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Abstract
Recent studies indicate that decreased central dopamine is associated with diet-induced obesity in
humans and in animal models. In the current study, we assessed the hypothesis that diet-induced
obesity reduces mesolimbic dopamine function. Specifically, we compared dopamine turnover in
this region between rats fed a high-fat diet and those consuming a standard low-fat diet. We also
assessed behavioral consequences of diet-induced obesity by testing the response of these animals
in a conditioned place paradigm using amphetamine as a reinforcer and in an operant conditioning
paradigm using sucrose reinforcement. Results demonstrate that animals consuming a high-fat diet,
independent of the development of obesity, exhibit decreased dopamine turnover in the mesolimbic
system, reduced preference for an amphetamine cue, and attenuated operant responding for sucrose.
We also observed that diet induced obesity with a high fat diet attenuated mesolimbic dopamine
turnover in the nucleus accumbens. These data are consistent with recent hypotheses that the
hormonal signals derived from adipose tissue regulate the activity of central nervous system
structures involved in reward and motivation, which may have implications for the treatment of
obesity and/or addiction.
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Introduction
Obesity and its co-morbidities have reached epidemic proportions (Flegal et. al 2002).
Consumption of high-calorie foods is proposed as a major factor contributing to the wide-
spread development of obesity (Clinical Guidelines NIH 1998). Importantly, food intake is
driven not only by energy demands, termed “homeostatic” feeding, but also by the hedonic
gratification associated with eating a preferred food, referred to as “non-homeostatic” feeding
(Berthoud H 2004). The hedonic value of food is derived from its reinforcing properties and
is integral to factors that drive increased food intake, including palatability, experience, and
social setting. The degree of adiposity may also influence the reinforcing properties, as obese
individuals displaying a stronger preference for diets high in fat and carbohydrates, compared
to non-obese individuals (Drewnowski A, & Holden-Wiltse J 1992, Drewnowski A et. al
1992).

Previous research finds several links between the hedonic value of food and dopamine levels,
although the specific underlying mechanisms are not well understood. Increases in mesolimbic
dopamine increase the drive to engage in non-homeostatic feeding (Pecina S et. al 2003), and
decreased mesolimbic dopamine has been associated with obesity (Wang GJ et. al 2001). The
evaluation of palatability is regulated, in part, by dopamine transmission from the ventral
tegmental area to the nucleus accumbens (Berridge KC & Robinson TE 2003). Genetic
alterations leading to reduced central dopamine levels are associated with increased
consumption (Shinohara M et. al 2004) and craving (Sobik L et. al 2005) of high-fat, high-
carbohydrate foods.

The mesolimbic dopamine system is known for its involvement in the reinforcing properties
of natural rewards such as food (Gamabarna et. al 2003, Salamone et. al 1990, Kelley and
Stinus, 1985) and sex behavior (Wenkstern et al. 1992, Damsma et al. 1992) as well as
pathological behaviors associated with recreationally abused drugs (Cadoni & DiChiaria
1999, Pontieri et. al 1995). Importantly, the mutual activation of this system by ingestive
behavior and drug exposure suggests that a common neural mechanism may underlie the
reinforcing value of both food and drugs. Relevant to this, recent human studies suggest that
obese individuals have a decreased propensity to engage in the use of recreational drugs and
a decreased frequency of substance abuse disorders (Warren M et. al 2005, Simon G et. al
2006), consistent with the hypothesis that obesity is capable of altering the brain’s processing
of rewarding stimuli in general.

Here, we demonstrate that chronic consumption of a high-fat diet decreases aspects of
amphetamine reward and food motivation in addition to altering dopamine metabolism in the
mesolimbic system. Specifically, we observe that rats maintained on a high-fat diet,
independent of any change of body weight gain, are relatively insensitive to amphetamine
reward and also fail to acquire lever-press responding for sucrose pellets. We further find that
that both a high-fat diet and diet-induced obesity alter dopamine neurochemistry in the nucleus
accumbens, suggesting a potential neurochemical mechanism for these novel behavioral
findings.

Methods
Animals

Male Long-Evans rats (Harlan, IN) weighing 200-250 g were housed individually in a vivarium
with a 12:12 light/dark schedule. Room temperature was maintained at 25° C. All animals had
ad libitum access to one of two rodent diets: pelleted standard chow (SC) (Teklad, 3.41 kcal/
gm, 0.51 kcal/gm from fat) or pelleted high-fat chow (HF) (Research Diets, New Brunswick,
NJ, 4.41 kcal/gm, 1.71 kcal/gm from fat).
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Apparatus
All conditioning and testing procedures were conducted in four identical conditioning
chambers constructed of aluminum end walls and clear Plexiglas sides and measuring 21.6 ×
21.6 × 27.9 cm. A grid of 0.48-cm diameter stainless steel bars, spaced 1.9 cm apart, served
as the floor of each chamber. A food cup was located on one end wall of each chamber inside
a 5 × 5-cm recessed opening. Two levers were located approximately 3 cm to the left and right
of the food cup and level with the top of the opening. Only the right lever was active during
this experiment. All experimental events were controlled and recorded by computers located
in an adjoining room running ABET software (Lafayette Instruments; Lafayette, IN).

Procedures
Experiment 1 (HF/Sucrose Operant Responding)—Two groups of rats were
maintained on either SC or HF diet (n=8/group) for 12 weeks prior to the start of any behavioral
experiment. A control group was pair-fed (PF) the high-fat diet in amounts that limited body
weight gain to match that of the SC animals. The daily ration of HF diet was fed to the PF
group in the middle of the light phase each day and each rat was given twenty four hours before
being re-fed. With the exception of two animals, each rat ate their entire daily food ration within
the twenty four hour period. Each group of rats SC, HF and PF were maintained on this feeding
regimen for the entirety of the study and throughout each behavioral test employed. However,
to ensure responding and to maintain body weight consistency across all sessions, prior to
beginning operant conditioning, animals were given a modest food restriction (reduced to 85%
of their adlib body weights over approximately 7 days) and were maintained at this weight
throughout all operant training and testing only. The reinforcer was a single 45-mg sucrose
pellet (TestDiet, Richmond, IN). Operant training was carried out over 8 consecutive days with
one 1-hr trial per day. During the first two days of training, a fixed ratio (FR) 1 autoshaping
procedure was employed, in which each lever press earned a single reinforcer. In addition,
whenever 600 sec elapsed with no reinforcer delivery, a “free” sucrose pellet was dispensed
into the food cup. This procedure was used to facilitate the acquisition of responding for the
reinforcer prior to exposure to schedules with a higher work requirement. All animals were
then trained for 2 days using an FR1 schedule with no autoshaping component, followed by 2
days of FR2 training, then 2 days of FR3 training. At the conclusion of the 8-day operant
training regimen, animals were given a single trial to lever press for sucrose under a progressive
ratio (PR) 2 schedule of reinforcement (lever press requirement for each subsequent reinforcer
increased by 2, with an initial requirement of 1 lever press). The breakpoint for each animal
was defined as the final completed requirement that preceded a 20-min period without earning
a reinforcer.

Experiment 1.2 (DR/DIO Animals/Sucrose Reward): To rule out any potential contributions
of negative contrast between HF diet and sucrose during operant conditioning responding and
to determine if obesity alone may alter the motivation to obtain a food reward, we conducted
another operant experiment in rats maintained on standard rodent chow. This experiment
utilized an outbred strain of Sprague Dawley rats that are genetically predisposed towards
becoming obese on a high-fat diet (Levin et al 1997). Both diet resistant (DR) and diet induced
obese (DIO) animals (n=8/group) were maintained on chow for 6 weeks prior to the start of
the experiment. After the 6 weeks of ad libitum access to food and water animals were restricted
to 85% of their daily intake for two days prior to the beginning of operant conditioning. Operant
training was carried out over eight consecutive days as described for Experiment 1.

Experiment 2 (Amphetamine-Induced Locomotion)—At the conclusion of operant
testing, rats used in experiment 1 were given subcutaneous injections of amphetamine to
determine if there were any pre-existing differences in the efficacy of amphetamine prior to
the place preference conditioning procedure. Each animal had a home cage fitted with a

Davis et al. Page 3

Behav Neurosci. Author manuscript; available in PMC 2009 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



locomotor activity monitoring unit (Lafayette Instruments, Lafayette, IN). On the first test day,
each animal was administered either 1.0 mg/kg D-amphetamine or an equivalent volume of
isotonic saline (i.p.) at the midpoint of the light phase of the light/dark cycle. Two days later,
each animal received the opposite injection, with the order of injections counterbalanced within
and across diet conditions. Total activity for each animal was measured beginning 60 min prior
to injection and continuing until 90 min subsequent to injection.

Experiment 2.1 (Amphetamine-Induced Conditioned Place Preference): The conditioned
place preference apparatus had three chambers separated by guillotine doors. One side chamber
had white walls and a grid floor, and the other side chamber was black with stainless steel rods
as flooring. The center chamber was grey with plexiglass flooring (Med Associates, St. Albans,
VT). Rats used in this experiment were the same animals used in experiment 2. On the baseline
day, all animals were placed into the center chamber with free access to all chambers for 15
min to allow each animal to habituate to the conditioning chamber. The next day, Conditioning
Day 1, animals were given either a 1.0 mg/kg i.p. dose of D-amphetamine or isotonic saline.
After 10 min, the animals were placed into one side of the chamber and restricted to that side
for thirty min. On the subsequent day, Conditioning Day 2, animals that were given
amphetamine on Day 1 received saline injections and animals given saline on Day 1 received
amphetamine, and all animals were placed into the opposite side chamber from Day 1. The
treatment (amphetamine or saline) and side of chamber (black or white) were counterbalanced
across animals to eliminate any potential bias during the conditioning procedure. This cycle
was repeated for 12 consecutive days, totaling 6 amphetamine/chamber pairings and 6 saline/
chamber pairings. On the test day (1 day after the conclusion of training), animals were placed
in the center chamber and allowed free access to all chambers for 5 min. During the baseline
and test days, each animal’s behavior was videotaped from overhead, and a computerized
tracking system (TopScan, Clever Sys, Inc., Reston, VA) was used to determine time spent in
each chamber. Data are presented as preference scores, which are calculated as time in the
amphetamine-paired chamber / (time in amphetamine-paired chamber + time in non-paired
chamber).

Experiment 3 (Dopamine Neurochemistry)—The nucleus accumbens (NAcc) and
orbito-frontal cortex (OFC) was collected from each group of animals (SC, HF, and PF) under
basal conditions at the conclusion of all behavioral experiments. Bilateral micropunches for
each animal were dissected using a 26-gauge needle attached to a 1-ml syringe containing
isotonic saline. Although substantial care was taken to minimize contamination by neighboring
brain regions, due to the nature and size of each micro punch our method did not allow us to
distinguish subregions (i.e. core vs. shell) within the NAcc. For high-performance liquid
chromatography (HPLC) analysis, an antioxidant solution (0.4 N perchlorate, 1.343 mM
ethylenediaminetetraacetic acid (EDTA) and 0.526 mM sodium metabisulfite) was added to
the samples followed by homogenization using an ultrasonic tissue homogenizer (Biologics,
Gainesville, VA). A small portion of the tissue homogenate was dissolved in 2% sodium
dodecyl sulfate (SDS) (w/v) for protein determination (Pierce BCA Protein Reagent Kit,
Rockford, IL). The remaining suspension was spun at 14,000g for 20 min in a refrigerated
centrifuge. The supernatant was reserved for HPLC. Samples were separated on a Microsorb
MV C-18 column (5 Am, 4.6_250 mm, Varian, Walnut Creek, CA) and simultaneously
examined for DA, 3,4-dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA),
both of which are markers of dopamine degradation, 5-HT and 5-HIAA. Compounds were
detected using a 12-channel coulometric array detector (CoulArray 5200, ESA, Chelmsford,
MA) attached to a Waters 2695 Solvent Delivery System (Waters, Milford, MA) under the
following conditions: flow rate of 1 ml/min; detection potentials of 50, 175, 350, 400 and 525
mV, and; scrubbing potential of 650 mV. The mobile phase consisted of a 10% methanol
solution in distilled H2O containing 21 g/l (0.1 M) citric acid, 10.65g/l (0.075 M) Na2HPO4,
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176 mg/l (0.8 M) heptanesulfonic acid and 36 mg/l (0.097 mM) EDTA at a pH of 4.1. Unknown
samples were quantified against a 6-point standard curve with a minimum R2 of 0.97. Quality
control samples were interspersed with each run to ensure HPLC calibration.

Statistical analysis
Data were analyzed using STATISTICA version 6.0 for PC’s. Amphetamine activity and
conditioned place preference scores were analyzed using analysis of variance (ANOVA). LSD
post-hoc comparisons were used to assess the source of significant main effects. Significant
differences in breaking points were assessed by Fishers Planned Comparison.

Results
Diet-induced obesity attenuates operant responding for sucrose pellets

Next, we tested the effects of diet induced obesity and exposure to dietary fat on operant
responding for sucrose reward. Animals maintained on high-fat under ad libitum feeding
conditions prior to training displayed significantly fewer lever presses for sucrose pellets under
all schedules of reinforcement [Fs(1,21) > 5.00, p < .05] compared to animals maintained on
standard chow (Fig 1 A). When tested using a progressive ratio (PR2) schedule of
reinforcement, animals maintained on the HF diet exhibited decreased breakpoints relative to
animals maintained on the SC diet [t(14) = 3.28, p<0.05]. Similar to the group given ad lib
access to HF, PF animals exhibited decreased levels of lever-press responding throughout all
schedules of reinforcement [ts(14) > 2.85, p < .05]. These data suggest that high-fat diets are
capable of attenuating the reward of sucrose even without the development of obesity.

Obesity alone attenuates operant responding for sucrose pellets
Because it is possible that rats maintained on HF diet respond less for sucrose because they
find sucrose pellets less rewarding in comparison to the HF maintenance diet, we ran another
operant experiment in rats maintained on standard rodent chow. DIO animals maintained on a
standard chow diet were significantly heavier (DIO=376.28 ± 5.22; DR=284.09 ± 5.67g)
displayed significantly fewer lever presses under all FR schedules of reinforcement relative to
DR animals, and when tested under the PR schedule of reinforcement, DIO animals exhibited
significantly lower breakpoints than their DR counterparts (p < 0.05, Figure 2). A possible
interpretation of these data is that obesity by itself is capable of attenuating operant responding
independent of diet.

Exposure to dietary fat attenuates amphetamine conditioned place preference
Rats maintained on a HF diet for twelve weeks were significantly (ps < .05) heavier in
comparison to animals maintained on SC diet or the PF control group (HF = 455.18 +/- 13.40
g; SC = 395.34 +/- 7.94 g; PF = 378.45 +/- 9.09 g). Importantly, however, animals maintained
on HFD or standard chow did not differ significantly in baseline locomotor activity [F(1,14)
= 0.26, p > 0.05] and a 1.0 mg/kg dose of amphetamine significantly increased locomotor
activity in both groups compared to saline injection (Fig. 3A) (main effect of Drug [F(1,14) =
91.47, p < 0.01]; main effect of Time [F(8,112) = 42.40, p < 0.01]; Drug x Time interaction [F
(8,112) = 10.38, p < 0.01]). There was no effect of diet on the level of amphetamine-induced
locomotion [largest F = 1.26, p = 0.27], which we interpreted as evidence that amphetamine
is equally efficacious in both lean and obese animals. Thus, any difference in the capacity of
amphetamine to support reward-related learning cannot be accounted for by general
physiological actions of amphetamine between these groups.

Next, we measured the effect of HF consumption and diet-induced obesity on the acquisition
of an amphetamine based conditioned place preference (CPP). Figure 3B indicates that animals

Davis et al. Page 5

Behav Neurosci. Author manuscript; available in PMC 2009 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



in the SC group increased their preference for the compartment in which they received
amphetamine, while animals consuming HF did not appear to alter their preference based on
experience with amphetamine. An ANOVA using preference for the amphetamine-paired
compartment as the dependent variable confirms this observation, yielding a significant
interaction between diet condition and pre-training vs. post-training [F(2,21) = 7.10, p<0.01].
One-way repeated measures analysis of each diet condition yielded a significant training effect
for the animals consuming standard chow [F(1,7) = 8.25, p<0.05], but not for the ad lib high-
fat [F(1,7) = 1.23, p<0.3] or pair-fed high-fat [F(1,7) = 3.12, p< 0.1] groups.

Exposure to dietary fat and obesity decrease DA transmission in the NAcc
Mesolimbic dopamine flux is associated with the ability of animals to respond to cues that
predict the delivery of a variety of different types of reward including ingestive (food or liquid),
drug, and sex related rewards (Shultz W 1997, 2007). A large body of evidence supports a role
for mesolimbic dopamine signaling in food reward paradigms (Bassareo V & Di Chiara G
1999, Sotak B et. al 2005), therefore, we sought to determine if a high-fat diet was capable of
altering mesolimbic dopamine metabolism. ANOVA revealed a main effect of group on NAcc
dopamine turnover [F(1, 18) = 4.163; p<0.05]. Animals given ad libitum access to the HF diet
displayed decreased dopamine turnover in the NAcc relative to SC control animals (p<0.05),
as did animals exposed to HF diet without becoming obese (p<0.05, Fig. 4A). There were no
differences in dopamine concentration in the NAcc between any of the groups tested.
Additionally, there were no differences (ps > .05) in dopamine concentration or turnover in
the orbitofrontal cortex (OFC) between any of the three groups (Fig. 4B), nor did we observe
differences in catecholamine metabolites (DA, 5HT, HVA) in either brain region, suggesting
a specific effect of a high-fat diet on dopamine neurochemistry that is restricted to the
mesolimbic system.

Discussion
It has been well documented that caloric status regulates reward-related behavior. In particular,
food deprivation has been reported to increase drug-reinforced behavior in self-administration
models, as well as the cellular activating effects of psychostimulant drugs including cocaine
and amphetamine (Carr K & Kutchukhidze N 2000, Carrol M & Meish R 1984). Because it is
unclear if weight gain or specific dietary components that lead to obesity might also be capable
of eliciting functional changes within the mesolimbic system, we tested the ability of two
independent caloric regimens to attenuate reward-related behavior, 1) consumption of a high
fat diet, without consequent obesity (PF group) and 2) dietary-induced hyperphagia, leading
to obesity (HF group). These studies examined the consequences of a high-fat diet and diet-
induced obesity on the behavioral responses to two types of rewarding stimuli, as well as its
effect on mesolimbic dopamine metabolism. Findings suggest that both consumption of a diet
high in fat and obesity resulting from a high-fat diet attenuate amphetamine-induced
conditioned place preference, operant responding for sucrose, and decreased dopamine
turnover in the mesolimbic system.

Diet-induced obesity and operant responding for sucrose
We report that consumption of a HF diet is capable of attenuating responding to obtain sucrose
pellets. Rats maintained on HF diet exhibit attenuated responding for sucrose pellets under a
variety of reinforcement schedules, even though they are food deprived at the time of training.
These effects of diet-induced obesity on responding are consistent with previous reports using
a “supermarket” diet to induce obesity (Sclafani A & Springer D 1976). Importantly, the
decreased operant responding reported here was present in obese animals as well as animals
fed the HF diet without becoming obese. It is possible that the effects of HF diet exposure and/
or obesity could be accounted for by a contrast effect. That is, the reinforcing efficacy of the
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sucrose pellets is reduced due to being negatively compared with the HF diet available in the
home cage, whereas the pellets compared favorably with the SC diet. To address this issue, in
a separate experiment rats maintained on standard rodent chow were tested for their ability to
acquire operant responding for sucrose. In this experiment, DIO rats were also significantly
heavier than the DR control rats at the time of operant testing. Subsequently, DIO rats displayed
fewer operant responses for sucrose under every reinforcement schedule tested compared to
DR control rats. Although exposure to HF diet without the development of obesity is sufficient
to attenuate operant responding, these data support the notion that obesity alone produces
similar effects. Collectively these data suggest that both exposure to HF diet and obesity are
capable of attenuating the motivation to obtain sucrose reward, an effect independent from
negative contrast between maintenance diet and sucrose.

Diet-induced obesity and amphetamine-induced CPP
In addition to the effects on operant responding, we report that consumption of dietary fat and
obesity attenuates the rewarding properties of psychostimulants. In the initial set of
experiments designed to test locomotor activating effects of amphetamine, all animals
displayed similar locomotor responses to amphetamine, regardless of their diet condition.
However, only chow-fed animals formed a conditioned place preference to amphetamine.
Animals consuming the HF diet failed to show any difference between an amphetamine-paired
and a saline-paired context. These results are consistent with recent reports in which exposure
to a high-fat diet attenuates cocaine self-administration in rats (Wellman PJ et. al 2007) and
suggest that the rewarding properties of psychostimulants are significantly altered by high-fat
diet consumption. Further, the results of the Wellman et al study and the findings from the
present study suggest that consumption of high-fat diet is a critical factor that alters the
rewarding aspects of psychostimulants and that this effect occurs independent of body weight
gain.

Dietary fat attenuates mesolimbic dopamine turnover
In the present study, both PF and ad libitum HF groups displayed decreased dopamine turnover
in the nucleus accumbens (NAcc). Previous studies in animals suggest that central dopamine
agonists may normalize body weight in a genetic model of obesity (Bina KG, & Cincotta AH
2000). Furthermore, genetic studies reveal that polymorphisms linked to decreased central
dopamine are also associated with increased craving for palatable foods (Sobik L et. al 2005).
Additionally, previous work links mesolimbic dopamine flux and, more specifically, changes
in NAcc dopamine, with feeding and ingestion of palatable foods. In particular, consumption
of a 0.3M sucrose solution leads to substantial increases in NAcc dopamine flux, and predicted
delivery of sucrose produces increases in NAcc dopamine turnover suggesting that both acute
and repeated exposure to palatable foods can alter NAcc dopamine neurochemistry (Hajnal A
& Norgen R 2001, 2002). Our data suggest that chronic consumption of a calorically dense
diet is capable of modulating this process. Specifically, these data support the contention that
altered mesolimbic dopamine metabolism is a consequence of high levels of dietary fat.
Dopamine increases upon initial exposure to the HF diet, and dopamine signaling through the
D2 and D3 receptor subtypes is necessary for the positive contrast hyperphagia associated with
ingestion of the HF diet itself (Roitman et. al 2001, Davis et. al 2006). Therefore, it is possible
that chronic exposure to palatable foods, and/or the hyperphagia in response to this exposure,
leads to decreases in dopamine turnover in response to repeated release of dopamine within
the NAcc. . In fact, cues associated with a preferred saccharin solution alone are capable of
evoking dopamine release in the NAcc (Grigson P & Hajnal A 2007) suggesting that
anticipation of palatable meals is capable of activating the mesolimbic system. Additionally,
when given simultaneous access to a “preferred food” like saccharin and to an abused drug,
animals display impaired acquisition and expression of drug self administration behavior
(Campbell et. al. 1998, Carroll 1995) suggesting that reinforcing strength of palatable foods

Davis et al. Page 7

Behav Neurosci. Author manuscript; available in PMC 2009 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



prior to changes in caloric status is capable of altering the motivation to engage in drug self
administration.

It is also possible that the effects reported here on both reward-related behavior and dopamine
turnover are caused by increased levels of the metabolic hormone leptin. Previous data
demonstrate that icv leptin attenuates operant responding and place preferences for sucrose
pellets (Figlewicz et. al 2004, 2006) and that leptin may directly target the VTA to regulate
preference for palatable foods as well as the integration of behavioral responses to
psychostimulant drugs (Hommel et. al 2006; Fulton et. al 2006). Diet-induced obesity and the
consumption of dietary fats increase circulating plasma leptin levels. Thus it is possible that
leptin, either through a reduction in dopamine turnover or by altering mesolimbic function in
some other way, could be a plausible mechanism contributing to our present results.

Conclusions
Overall, the data presented here are consistent with the hypothesis that diets high in fat attenuate
rewarding aspects of multiple types of stimuli, including palatable foods and psychostimulants.
An important point raised by these data is that chronic consumption of a diet high in saturated
fats, even without the development of obesity, is capable of attenuating dopamine turnover
within mesolimbic areas associated with reward-related behaviors. Changes in mesolimbic
circuitry are hypothesized to contribute to the onset of addictive behavior (Nestler E 2005) and
non-homeostatic feeding behavior has recently begun to be studied in the context of addiction
(Corwin R & Hajnal A 2005). In that regard, therapeutic interventions aimed at treating obesity
through blockade of neural signals which regulate reward (dopamine, cannabinoids) are
beginning to emerge (Goldfield GS et. al 2007, Van Gaal LF et. al 2005). The results presented
here support the notion of a critical interaction between diet and the physiological processes
that regulate reward and reward-related behaviors, including non-homeostatic feeding.
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Figure 1.
A) Acquisition of operant responding for sucrose pellets in rats maintained on chow, HFD or
pair-fed HFD. B) Progressive ratio responding for sucrose pellets in rats maintained on chow,
HFD or pair-fed HFD. * = p<0.05
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Figure 2.
Progressive ratio responding for sucrose in DR and DIO animals in Experiment 1.2 *=p < 0.05.
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Figure 3.
A) Mean number of activity counts over 90 minutes in rats maintained on chow or HFD after
an acute 1.0 mg/kg dose of D-amphetamine or saline. B) Conditioned place preference score
(time in amphetamine-paired compartment/total time spent in amphetamine- and saline-paired
compartments) after 6 conditioning sessions with D-amphetamine in male rats fed chow, HFD
or pair-fed HFD * = p<0.05.
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Figure 4.
Dopamine turnover (the ratio of the dopamine metabolite DOPAC to DA) in A) Nucleus
accumbens (NAcc) and B) Orbitofrontal cortex (OFC) * = p<0.05
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