 ml
plastic bottles temporarily attached to the front of the home cage so
that spouts extended into the cage. Administration of vehicle (saline)
or dopamine antagonists began after 24 weeks of maintenance on the
diets, at which point both obesogenic diet groups (HFHE and FCHE)
had significantly higher body weights than chow controls (Fig. 1). A
minimum of 48 h was given between injection days to allow drugs to
completely metabolize. No changes to body weight or 24 -hour food
intake occurred following treatment with the dopamine antagonists.

2.4. Statistical analysis

Body weight and 'H-NMR data were analyzed using a one-way
independent samples analysis of variance (ANOVA) with diet as the
independent variable.

Intake was measured as ml consumed and presented as mean +SEM.
Baseline intake (following vehicle, i.e. saline injection) was tested for
differences between the diet groups in a three way ANOVA with diet,
drug, and carbohydrate as the independent variables. There were no
significant effects of Diet (F(24s)=0.3533, p=0.704), Drug (F1.4s)=
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Fig. 1. Body weight during the period prior to and throughout pharmacological testing
(gray bar). Rats maintained on HFHE or FCHE diets had significantly higher body weight
than Chow rats at all times points. There was no difference in body weight between
HFHE and FCHE groups at any time point. * p<0.001 compared to Chow.
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0.1482, p=0.701), nor were there significant interaction effects
(DietxDrug: F;4s)=0.4144, p=0.66; Dietx Carbohydrate: F;4s)=
0.2759, p=0.76; Drugx Carbohydrate: F4g)=0.0062, p=0.73;
Diet x Drug x Carbohydrate: F,4sy=0.3108, p=0.73). However, a
significant effect of Carbohydrate (F(;4s)=28.8974, p<0.01) was
observed (Table 1). Therefore, for all subsequent analyses intake was
expressed as a percent reduction from baseline (intake following dose X
[ml]/intake following O pg/kg [ml]) and analyzed using repeated
measures ANOVA with Diet (HFHE, FCHE, or Chow) and Drug
(raclopride or SCH23390) as independent variables and dose (0, 50,
200, 400 or 600 nmol/kg SCH23390 or raclopride) as the repeated
measure. The inhibitory dose (IDsg) required to reduce intake to 50% of
baseline (0 nmol/kg) was calculated as previously described [35].
Differences in IDsy were compared as a function of Diet and Drug
using two-way ANOVA. All analyses were conducted using Statistica
(v6.0, StatSoft® Inc., Tulsa, OK) and significant findings were further
analyzed using Fischer's least significant difference (LSD) post-hoc tests.
Differences were considered statistically significant if p<0.05.

3. Results
3.1. Effects of diet on body weight and adiposity

After 12 weeks on the obesogenic diets, the groups differed in body
weight (F227)=27.25, p<0.001), percent fat mass (F27)=14.96,
p<0.001), and percent lean mass (F27)=15.77, p<0.001). The post
hoc tests showed that Chow rats weighed significantly less than both
HFHE (p<0.001) and FCHE (p<0.001) rats. Comparison of body
composition showed that HFHE and FCHE rats had a greater percentage
of fat mass compared to Chow (p<0.05). At 18 weeks, at the beginning
of testing (24 weeks), and throughout the testing period, there
remained a significant effect of diet on body weight (Fig. 1; week 18:
F227)=13.05, p<0.001; week 24: F,,7)=16.96, p<0.001; week 26:
F227)=13.99, p<0.001; week 28: F,57)=13.05, p<0.001). Post hoc
analysis revealed that HFHE and FCHE rats had significantly higher body
weights than Chow controls (Fig. 1; p<0.001, all time points). There
were no statistical differences in body weight between the two obese
groups at any time point.

3.2. Effects of dopamine DI1R and D2R antagonism on sucrose intake

Sucrose intake was reduced by SCH23390 in all groups (Fig. 2A).
Raclopride reduced sucrose intake in HFHE rats, but was much less
effective in Chow and FCHE rats (Fig. 2B). The repeated measures
ANOVA showed an overall effect of Drug (F;24)=2.9799, p<0.05).
Whereas the overall effect of Diet was not significant (F; 24)=2.5787,

Table 1

Intake of sucrose and fructose in 2 - h tests. Absolute intake values (in ml) of sucrose and
fructose intake by diet groups following vehicle (0 nmol/kg) injections. No differences
were observed in baseline intake between diet or drug groups. Baseline sucrose intake
was significantly greater than baseline fructose intake (p<0.01). Therefore, for all
further analyses of drug effects, changes were normalized and expressed as a percent
change relative to vehicle baseline intakes.

Carbohydrate Drug Diet group Mean intake 4+ SEM (ml)
Sucrose SCH23390 HFHE 20.33+3.54
FCHE 21.20+2.85
Chow 21.00 +2.65
Raclopride HFHE 21.00+2.35
FCHE 21.00+4.14
Chow 22.25+2.02
Fructose SCH23390 HFHE 15.67 +2.14
FCHE 17.2+2.85
Chow 12.5+42.02
Raclopride HFHE 12.8+2.83
FCHE 17.67+4.38
Chow 17.50+2.36
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Fig. 2. Changes in sucrose intake following dopamine receptor antagonists. All data
depicted as a reduction from baseline intake referring to vehicle injection (set at 1.0 or
100% on y-axis). A. Sucrose intake was significantly reduced by SCH23390 in all groups,
with the most potent reduction occurring in HFHE rats. B. Raclopride reduced sucrose
intake in HFHE rats at all doses tested and reduced intake by FCHE rats only at the
highest tested dose. None of the doses significantly reduced sucrose intake in Chow
rats. * p<0.05; **p<0.01; *** p<0.001 compared to vehicle.

p=0.09), post hoc comparisons did show significant differences of
raclopride treatment between HFHE and Chow groups (p<0.05) and
between HFHE and FCHE groups (p<0.05).

Post hoc analysis revealed that SCH23390 was significantly more
effective at reducing sucrose intake overall compared to raclopride
(p<0.01). SCH23390 suppressed sucrose intake in HFHE rats at all
doses tested and suppressed intake in FCHE and Chow rats at
200 nmol and higher doses (Fig. 2A). Sucrose intake was suppressed
in HFHE rats by all doses of raclopride, but only the highest dose
reduced sucrose intake significantly in FCHE rats, while none of the
doses suppressed sucrose intake by Chow rats (Fig. 2B).

Analysis of the IDsq (Table 2) revealed no effect of Diet (F224)
=0.576, p=0.57) or Drug (F(124)=2.988, p=0.09), despite apparent
differences in the IDsq for raclopride. This lack of an effect could be due to
the substantial variance within groups.

3.3. Effects of dopamine D1R and D2R antagonism on fructose intake
SCH23390 reduced fructose intake in all groups (Fig. 3A). Raclo-

pride, on the other hand, only reduced intake significantly in the FCHE
group (Fig. 3B). The repeated measures ANOVA revealed an overall
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Table 2

Effectiveness of dopamine receptor antagonists expressed as by ID50. The ID50
represents the dose at which intake would be reduce to 50% of baseline (vehicle). No
differences were observed between groups for SCH23390. In contrast, raclopride was
more effective at reducing fructose intake in HFHE and FCHE rats compared to lean
Chow controls.

Diet effect on IDso (nmol/kg)

HFHE FCHE Chow
SCH 23390 (DIR)  Sucrose 384458 427 + 160 325489
Fructose 175+ 164 365 + 54 307 +47
Raclopride (D2R) Sucrose 6784233 2114+1345 1436+ 715
Fructose 608+ 115" 516+99" 1677 £ 1007

* p<0.05 compared to Chow.

effect of Drug (F(124)=5.7400, p<0.05), Dose (Fg96)=33.9351,
p<0.001) and a significant Dose by Drug interaction (Fi496)=3.0296,
p<0.05) but no effect of Diet (F324)=1.5205 p=0.24). Again,
however, post hoc analyses showed a significant difference of
raclopride treatment between HFHE and FCHE groups (p<0.05).
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Fig. 3. Changes in fructose intake following administration of dopamine receptor
antagonists. All data depicted as a reduction from baseline intake referring to vehicle
injection (set at 1.0 or 100% on y-axis). A. Fructose intake was significantly reduced by
SCH23390. B. Raclopride reduced fructose intake in FCHE rats, but failed to reduce intake in
HFHE or Chow rats at any dose. * p<0.05; **p<0.01; *** p<0.001 compared to vehicle.

Post hoc analysis revealed that SCH23390 was overall more effective
at suppressing fructose intake than raclopride (p<0.05), and did so in a
dose-dependent manner (Fig. 3). SCH23390 reduced intake in all diet
groups at 400 and 600 nmol and reduced fructose intake as early as the
200 nmol dose in HFHE rats (Fig. 3A). Raclopride effects on fructose
intake, however, were limited to FCHE rats with post hoc analysis
revealing significant reductions in fructose consumption in FCHE rats at
200 nmol and higher doses, with none of the raclopride doses
suppressing fructose intake in HFHE or Chow rats (Fig. 3B).

ANOVA on the IDsq (Table 2) revealed an effect of Drug (F(1,24)=
4.548, p<0.05) but not Diet (F24y=1.495, p=0.25). SCH23390
required lower doses overall than raclopride to reduce intake to half
of baseline (p<0.05). In line with the analysis on actual doses, post hoc
analysis of IDsg also revealed significantly increased sensitivity in both
obese groups compared to Chow rats (p<0.05).

4. Discussion

The present study compared sensitivity to dopamine receptor
blockade in reducing intake of two palatable carbohydrate solutions,
sucrose or fructose, in two dietary obese animal models. We used two
diets to mimic the chronic consumption of either a diet predominantly
high in fat (HFHE), or a fat-sugar combination diet (FCHE), as occurs in
the Western diet [25]. As expected, both diets produced substantial
weight gain and adiposity beginning at 12 weeks, with a continued
increase in body weight throughout the experiment (Fig. 1). The groups
were then compared to age-matched chow-fed controls in their relative
sensitivity to D1R and D2R subtype-specific blockade with SCH23390 or
raclopride, respectively. We found that blockade of the D1Rs reduced
both sucrose and fructose intake in all diet groups. Regardless of
whether rats were consuming sucrose or fructose solutions, HFHE rats
responded to slightly lower doses of SCH23390 compared to their obese
FCHE or lean Chow counterparts (Figs. 2A, 3A). This apparent increase in
sensitivity to dopamine D1R antagonism by HFHE rats was also
observed following D2R blockade during the sucrose test. Indeed,
HFHE rats responded to all raclopride doses with reductions in sucrose
intake, while FCHE rats only responded to the highest dose, and Chow
rats showed no significant suppression of sucrose consumption
following raclopride treatments (Fig. 3B). Interestingly however,
HFHE rats did not reduce fructose intake following raclopride treatment.
Instead, raclopride significantly suppressed fructose intake only in FCHE
rats. An increased sensitivity to the dopamine receptor antagonists is
indicative of reduced dopamine signaling, i.e. due to fewer receptors, a
reduced competition from endogenous DA at the receptor sites, or a
combination of both. In fact there is evidence that either mechanism
may be applicable to our model. For example, exposure to high fat diets
even before birth may result in decreased D2Rs [36]. Furthermore,
eating high fat food has shown to decrease natural or electrically evoked
dopamine release, and attenuate dopamine turnover [37-39]. Whereas
the underlying mechanism warrants further investigations, our data
together with these and other previous observations support the notion
that eating certain foods - potentially independent of obesity — may
result in changes within the dopamine system reminiscent of
neuroplasticity to drug of abuse [40]. In fact, recent research suggests
that high fat diets increases sensitization to drugs acting on dopamine
systems [41,42].

Previous investigations in lean rats have shown differential efficacy
of DIR and D2R blockade to reduce carbohydrate intake using
concentrations consistent with those used in the present study [31-
33,43]. These effects are believed to be partially mediated by areas of the
brain involved in food reward, and D2Rs in these areas may be especially
susceptible to changes caused by obesity [31,33,44-46]. The present
study expanded upon the findings of dopamine receptor modulation of
carbohydrate intake in lean rats and compliments those studies
showing lasting plasticity in the reward system in obesity. Whereas
complexity of the systems and factors that may influence such interplay
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(acute control of intake by a chronically altered system) evidently
increases individual variances and hence diminished interaction effects
in the overall ANOVAs, the direct (post hoc) comparisons of dose-
response effects did reveal differential sensitivity to isomolar doses of
antagonists between the diet groups. Changes affecting the D2Rs
specifically appeared to be dependent upon the content of carbohy-
drates also present in the high fat diets, indicating the macronutrient
content of the diets could differentially alter the reward system.

The differential effects of sensitivity to raclopride in the sucrose test
could be due to the presence of sucrose in the diets. Although both
obesogenic diets contained some sucrose, the FCHE diet contained 23%
more sucrose than the HFHE diet. Thus the lack of a response to raclopride
when a sucrose solution was presented as the test stimulus to FCHE rats,
but not HFHE rats, could have been due to the enhanced exposure to
sucrose in the HFHE diet. However, neither obesogenic diet contained
fructose, yet differences were observed in the responses of the obesogenic
diet groups to raclopride in the fructose test as well. Furthermore, no
sucrose was present in the Chow diet, yet responses by the Chow group to
raclopride in the sucrose test were more akin to the responses made by
FCHE than HFHE rats. This indicates that other factors than dietary
adaptation may be underlying the differential responses to raclopride
treatment as a function of diet and test carbohydrate.

Alternative explanations may include differential neural and
hormonal postingestive effects exerted by fructose and sucrose.
Whereas the exact mechanisms remain obscure, there is increasing
evidence supporting this notion [47,48]. In this context, the possibility
that the two diets altered sucrose and fructose preferences differently as
a result of their differential effects on oral and gastrointestinal signals
upstream to the reward system cannot be excluded and warrants
further investigation.

Obesity and palatable foods have independently been implied to
alter dopamine signaling [3,45,49,50], and therefore could also account
for the differential responding observed in the present study. Indeed,
our data support previous findings showing that dopamine D2R
signaling is reduced in obesity [45,50]. However, the novel finding of
the present study was that the nature of this relationship may be
dependent on the macronutrient content of the obesogenic diets rather
than the presence of obesity. An additional major finding was the
differences seen in the efficacy of D2R antagonists between test
carbohydrates. We noted a trend in our data that fructose intake
appeared to be more tightly controlled by D2Rs than sucrose intake,
leading one to question how the intake of various carbohydrates may be
differentially regulated, and if reward elicited by different carbohydrates
may recruit varying mechanisms. Previous data has indicated that
sucrose and fructose intake produce dissimilar physiological responses.
Sucrose has been shown to produce conditioned effects based on both
its taste and post-ingestive properties [28,51,52] while fructose appears
to exert behaviorally relevant stimulation exclusively by its taste and
not by reinforcing post-ingestive effects [27,53]. Therefore, responsive-
ness of reward circuitries to fructose may remain intact even when
feedback elicited by sucrose becomes compromised due to impairments
secondary to obesity (e.g. reduced insulin/leptin sensitivity). The
opposite may also be true: a counter-regulatory response to curb
sucrose intake may fail to check fructose intake. Future studies in
humans are needed to investigate whether preferences for foods rich in
fructose would actually increase with obesity, and if relative sucrose and
fructose preferences are different in obese patients who are also
diabetic.

While effects of sucrose on dopamine have been extensively
investigated [3,19,43,50], less is known of the interaction between
fructose and the dopamine reward system, although early reports from
the Hoebel lab indicate that fructose may produce its own unique
physiological responses [24]. The present study adds a further piece of
information to this complex puzzle suggesting that diets of different
macronutrient content may differentially alter dopamine control of
fructose intake. Further investigation is required to fully understand the

underlying mechanisms by which dietary fat and sugar may influence
gut-brain signaling and elicit changes within the brain.

5. Conclusions

This study demonstrates that obesogenic (high-energy) diets
varying in fat and carbohydrate content, rather than obesity itself,
may differentially increase sensitivity to D1 and D2 receptor antagonists
in reducing carbohydrate intake. This finding is compatible with the
general notion that dopamine signaling in dietary obesity is blunted, and
suggests a novel relationship between diets and central dopamine
effects. An additional major finding was that the diets differentially
altered the potency of dopamine receptor antagonists in suppressing
sucrose and fructose intake. Compared to normal (low fat) or high fat,
high carbohydrate diets, obesity produced by a very high fat but low
sugar diet resulted in increased sensitivity to both D1 and D2 receptor
antagonism in reducing sucrose intake, but D2 receptor control of
fructose intake was preserved. In contrast, rats fed a high-energy diet
with a combination of high dietary fat and carbohydrate demonstrated
enhanced D2 receptor regulation of fructose intake. Thus, it appears that
dietary history may alter the development of dopamine deficits
previously attributed to obesity in general. The present data also
suggest that these particularities of dopamine plasticity may influence
how certain carbohydrates, such as fructose and sucrose, exert their
rewarding effects. Such differences could explain some of the variation
in the success rates of different anti-obesity treatments and therapies.
Further studies are required to test the applicability of these findings to
humans and investigate underlying mechanisms.
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