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SUMMARY. Overeating in obese individuals shares similarities with
the loss of control and compulsive drug taking behavior observed in
drug-addicted subjects. The mechanism of these behaviors is not well
understood. Our prior studies with positron emission tomography (PET)
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in drug-addicted subjects documented reductions in striatal dopamine
(DA) D2 receptors. In pathologically obese subjects, we found reductions in striatal DA D2 receptors similar to that in drug-addicted subjects. Moreover, DA D2 receptor levels were found to have an inverse
relationship to the body mass index of the obese subjects. We postulated
that decreased levels of DA D2 receptors predisposed subjects to search
for reinforcers; in the case of drug-addicted subjects for the drug and in
the case of the obese subjects for food as a means to temporarily compensate for a decreased sensitivity of DA D2 regulated reward circuits.
Understanding the mechanism in food intake will help to suggest strategies for the treatment of obesity. [Article copies available for a fee from The
Haworth Document Delivery Service: 1-800-HAWORTH. E-mail address:
<docdelivery@haworthpress.com> Website: <http://www.HaworthPress.com>]
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INTRODUCTION
Obesity is a complex disease of appetite regulation and energy metabolism that is controlled by many factors.1 It can result from several possible genetic and environmental interactions2 some of which may entail a
more direct genetic association (i.e., a genetically regulated response to
sweet food which is perceived as reinforcing)3 or alternatively an indirect
association that makes the individual genetically more susceptible to environmental stressors that will then favor food consumption.4
Among the genetic factors, there are neuromodulators (e.g., leptin),5
and multiple neurotransmitter systems involved with the reinforcing
properties of food (i.e., GABA, dopamine, opioids, serotonin). These
neurotransmitters also play an important role in feeding behavior and
satiation.6 There is a large amount of evidence to suggest that dopamine
(DA) may be one of the neurotransmitters linking the genetic and environmental factors that contribute to obesity.7 Behavioral studies on rodents indicate that DA D2 receptor antagonists can enhance meal size
and duration of feeding.8 Similarly, long-term administration of DA D2
receptor antagonists increases feeding and body weight in female rats.9
In clinical studies, patients treated with typical and atypical antipsychotic medications, which block DA D2 receptors, show significant
weight gain.10,11 Dopaminergic agonists (e.g., amphetamine, cocaine,
methylphenidate) that increase brain dopamine concentration have
anorexigenic effects.12
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Many obesity researchers focus on how the body’s fuel and fat levels
control appetite. But as binge eaters know, habits and desires often
override metabolic need, which share some of the characteristics of
drug using behavior in drug-addicted subjects. The present article discusses the role of DA in drug abuse and its involvement in the mechanism of obesity.
BRAIN DA AND ADDICTIVE BEHAVIORS
The role of DA in addiction (loss of control and compulsive drug intake) is poorly understood. A plethora of studies have reported over the
years the role of dopamine and its receptors on alcohol and drug abuse.
One example is the role of DA on cocaine addiction, which is considered to be one of the most reinforcing of the abused drugs. Animal studies
have shown that the ability of cocaine to block the dopamine transporters appears to be crucial for its reinforcing effects. In humans, the reinforcing effects of cocaine used intravenously or smoked can lead to
rapid escalation of drug intake and compulsive drug administration. Animal studies indicate that DA D2 receptor levels mediate reinforcing responses to drugs of abuse. We have shown that overexpression of DA
D2 receptors in the nucleus accumbens, which is the brain region associated with the reinforcing effects of drugs of abuse, in animals previously trained to self-administer alcohol resulted in a marked reduction
in alcohol intake that returned to baseline levels as the DA D2 receptors
decreased to their prior levels.13,14
While the studies on the effects of DA D2 receptor antagonists on the
reinforcing effects of psychostimulants in humans have not been as conclusive as those in laboratory animals, they have shown a decrease in
the subjective ratings of pleasant sensations and of the craving induced
by cocaine.15 The lower efficacy of DA D2 receptor antagonists reported in studies may reflect the fact that the doses used were lower than
those used in laboratory animals and resulted in incomplete DA D2 receptor blockade.
USE OF IN VIVO IMAGING TO STUDY DRUG ADDICTION
Positron Emission Tomography (PET) is a medical imaging technology that uses radioactive positron-emitting atoms (i.e., carbon-11 and
fluorine-18) to label and measure the concentration and movement of
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positron labeled compounds in living tissue. Positron emitter labeled
radiotracers are used to label proteins that are of physiological relevance (i.e., receptors, transporters and enzymes) in the human brain.
The measurement of DA D2 receptor using PET and [11C]raclopride
has been used to assess neuropsychiatric disorders, substance abuse and
aging (reviewed,16). Since [11C]raclopride is sensitive to endogenous
DA concentration and its binding is reproducible,17 it can also be used to
measure relative changes in DA concentration secondary to pharmacological interventions. Methylphenidate is a cocaine-like psychostimulant that increases extracellular DA by blocking DA transporters.
Methylphenidate-induced changes in [11C]raclopride striatal binding
are interpreted as reflecting changes induced by DA occupancy of D2
receptors secondary to the changes in DA synaptic concentration.17 The
measure has been used as an indication of the responsivity of the DA
system to pharmacological challenge. This strategy allowed us to evaluate the relationship between DA changes as assessed by the levels of
DA D2 receptors occupancy and subjective perception of pleasure or
euphoric “high,” which is associated with rewarding effects of the
drug.18 We found the intensity of the “high” induced by methylphenidate was significantly correlated with the levels of released DA. The
subjects who reported the most intense “high” were those who have the
greatest increases of DA release. It appears that DA and DA D2 receptors play an important role in the reinforcing response to psychostimulants.
Even though the reinforcing effects of cocaine may involve the initial
drug taking behavior, others factors might also contribute to the compulsive drug taking and the loss of control in addicts. Repeated cocaine
self-administration often continues (because of acute tolerance to the
pleasurable response) and sometimes, despite the presence of an
aversive drug reaction.19,20 Acute tolerance to cocaine can occur in recreational levels of cocaine consumption. This neurochemical response
to cocaine is primarily caused by direct pharmacological effects of the
drug rather than by the conditioning to external environmental cues.21
Chronic administration of cocaine significantly impacts the brain DA
system.22 In fact, our prior [11C]raclopride-PET studies in drug-addicted subjects (cocaine,23 methamphetamine,24 alcoholics,25 and heroin26) showed significant DA D2 receptor reductions in striatum (Figure 1). It has been hypothesized that compulsive disorders such as drug
addiction, gambling and sex reflect a “Reward Deficiency Syndrome,”27
that is speculated to be due in part to a reduction in DA D2 receptors.
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FIGURE 1. Group average images of [11C]raclopride (distribution volume ratio)
PET images for 15 methamphetamine users (9 women and 6 men, age range
21-46 years, mean 32 ± 7 years old), their control subjects (6 women and 14
men, age range 21-43 years, mean age 31 ± 7 years old), 10 obese subjects (5
women and 5 men, mean 39 ± 7 years old, age range 26-54) and their control
subjects (3 women and 7 men, age range 25-45 years, mean 37.5 ± 5.9 years
old) at the level of the striatum. The images are scaled with respect to the maximum absolute value obtained on average image of the control subjects and
presented using the gray scale where white represents the highest value and
black represents the lowest value. Methamphetamine users and obese subjects have significantly lower measures of striatal dopamine D2 receptor availability than control subjects. Modified from references 24 and 59.
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THE INVOLVEMENT OF BRAIN DA IN FOOD INTAKE
DA release seems to have a site-specific action on the regulation of
food intake. In the nucleus accumbens, DA release has been generally
associated with the reinforcing effects of food.28 In the hypothalamus,
DA release is associated with the duration of meal consumption, which
is a factor in determining feeding pattern. Hence, DA is required to initiate each meal and is associated with the quantity and duration of a
meal.29 DA acting locally within the hypothalamus acts as a potent inhibitor of feeding in the perifornical area, ventromedial hypothalamus,
and arcuate nucleus. In addition, DA is a potent inhibitor of hypothalamic neuropeptide Y (NPY, a potent stimulator of food intake) expression and activity and a stimulator of arcuate proopiomelanocortin
(POMC) expression.30,31 These hypothalamic influences may contribute to DA’s ability to reduce food consumption and hyperphagia.
Leptin, insulin, and other peripheral peptides and steroid hormones
modulate the synthesis and release of DA.32 It appears that DA is associated with both short-term (individual meals) and long-term (hunger)
regulation of food intake.33
DA regulates food intake34 via the meso-limbic circuitry of the brain
apparently by modulating appetitive motivational processes.35-37 There
are also projections from the nucleus accumbens to the hypothalamus
that directly regulate feeding.38 The dopaminergic reward pathways of
the brain are critical for survival since they help influence the fundamental drive for eating. Recent work has shown that DA systems are
necessary for wanting incentives, which is a distinct component of motivation and reinforcement.36,39 It is one of the natural reinforcing mechanisms that motivates an animal to perform and seek a given behavior.
However, unnatural rewards such as drugs of abuse (i.e., cocaine, alcohol, nicotine), also release DA.27 Furthermore, because most of the
drugs abused by humans lead to increased DA concentration in the nucleus accumbens, this has been suggested as being a common mechanism for reinforcement.19
THE DOPAMINE’S ROLE IN THE MOTIVATION
FOR FOOD INTAKE
Though the effects of DA in the nucleus accumbens are the ones traditionally implicated in motivation for food,40 a study in DA deficient
knockout mice provided clear evidence of the relevance of the dorsal
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striatum in the motivation for food consumption. Without intervention,
these DA deficient mice die because of lack of food consumption, however, treatment with DA in the dorsal striatum, but not in the nucleus
accumbens, restored feeding.41 Interestingly in these animals rescuing
DA in the nucleus accumbens restored the ability of the mice to choose
between a palatable and a non-palatable solution but did not prevent
them from dying due to inadequate caloric consumption. The latter
study points to two separate processes regulating food intake; one to
maintain the caloric requirements necessary for survival that implicates
the dorsal striatum and another one that relates to the motivation
properties of food (palatability) that implicates the nucleus accumbens.
To assess the involvement of DA in the dorsal striatum in the
non-hedonic motivation for food intake in human subjects, we evaluated changes in extracellular DA in striatum in response to food stimulation (visual, olfactory, and gustatory display of food in food deprived
subjects) after placebo and after methylphenidate.41 In this study,
methylphenidate was given as a strategy to amplify DA signals. Neither
the neutral stimuli (with or without 20 mg of oral methylphenidate) nor
the food stimuli when given with placebo increased DA or increased the
desire for food. However, the food stimuli when given with methylphenidate increased both extracellular dopamine and the desire for
food. We found that changes in extracellular dopamine in striatum in response to food stimulation were significant in dorsal but not in ventral
striatum and were significantly correlated with the increases in self-reports of hunger and desire for food. Such a relationship was not observed for the ventral striatum where the nucleus accumbens is located.
Our results showing an effect in the dorsal but not in the ventral striatum
is likely to reflect the fact that the food stimulation to the subjects was
not rewarding, i.e., in this study subjects were not permitted to consume
the food.
THE ROLE OF BRAIN DOPAMINE IN OBESITY
DA plays a role in pathological feeding behavior, since low levels of
DA may interfere with the drive and motivation to eat. Binge eating
(Bulimia Nervosa), which occurs in about 30% of obese subjects attending weight control programs, is characterized by episodes of eating
objectively large amounts of food and with feelings of loss of control.42
Obese binge eaters consume significantly more calories than obese
non-binge eaters when asked to eat as much as they wanted or simply to
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eat normally.43,44 Obese binge eaters have high relapse rates during
weight control programs and experience their disorder for long periods
of time. A high prevalence of binge eating disorder (30-80%) was reported among the morbidly obese subjects who have undergone bariatric
surgery.45-49 The eating disturbances persist (6-26%) in many of the
same patients after surgery and are correlated with weight regain.45,47,49
The obese binge eaters lose less excess body weight than obese nonbinge eaters after the surgery.49
Bulimic nervosa patients have been found to have normal DA metabolite levels. In contrast, high frequency binge eaters have reduced
cerebrospinal fluid DA levels.50 Decreased DA metabolite plasma levels have been found, but they are not associated with symptomatology
of binge eating disorder.51 To this day, it is difficult to determine
whether a trait disturbance on the dopaminergic system plays a role in
the etiology of binge eating disorder.
There is better evidence for the causal role of DA in obesity. Human
studies have shown a higher prevalence of the Taq I A allele for the DA
D2 receptors in obese subjects.52 Though not replicated by all studies,53
the Taq 1 A allele has been linked with lower levels of DA D2 receptors.54 Variants of the human obesity (ob) gene and the DA D2 receptor
gene have been examined in relationship to obesity. These two polymorphisms together account for about 20% of the variance in BMI, particularly in younger women.55 The association of the Taq 1 A allele with
reduced number of DA D2 receptor levels suggests that obese individuals with the A1 allele may use food to increase DA stimulation to a more
desirable level.56 This is consistent with the finding in binge eaters with
frequent binge episodes who are reported to have low DA metabolite
concentrations in cerebrospinal fluid.51 These results indicate that low
DA brain activity (either due to decreased DA release or to decreased
stimulation of postsynaptic DA receptors) may be associated with dysfunctional eating patterns. The DA system has also been targeted for
therapy of obesity since DA agonists have anorexigenic effects57 whereas
drugs that block DA D2 receptors increase appetite and result in weight
gain.58
USE OF PET IMAGING TECHNOLOGY TO STUDY OBESITY
Compulsive overeating in obese subjects shares many of the same
characteristics as drug addiction. Using a PET scanner with a re-designed bed to support heavy weight, we have shown a significant reduc-
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tion in DA D2 receptor availability in obese subjects (Figure 1).59 These
subjects have body mass indexes (BMI: weight in kilograms divided by
the square of height in meters) between 42 and 60 (mean 51.2 ± 4.8 kg/
m2, body weight: 274-416 lb). These subjects do not have current or
past psychiatric and/or neurological disease, hypertension, diabetes,
and medical conditions that may alter cerebral functioning. Interestingly, in the obese subjects, but not in the controls, the DA D2 receptors
were significantly associated with their BMI (Figure 2).59 It is possible
that in obese subjects, DA D2 receptors may play a greater role in regulating eating behavior than in control subjects. The results could also be
interpreted to suggest that DA D2 receptors are not involved in modulating body weight per se but rather may regulate compulsiveness in the
pathological eaters. This would imply that the role of the DA D2 receptors is not to enable obesity but if the pertinent genetic or environmental
variables that predispose to obesity are present, then it will favor a more
severe presentation. The obese subjects share in common with drug addicts the inability to refrain from using the reinforcer and its compulsive
administration. Thus DA D2 decrements are unlikely to be specific for
any one of these compulsive behavioral disorders including obesity and
may relate to vulnerability for addictive behaviors.
DRUG PREFERENCES AND COMPULSIVE OVEREATING
One of the challenging questions regarding the neurobiological
mechanism(s) underlying these disorders is why some subjects abuse
drugs while others do not. We investigated this problem in non-drug
abusing individuals in whom we measured DA D2 receptor levels and
assessed their response (pleasant or unpleasant) to a challenge dose of
the stimulant drug, methylphenidate given intravenously. We found
that subjects who reported the methylphenidate as pleasant had lower
DA D2 receptor levels.60 Those who reported methylphenidate as unpleasant had higher DA D2 receptor levels. A replicate study documented that the levels of DA D2 receptors predicted how much subjects
liked the effects of methylphenidate.61 However, vulnerability to drug
abuse could not be explained solely on the differences in DA D2 receptor availability since none of these subjects suffered from addiction
even though they have very low DA D2 receptor levels. This indicates
that while DA D2 receptors may contribute to vulnerability by themselves they are not sufficient to lead to addiction. Further work is neces-
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FIGURE 2. Linear regression between dopamine receptor availability (Bmax/
Kd) and body mass index (BMI: kg/m2) in obese and control subjects. Modified
from reference 59.
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sary to assess if DA D2 receptors also modulate the “liking” responses
to food to determine if low DA D2 levels may also be associated with a
higher vulnerability for compulsive eating behaviors.
SENSORY PROCESSING OF THE FOOD AND OBESITY
What makes obese subjects different from drug addicts? Would
obese subjects have an enhanced sensitivity in the brain regions involved with sensory processing of the food? Signals that affect food intake originate from internal sources that directly regulate food intake
(i.e., hunger, satiety) and those that regulate emotional responses (i.e.,
to stress, boredom) as well as from the environmental sources (e.g.,
food availability, food related cues, alternative reinforcers).62 Disruption in the sensitivity of the brain to these sources could lead to obesity
from excess eating. Irrespective of the source, a particularly relevant
variable in the regulation of food intake is the sensory appeal that the
food conveys to the subject. Thus, we questioned whether obese subjects
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would have an enhanced sensitivity in the brain regions involved in sensory processing of the food associated with eating. We compared brain
metabolism of obese subjects with lean control subjects using PET and
2-deoxy-2[18F]fluoro-D-glucose (FDG), an analog of glucose, which
has been served as an indicator of brain function. This method has been
used to assess cerebral dysfunction in neurological and psychiatric disorders.63 The brain metabolic images were analyzed using statistical parameter map (SPM), which showed that obese subjects had significantly
greater glucose metabolism in the vicinity of the post-central gyrus in
the left and right parietal cortex (Brodmann’s areas 1).64 This area of the
parietal cortex is where the somatosensory maps of the mouth, lips, and
tongue are located and is an area involved with taste perception (Figure
2).65 The enhanced activation of these parietal regions is consistent with
an enhanced sensitivity to food palatability (i.e., consistency, taste) in
obese subjects. The enhanced activation in somatic parietal areas for
mouth, tongue and lips in obese subjects suggests that enhanced sensitivity in regions involved in the sensory processing of food may make
food more rewarding and may be one of the variables contributing to excess food consumption in these obese individuals.
MODULATION OF SENSORY PROCESSING OF THE FOOD
IN OBESE INDIVIDUALS
Because foods with high palatability tend to have high energy content but are not satiating (fatty foods) in contrast to foods with low energy density that are more satiating but less palatable,66 enhanced
sensitivity to food palatability could lead to food over-consumption and
obesity. Palatability increases food intake through a positive-feedback
reward mechanism that involves the opioid and GABA/benzodiazepine
systems.67,68 Thus, interventions that include the use of pharmacological treatments known to decrease palatability (i.e., opioid receptor antagonist)69 in association with behavioral therapies to reduce the likeness
of food with high energy content may prove beneficial in reverting the
enhanced sensitivity of the somatosensory areas processing food palatability and reducing food intake in obese subjects.
CONCLUSION
Though obesity is the product of many interacting variables, there is
mounting evidence that the motivation and reward circuits regulated by
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DA play a role. Our PET studies show obese individuals have significantly lower DA D2 receptor levels, which is similar to findings from
PET studies in drug-addicted subjects. Lower DA D2 receptors in obese
individuals would make them less sensitivity to reward stimuli, which
in turn would make them more vulnerable to food intake as a means to
temporarily compensate for this deficit. In addition, obese individuals
show an enhanced activity of brain regions that process food palatability, which is likely to increase the rewarding properties of food and
could account for the powerful salience that food has in obese individuals. The results from these studies have implications for the treatment of
obesity since they would suggest that strategies aimed at improving DA
function might be beneficial in the treatment and prevention of obesity.
REFERENCE
1. Serdula MK, Mokdad AH, Williamson DF, et al. Prevalence of attempting
weight loss and strategies for controlling weight. JAMA 1999; 282:1353-1358.
2. Hill JO, Peters JC. Environmental contributions to the obesity epidemic. Science 1998; 280:1371-1374.
3. Smith GP, Schneider LH. Relationships between mesolimbic dopamine function and eating behavior. Ann N Y Acad Sci 1988; 537:254-261.
4. Greeno CG, Wing RR. Stress-induced eating. Psychol Bull 1994;115:444-464.
5. Bray GA, Tartaglia LA. Medicinal strategies in the treatment of obesity. Nature
2000; 404:672-677.
6. Schwartz MW, Woods SC, Porte D Jr, et al. Central nervous system control of
food intake. Nature 2000; 404:661-671.
7. Blum K, Braverman ER, Holder JM, et al. Reward deficiency syndrome: a
biogenetic model for the diagnosis and treatment of impulsive, addictive, and compulsive behaviors. J Psychoactive Drugs 2000;32 Suppl:1-112.
8. Clifton PG, Rusk IN, Cooper SJ. Effects of dopamine D1 and dopamine D2 antagonists on the free feeding and drinking patterns of rats. Behav Neurosci 1991;
105:272-281.
9. Baptista T, Parada M, Hernandez L. Long term administration of some antipsychotic drugs increases body weight and feeding in rats. Are D2 dopamine receptors
involved? Pharmacol Biochem Behav 1987;27:399-405.
10. Allison DB, Casey DE. Antipsychotic-induced weight gain: a review of the literature. J Clin Psychiatry 2001;62 Suppl 7:22-31.
11. Wetterling T. Bodyweight gain with atypical antipsychotics. A comparative review. Drug Saf 2001;24:59-73.
12. Scislowski PW, Tozzo E, Zhang Y, et al. Biochemical mechanisms responsible
for the attenuation of diabetic and obese conditions in ob/ob mice treated with
dopaminergic agonists. Int J Obes Relat Metab Disord 1999;23:425-431.

Wang et al.

51

13. Thanos PK, Volkow ND, Freimuth P, et al. Overexpression of dopamine D2 receptors reduces alcohol self-administration. J Neurochem 2001;78:1094-103.
14. Thanos PK, Taintor N, Hitzemann R, et al. The effect on ethanol drinking preference of D2 upregulation in the Nucleus Accumbens of the alcohol Preferring (P) and
Non Preferring (NP) rats. Alcohol Clin Exp Res 2001;25 Suppl:56A.
15. Berger SP, Hall S, Mickalian JD, et al. Haloperidol antagonism of cue-elicited
cocaine craving. Lancet 1996;347:504-508.
16. Farde L. The advantage of using positron emission tomography in drug research. Trends Neurosci 1996;19: 211-214.
17. Volkow ND, Wang G-J, Fowler JS, et al. Imaging endogenous dopamine competition with [11C]Raclopride in the human brain. Synapse 1994;16: 255-262.
18. Volkow ND, Wang G-J, Fowler JS, et al. Reinforcing effects of psychostimulants in humans are associated with increases in brain dopamine and occupancy
of D2 receptors. J Pharmacol Exp Ther 1999;291:409-415.
19. Fischman MW, Schuster CR, Javaid J, et al. Acute tolerance development to the
cardiovascular and subjective effects of cocaine. J Pharmacol Exp Ther 1985;235:
677-682.
20. Koob GF, Bloom FE. Cellular and molecular mechanisms of drug dependence.
Science 1988;242:715-723.
21. Bradberry CW. Acute and chronic dopamine dynamics in a nonhuman primate
model of recreational cocaine use. J Neurosci 2000;20:7109-7115.
22. Moore RJ, Vinsant SL, Nader MA, et al. Effect of cocaine self-administration
on dopamine D2 receptors in rhesus monkeys. Synapse 1998;30:88-96.
23. Volkow ND, Fowler JS, Wang G-J, et al. Decreased dopamine D2 receptor
availability is associated with reduced frontal metabolism in cocaine abusers. Synapse
1993;14:169-177.
24. Volkow ND, Chang L, Wang G-J, et al. Decreased brain dopamine D2 receptors
in methamphetamine abusers: association with metabolism in orbitofrontal cortex. Am
J Psychiatry 2001;158:2015-2021.
25. Volkow ND, Wang G-J, Fowler JS, et al. Decreases in dopamine receptors but
not in dopamine transporters in alcoholics. Alcohol Clin Exp Res 1996;20:1594-1598.
26. Wang G-J, Volkow ND, Fowler JS, et al. Dopamine D2 receptors availability in
opiate-dependent subjects before and after naloxone-precipitated withdrawal. Neuropsychopharmacology 1997;16:174-182.
27. Blum K, Cull JG, Braverman ER, et al. Reward deficiency syndrome. American
Scientist 1996;84:132-145.
28. Salamone JD, Cousins MS, Snyder BJ. Behavioral functions of nucleus accumbens
dopamine: empirical and conceptual problems with the anhedonia hypothesis. Neurosci
Biobehav Rev 1997;21:341-359.
29. Meguid MM, Fetissov SO, Varma M, et al. Hypothalamic dopamine and serotonin in the regulation of food intake. Nutrition 2000;16:843-857.
30. Tong Y, Pelletier G. Role of dopamine in the regulation of proopiomelanocortin
(POMC) mRNA levels in the arcuate nucleus and pituitary gland of the female rat as
studied by in situ hybridization. Brain Res Mol Brain Res 1992;15:27-32.
31. Gillard ER, Dang DQ, Stanley BG. Evidence that neuropeptide Y and dopamine
in the perifornical hypothalamus interact antagonistically in the control of food intake.
Brain Res 1993;628:128-136.

52

Eating Disorders, Overeating, and Pathological Attachment to Food

32. Baskin DG, Figlewicz Lattemann D, et al. Insulin and leptin: dual adiposity signals to the brain for the regulation of food intake and body weight. Brain Res
1999;848:114-123.
33. Meguid MM, Fetissov SO, Blaha V, et al. Dopamine and serotonin VMN release is related to feeding status in obese and lean Zucker rats. Neuroreport 2000;
11:2069-2072.
34. Balcioglu A, Wurtman RJ. Effects of phentermine on striatal dopamine and serotonin release in conscious rats: in vivo microdialysis study. Int J Obes Relat Metab
Disord 1998;22:325-328.
35. Martel P, Fantino M. Mesolimbic dopaminergic system activity as a function of
food reward: a microdialysis study. Pharmacol Biochem Behav 1996;53:221-226.
36. Pothos E, Creese I, Hoebel B. Restricted eating with weight loss selectively decreases extracellular dopamine in the nucleus accumbens and alters dopamine response
to amphetamine, morphine, and food intake. J Neurosci 1995;15;6640-6650.
37. Berridge KC, Robinson TE. What is the role of dopamine in reward: hedonic
impact, reward learning, or incentive salience? Brain Res Brain Res Rev 1998;28:
309-369.
38. Schwartz MW, Baskin DG, Kaiyala KJ, et al. Model for the regulation of energy
balance and adiposity by the central nervous system. Am J Clin Nutr 1999;69:584-596.
39. Szczypka MS, Kwok K, Brot MD, et al. Dopamine production in the caudate
putamen restores feeding in dopamine-deficient mice. Neuron 2001;30:819-828.
40. Bassareo V, Di Chiara G. Modulation of feeding-induced activation of mesolimbic dopamine transmission by appetitive stimuli and its relation to motivational
state. Eur J Neurosci 1999;11:4389-4397.
41. Volkow ND, Wang G-J, Fowler JS, et al. “Nonhedonic” food motivation in humans involves dopamine in the dorsal striatum and methylphenidate amplifies this effect. Synapse 2002;44:175-180.
42. Spitzer RL, Yanovski S, Wadden T, et al. Binge eating disorder: its further validation in a multisite study. Int J Eat Disord 1993;13:137-153.
43. Goldfein JA, Walsh BT, LaChaussee JL, et al. Eating behavior in binge eating
disorder. Int J Eat Disord 1993;14:427-431.
44. Yanovski SZ, Nelson JE, Dubbert BK, et al. Association of binge eating disorder and psychiatric comorbidity in obese subjects. Am J Psychiatry 1993;150:1472-1479.
45. Hsu LK, Sullivan SP, Benotti PN. Eating disturbances and outcome of gastric
bypass surgery: a pilot study. Int J Eat Disord 1997;21:385-390.
46. Kalarchian MA, Wilson GT, Brolin RE, et al. Binge eating in bariatric surgery
patients. Int J Eat Disord 1998;23:89-92.
47. Powers PS, Perez A, Boyd F, et al. Eating pathology before and after bariatric
surgery: a prospective study. Int J Eat Disord 1999;25:293-300.
48. Saunders R. Binge eating in gastric bypass patients before surgery. Obes Surg
1999;9:72-76.
49. Dymek MP, le Grange D, Neven K, et al. Quality of life and psychosocial adjustment in patients after Roux-en-Y gastric bypass: a brief report. Obes Surg 2001;
11:32-39.
50. Kaye WH, Ballenger JC, Lydiard RB, et al. CSF monoamine levels in normal-weight bulimia: evidence for abnormal noradrenergic activity. Am J Psychiatry
1990;147:225-229.

Wang et al.

53

51. Jimerson DC, Lesem MD, Kaye WH, et al. Low serotonin and dopamine metabolite concentrations in cerebrospinal fluid from bulimic patients with frequent binge
episodes. Arch Gen Psychiatry 1992;49:132-138.
52. Noble EP, Noble RE, Ritchie T, et al. D2 dopamine receptor gene and obesity.
Int J Eat Disord 1994;15:205-217.
53. Laruelle M, Gelernter J, Innis RB. D2 receptors binding potential is not affected
by Taq1 polymorphism at the D2 receptor gene. Mol Psychiatry, 1998;3:261-265.
54. Noble EP, Blum K, Ritchie T, et al. Allelic association of the D2 dopamine receptor gene with receptor-binding characteristics in alcoholism. Arch Gen Psychiatry
1991;48:648-654.
55. Comings DE, Gade R, MacMurray JP, et al. Genetic variants of the human obesity (OB) gene: association with body mass index in young women, psychiatric symptoms, and interaction with the dopamine D2 receptor (DRD2) gene. Mol Psychiatry
1996;1:325-335.
56. Noble EP, Fitch RJ, Ritchie T, et al. The D2 dopamine receptor gene: obesity,
smoking and mood. In: St. Jeor ST, ed. Obesity Assessment. Chapman and Hall; New
York; 1997;pp522-533.
57. Scislowski PW, Tozzo E, Zhang Y, et al. Biochemical mechanisms responsible
for the attenuation of diabetic and obese conditions in ob/ob mice treated with
dopaminergic agonists. Int J Obes Relat Metab Disord 1999;23:425-431.
58. Allison DB, Casey DE. Antipsychotic-induced weight gain: a review of the literature. J Clin Psychiatry 2001;62Suppl7:22-31.
59. Wang G-J, Volkow ND, Logan J, et al. Brain dopamine and obesity. Lancet
2001;357:354-357.
60. Volkow ND, Wang G-J, Fowler JS, et al. Prediction of reinforcing responses to
psychostimulants in humans by brain dopamine D2 receptor levels. Am J Psychiatry
1999;156:1440-1443.
61. Volkow ND, Wang G-J, Fowler JS, et al. Brain DA D2 receptors predict reinforcing effects of stimulants in humans: replication study. Synapse. 2002;46:79-82.
62. Patel KA, Schlundt DG. Impact of moods and social context on eating behavior.
Appetite 2001;36:111-118.
63. Volkow ND, Fowler JS. Neuropsychiatric disorders: Investigation of schizophrenia and substance abuse. Sem Nucl Med 1992;12:254-267.
64. Wang G-J, Volkow ND, Fowler JS, et al. Enhanced Metabolism in Oral Regions
of Somatosensory Cortex in Obese Individuals. NeuroReport 2002;13:1151-1155.
65. Urasaki E, Uematsu S, Gordon B, Lesser RP. Cortical tongue area studied by
chronically implanted subdural electrodes–with special reference to parietal motor and
frontal sensory responses. Brain 1994;117(Pt 1):117-132.
66. Drewnowski A. Intense sweeteners and energy density of foods: implications
for weight control. Eur J Clin Nutr 1999;53:757-763.
67. Yeomans MR. Palatability and the micro-structure of feeding in humans: the appetizer effect. Appetite 1996;27:119-133.
68. Cooper SJ. Beta-carbolines characterized as benzodiazepine receptor agonists
and inverse agonists produce bi-directional changes in palatable food consumption.
Brain Res Bull 1986;17:627-37.
69. Yeomans MR, Gray RW. Effects of naltrexone on food intake and changes in
subjective appetite during eating: evidence for opioid involvement in the appetizer effect. Physiol Behav 1997;62:15-21.

