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Abstract Cannabinoid system is a crucial mechanism in
regulating food intake and energy metabolism. It is
involved in central and peripheral mechanisms regulating
such behavior, interacting with many other signaling
systems with a role in metabolic regulation. Cannabinoid
agonists promote food intake, and soon a cannabinoid
antagonist, rimonabant, will be marketed for the treatment
of obesity. It not only causes weight loss, but also alleviates
metabolic syndrome. We present a review of current
knowledge on this subject, along with data from our own
research: genetic studies on this system in eating disorders
and obesity and studies locating cannabinoid receptors in
areas related to food intake. Such studies suggest cannabi-
noid hyperactivity in obesity, and this excessive activity
may have prognostic implications.
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Introduction

The first evidence of the use of cannabis for medical
purposes was found in China in the year 4000 BC. From this
country, the plant spread through India and Southeast Asia,
reaching the Greek and Roman civilization. In India,
cannabis plant was used for its appetite-stimulating prop-
erties [1]. During the Middle Ages, the Arabs (Al-Badri,
1251 AD) recommended its use because of this effect. In
1842, O’Shaughnessy, an Irish surgeon returning from
India, introduced cannabis in Britain as a medicinal remedy.
He promoted the use of the so-called cannabis tincture for
several diseases, describing its effects on appetite. [2]. In a
paper published in The Lancet in 1889, Birch reported on
the effects of cannabis on opiate dependence, and he
mentioned the increase in appetite. In 1942, an editorial of
the JAMA recognized the treatment of anorexia as a
possible therapeutic application of cannabis [1].

Cannabis users describe persistent hunger, even if
previously satiated. They often feel a craving for candies
[3]. However, it seems a transient effect because no weight
difference has been described between regular cannabis
users and nonusers. Moreover, there is no increase in
prevalence of cannabis use among overweight people.

The description of the endocannabinoid system (ECS)
has prompted a surge of interest in this matter, and there are
numerous animal research studies that establish the rele-
vance of ECS to appetite regulation. However, it is too
early to judge its clinical and therapeutic implications.

Anandamide (AEA) and other N-acylethanolamides,
ligands of ECS, are found in chocolate and other foods. It
has been proposed that these substances could mediate the
reinforcing properties of some foods, although their
concentration may be too low to have central effects on
ECS [4].

Basic Neuroanatomy of Feeding Regulation

The dual hypothalamic hypothesis was introduced in the
1940s and 1950s based on research with animals that
caused them localized brain lesions. It was valid until
recently. According to this model, there would be a satiety
center (ventromedial hypothalamic nucleus, VMH) and a
hunger center (lateral hypothalamic nucleus, LHN) [5].
Nowadays, it is accepted that this regulation is more
complex, involving other neural centers of similar rele-
vance. In other words, a hierarchical structure has been
replaced by neural centers of similar level, distributed
throughout the brainstem, limbic system, and hypothala-
mus. Several hypothalamic structures should be mentioned:
arcuate nucleus (ARC), VMH, LHN, paraventricular
nucleus (PVN), dorsomedial nucleus (DMH); along with

other nuclei such as nucleus accumbens (NAc), which is
part of brain rewarding circuitry, nucleus tractus solitarius
(NTS), and pontine parabrachial nucleus. Various structures
of cerebral cortex, mainly frontal cortex, are also involved.
Hypothalamic structures receive fairly complex input on the
individual’s metabolic status, such as visceroceptive infor-
mation through the vagus nerve, information on energy
stores levels, catabolic situations such as infections,
immediate metabolic status through blood glucose levels,
and sensory input. These centers process this information
and send their output mainly through three pathways:
endocrine system (pituitary gland), autonomic nervous
system (sympathetic nervous system), and motor expres-
sion (promoting or inhibiting food intake) [6, 7].

ARC is a critical region. Located near the median
eminence, where blood-brain barrier (BBB) is more
permeable, it receives direct information from the blood-
stream (for instance, the glycemic level). This nucleus
receives information on energy stores through hormones
such as leptin and insulin, which reflect adipose tissue
stores. Ghrelin, through its receptors (GHS-R), conveys
information about the gut. There are two main groups of
neurons within this nucleus, and they release several
neuropeptides relevant to regulation of eating behavior.
One of these populations, which when activated leads to a
decrease in food intake, expresses pro-opiomelanocortin
(POMC) and cocaine- and amphetamine-regulated tran-
script (CART). The POMC precursor peptide is cleaved
into melanocyte-stimulating hormones, ACTH and (-
endorphin. Of these, o- and 3-MSH reduce body weight
and food intake by acting on melanocortin receptor
subtypes 3 and 4 (MC3 and MC4) that are particularly
abundant in the ARC, LH, DMH, and PVN. In contrast,
cells in which an increased activity leads to orexigenic
response contain neuropeptide Y (NPY) and the agouti-
related protein (AgRP). NPY is high in concentration in the
ARC. A distinguishing feature of ARC NPY neurons is that
they also contain AgRP, a natural antagonist of MC3 and
MC4 receptors, which reduces the anorectic effect of
«-MSH. Both POMC and NPY neurons in the ARC
express leptin and ghrelin receptors. Leptin increases the
activity of POMC cells and inhibits that of NPY cells,
whereas ghrelin does the opposite. Efferent pathways
connect this nucleus with other hypothalamic nuclei: with
VMH, in which brain-derived neurotrophic factor (BDNF),
an anorexigenic peptide, prevails; DMH, the site of cells
expressing NPY; lateral nucleus (LHN), in which orexi-
genic peptides such as melanin concentrating hormone
(MCH) and orexins are expressed; and finally, with the
PVN [8, 9].

VMH inhibits feeding, the lesions to this region resulted
in development of obesity, and it is one of a few key
regions in the hypothalamus where the long-form leptin
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receptors are highly expressed; therefore, it is the region
that mediates leptin’s effect on homeostasis. VMH contains
MC4, NPY Y1, Y2, and Y5 receptors. A remarkable
feature of VMH is that it highly expresses the BDNF.
BDNF is a regulatory component controlled by leptin
signaling; but anorectic effects of BDNF are not directly
mediated by the melanocortin system [8, 9]. The LHN was
identified as the hunger center. Two sets of neurons that
contain either orexin or MCH, both potent stimulators of
food, have been identified. Both types of neurons have a
wide projection field to key cortical, limbic, and basal
forebrain areas [9, 10]. DMH receives inputs from cells in
the ARC and from brainstem centers. DMH has extensive
connections with other hypothalamic nuclei. Lesions
restricted to DMH typically result in hypophagia [8, 9].
PVN integrates signals of different brain regions and
triggers endocrine responses through corticotropin-releasing
hormone (CRH) and thyrotropin-releasing hormone, and
autonomic responses [8, 9].

Hypothalamic nuclei have connections with NAc;
through this link, the systems that regulate eating behavior
interact with the brain reward systems. In turn, both centers
receive input and send output to the NTS of the brainstem.
This nucleus gathers important information that comes from
the periphery through the vagus nerve and from the blood
by means of its closeness to the area postrema, a location of
increased permeability of the BBB [8].

Mesencephalic dopamine system has been implicated in
the rewarding aspects of food. Hypothalamic peptides
modulate the activity of dopaminergic neurons that target
the NAc [6, 9].

Corticolimbic pathways are capable of integrating
sensory inputs to produce cognitive representations that
are stored and used for decision making. The insular cortex
acts as a primary taste cortex where taste, appearance,
smell, and texture are represented to establish which food is
being ingested. Orbitofrontal cortex acts as a higher-order
taste cortex, which determines how pleasant a particular
food is [7].

Apart from central regulation, a complex mechanism of
peripheral signals regulates food intake and metabolism
both in the short- and in the long-term. Insulin and leptin,
already mentioned, deserve emphasis because they convey
information on fat stores and gut through two pathways,
humoral and nervous. Leptin is a peptide secreted from
adipose tissue. Restriction of food intake results in
suppression of leptin levels. Production of leptin correlates
positively with adipose tissue mass. Circulating leptin
levels thus reflect both energy stores and food intake. Like
leptin, levels of plasma insulin vary directly with changes
in adiposity. Ghrelin is released by the stomach and the
intestine in the fasting state and transmits humoral
information to the nucleus ARC and through the vagus

nerve. It is the first described gastrointestinal hormone that
stimulates food intake. Increased ghrelin levels have been
found in situations of anticipated eating and in diet
treatments; it is suspected that such high levels could be
responsible for rebound weight gain after low calorie diets
[8, 11].

Cholecystokinin (CCK), released by the stomach, is one
of the earliest short-term satiety signals. CCK exerts its
effect via binding to CCK-A and CCK-B receptors. CCK-A
receptors are found throughout the brain, including areas
such as the NTS, and peripherally, in the pancreas, on vagal
afferent, and enteric neurons. CCK-B receptors are also
widely distributed in the brain. They are present in the
afferent vagus nerve and within the stomach. CCK-A
receptor subtype mediates the effect of the endogenous
agonist on appetite [7, 8]. Peptide YY (PYY) also has
satiating properties, being released by the ileum and colon.
PYY acts as an important feedback signal from the gut to
the hypothalamus. PYY is specifically stimulated by the
presence of lipids and carbohydrates in ileum and colon [7].

Vagus nerve transmits information on physical (gastric
distention) and chemical signals (CCK) to the vagus nuclei.
Vagal afferents are broadly sensitive to gastrointestinal
signals, including gastroduodenal distension, and to the
presence of chemically distinct nutrients and to peptides
produced by endocrine cells in the gut wall, such as CCK [7].

Adipose tissue was considered an inert organ for a long
time, but now it is emerging as one important endocrine
organ of the body, responsible for the secretion of many
hormones. Apart from leptin, the significance of adiponec-
tin is becoming clear: Secretion of this substance depends
on fat store status and has a fundamental role in promoting
lipolysis. The plasma concentration of adiponectin is
inversely correlated with adiposity, and it is increased after
food restriction. Plasma adiponectin levels correlate nega-
tively with insulin resistance, and administration of adipo-
nectin can reduce body weight gain, increase insulin
sensitivity, and decrease lipid levels [8].

To give an idea of the complexity of this matter we can
point out that, in 1999, at least 13 peptides with peripheral
effects on food-intake regulation had been described, along
with at least 26 peptides showing central effects [12]. Novel
peptides are still being characterized; thus, obestatin has
recently been described. It is encoded by the ghrelin gene,
but has opposite effects and acts on a different receptor
[13]. Moreover, classic neurotransmitters, such as dopa-
mine, GABA and serotonin modulate this complex signal-
ing system [14].

We increasingly have data which indicate that ECS plays
a fundamental role in regulating food intake and energy
metabolism. To review this role, we will focus on three
aspects: animal research, human studies, and description of
central and peripheral mechanisms.
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Cannabinoid Agonists Increase Appetite and Weight
in Experimental Animals

A series of investigations has focused on the role of ECS in
regulating appetite, weight, and energy balance in animals.
It supports an orexigenic effect of cannabinoid agonists and
an anorexigenic one of the antagonists. The use of different
experimental models has yielded some conflicting results.
In some cases, animals were deprived of food from 1 to
24 h before the experimental substance administration. In
other cases, they were satiated before the administration of
the substance, whereas in some other, they were not
(hyperphagic animal model in the latter case). In the same
way, there could be simultaneous water deprivation or not.
Other authors have used models of experimental animals
that had free access to food, with high-carbohydrate, high-
fat, or standard diets. On the other hand, animal models of
obesity provide interesting data, both with diet-induced
obesity (DIO) and with genetically manipulated animals
(ob/ob or db/db mice leptin gene-deficient or leptin
receptor-deficient mice, Zucker’s obese rats, etc.). Other
authorities use newborn animals to measure the influence of
ECS on weight gain. Finally, CB1 receptor knockout (KO)
animals are very useful. Administration routes have been
diverse: whether systemic or intracerebral.

Early studies with cannabinoid agonists described a
hypophagic effect, but it has been ascribed to the predomi-
nantly sedating effect of high doses. More recent experiments
confirm the orexigenic effect of agonists, even in satiated
animals, and this effect is mediated by CBI1 receptors. The
most widely used cannabinoid agonists are A’-tetrahydrocan-
nabinol (THC) and an endogenous agonist such as AEA;
they increase food intake in different experimental models
[15-20]. Other agonists like 2-arachidonoyl-glycerol (2-AG)
[21] and noladin ether [22] have a similar effect. It has
recently been described that AS-THC, a substance with less
psychoactive effects than A°-THC, may have a stronger
orexigenic effect [23].

Orexigenic effect is noticed when this substance is
administered in centers related to food intake regulation. It
has been delivered to VMH [24], which has a higher
density of CBI1 receptor than other hypothalamic nuclei;
NAc [21]; or the fourth ventricle, close in location to
parabrachial nucleus [25].

Centrally and Peripherally Administered Cannabinoid
Antagonists Reduce Food Intake and Weight in Animals

The administration of cannabinoid antagonist, such as
rimonabant, at a dose of 1-10 mg/kg for 14-35 days, to
animals with an unrestricted access to food decreases their
food intake [26-28]. Starved animals show the same effect

[29, 30]. Other centrally administered cannabinoid antago-
nists have identical results [31]. Weight loss amounts to
approximately 20% of baseline weight [32].

Whether the anorexigenic effect predominates on some type
of food is controversial. In a series of experiments, a preferential
effect on intake of palatable food has been observed [28, 33,
34]. Other experiments indicate that antagonists reduce intake
of carbohydrate-rich, fat-rich, and standard diets, both in food-
deprived and non deprived animals [27, 30, 35-37].

Tolerance to Anorexigenic Effects of Cannabinoid
Antagonists but Not to Metabolic Effects. Possibility
of Appetite Rebound after Withdrawal

In animal experiments with cannabinoid antagonists,
mainly rimonabant, tolerance to its anorexigenic effect
was seen after 4-5 days of administration, although weight
loss persisted throughout the experiment [26, 38—40].
Tolerance developed more rapidly in lean than in obese
animals [40]. However, this tolerance has not been noticed
when animals received a palatable diet for 21 days [41].
Persistent weight loss supports a metabolic role of
cannabinoid antagonists, unrelated to their anorexigenic
effects. After discontinuing of treatment, obese animals
experienced rebound weight gain [40].

Endocannabinoid Levels Vary Depending on Food
Intake Status

Endogenous cannabinoids seem part of the signaling
system promoting the start of food intake. An animal
experiment shows that starved animals have increased
2-AG hypothalamic and 2-AG and AEA limbic levels.
After feeding, hypothalamic 2-AG levels drop. However,
no such change has been detected in satiated animals or in
brain centers unrelated to food intake. 2-AG Administration
in NAc induces food intake [21].

Effect of Cannabinoid Antagonists in Animal Models
of Obesity

Experiments with obese animals, both genetically manipu-
lated and DIO, suggest hyperactivity of cannabinoid system
in obesity. Cannabinoid antagonists are more effective in
reducing food intake in obese than in lean animals [40] and
diminish weight and adipose tissue [42]. Food intake
reduction is prolonged, even with a single dose [36, 43],
and it is useful in the long-term because it keeps its effect
after a repeated antagonist administration [44]. Again, these
animal models showed tolerance to anorexigenic effects but
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maintained weight loss. Moreover, antagonist treatment
elicits favorable metabolic changes, reducing leptin, insulin,
free fatty acids, and cholesterol levels, and improving
insulin resistance [39, 44]. Beneficial effect on weight is
noticed in pair-feeding animals and is greater in the fasting
state [39]. We would like to emphasize the clinical
implications of this latter finding because rimonabant effect
on weight would be enhanced in association with low
calorie diet, possibly because ECS hyperactivity in the
fasting state would increase rimonabant efficacy.

Animals Lacking CB1 Receptor Gene Are Leaner
and More Resistant to Obesity

Experiments with CBI1 receptor gene KO animals, i.e.,
lacking this receptor, confirm its prominent role in
regulation of feeding and in the pathophysiology of obesity.
These animals are leaner than controls (wild-type), have
less adipose tissue despite the same food energy intake,
have lower levels of plasma leptin and insulin, and show
less insulin resistance. A most interesting feature is that
they do not develop DIO, which indicates that CBI1
receptor is crucial in this kind of obesity [45].

Studies in Humans: Marihuana Consumption Increases
Appetite

It has been well-known for decades that cannabis con-
sumption triggers voracious appetite, especially for sweet
food. Tart [46] described that marihuana intoxication
caused appreciation of new qualities in food. Hollister
[47] noticed that oral administration of THC to 12 satiated
and fasting volunteers increased food intake in 7 of them.
Abel [48] suggested increased craving for marshmallows.
Greenberg et al. [49] observed that smoked THC increased
intake and produced a weight gain of more than 2 kg in
3 weeks as compared with a control group. Foltin et al. [50]
also described higher consumption of snacks with smoked
THC, without increasing meal size. In another experiment,
they found an increase in the intake of sweets and greater
then expected weight gain for the caloric intake [51].
Mattes et al. [52] point out that, under certain experimental
conditions, THC enhances snacking behaviors.

However, increased weight has not been described in
regular cannabis consumers. This suggests tolerance to
these effects with time or that other important variables
have an influence on the weight of regular consumers.

Clinical trials with cannabinoid agonists in several diseases
support this orexigenic effect; dronabinol and THC increase
weight and adipose tissue in AIDS [53-55], cancer [56], or
Alzheimer’s disease [57].

Cannabis Withdrawal Causes Anorexia

Several experiments with smoked and oral marihuana
consumption in humans have documented anorexia upon
withdrawal [58, 59]. A review on this subject stated that, in
15 out of 18 studies on cannabis withdrawal syndrome, a
reduced appetite was observed. Therefore, it has been
proposed as a diagnostic criterion for this syndrome [60].

Cannabinoid System Is a Crucial Element
in the Mechanisms of Food Intake Regulation

These studies indicate that ECS has an important role in the
regulation of food intake and weight. There are emerging
data on the mechanisms used by this system. Firstly,
cannabinoids have an orexigenic central effect and modu-
late many peptides involved in the regulation of food
intake; secondly, ECS contributes to the hedonic appraisal
of intake, and finally, the role of ECS in peripheral
metabolic regulation is increasingly appreciated. Some
authors state that ECS could be the first retrograde
signaling system involved in food intake regulation [61].

CBI1 receptors are found in centers related to food intake,
such as hypothalamic nuclei [62], NAc [10, 63], NTS, and
dorsal motor nucleus of the vagus [64]. These receptors are
expressed in peptidergic hypothalamic circuits regulating
food intake, as neurons in the ARC secreting POMC/
CART, neurons of the LHN releasing MCH and orexin, and
PVN neurons secreting CRH [65].

ECS belongs to the complex mechanisms that regulate
food intake. CB1 stimulation leads to modulation of the
release of some hypothalamic anorexigenic and orexigenic
mediators and of dopamine in the NAc shell. Recent
evidence has proved that CB1 is also present in the
peripheral organs, such as the adipose tissue and gastroin-
testinal system, key organs in the regulation of energy
metabolism [66]. Interactions of this system with multiple
peptides with a central or peripheral role in this regulation
have been described, among others: leptin [67, 68], NPY
[69, 70], CART [71], opioid system [72], ghrelin [73, 74],
adiponectin [38, 75-78], CCK [79], oxytocin [80], MCH
[81], orexins [82], glucocorticoids [83], and CRH [65, 84].
Its full description is beyond the scope of this review.

Regarding these interactions, it should be emphasized
that food intake control circuit was regulated by leptin [68].
Thus, these authors demonstrated that leptin-deficient
animals had increased hypothalamic endocannabinoid
levels, and leptin treatment normalized them. Conversely,
CB1—/— mice possess significantly decreased plasma levels
of leptin, but exhibit enhanced sensitivity to exogenously
administered leptin compared with that in wild-type mice
[45, 65]. An electrophysiological analysis reveals that
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perifornical LHN neurons are subject to CBI receptor-
mediated depolarization-induced suppression of inhibition
(DSI), and that the effects of leptin involve the modulation
of endocannabinoid-mediated DSI. Leptin inhibits voltage-
gated calcium entry via janus kinase 2 and mitogen-
activated protein kinase (MAP-kinase)-dependent signaling,
thereby decreasing synthesis and release of endocannabi-
noids. These results are consistent with the hypothesis that
the integration of endocannabinoid and leptin signaling
regulates the excitability of neurons in appetite-related
circuits [67].

Moreover, it has to be stressed that ECS interacts with
opioid system to regulate the motivational aspects of food
intake and hypothalamic satiety mechanisms [72, 85].
Distribution of CB1 and opioid receptors has been found
to be very similar within brain areas of reward circuitry.
Opioid and CBI1 receptor agonists synergistically activate
the mesolimbic dopaminergic system, and bidirectional
interactions between cannabinoid and opioid circuits seem
to be mandatory for the motivational effects of drugs and
food. Although the specific mechanisms involved in the
endocannabinoid and opioid interaction within the hypo-
thalamus have still to be defined, a very probable site for
functional interplay between both systems is represented by
the PVN (see a review in [86]).

We should also mention a novel proposed aspect, based
on the integration of the ECS in the physiology of stress,
primarily through effects on the regulation of the hypotha-
lamic—pituitary—adrenal (HPA) axis. Central modulation of
the HPA axis by the endogenous cannabinoid ligands at the
level of the hypothalamus is supported by the CB1 and
CRH coexpression in the PVN [65]. On the other hand, the
adrenal gland is a possible target for endocannabinoid
regulatory effects on the HPA axis. This would be another
putative mechanism involved in the central metabolic
actions of the ECS [87].

Cannabinoid System Modulates Reinforcing Effects
of Food

ECS belongs to the brain reward system and has a
pervasive importance on addictive behavior. Regarding
motivational aspects of food intake, ECS may be involved
in its two phases. Berridge [88] distinguish the incentive,
“wanting” or appetitive phase, in which dopaminergic
circuits are relevant, from the consummatory phase, which
they call “liking,” in which opioid and GABAergic
transmission are prominent.

CBI1 receptors are presynaptic receptors found in
dopamine releasing neurons originating in ventral tegmen-
tal area (VTA) and reaching NAc. This circuit is crucial to
incentive processes of food intake. These dopaminergic

neurons release 2-AG. In the shell portion of NAc—the
most significant in incentive processes—there is a high
density of CBI receptor [89]. THC administration triggers
dopamine release by the NAc [90], and dopamine D,
receptor antagonists mitigate THC induced hyperphagia
[91]. Thus, CB1 receptor modulates dopamine’s ability to
increase the motivational value of foods.

Several animal experiments suggest that cannabinoid
agonists increase the rewarding value of foods, diminishing
latency for intake and inducing food intake in satiated
animals in which motivation to eat is very limited [20, 21,
85]. On the contrary, cannabinoid antagonists reduce the
rewarding value of foods [92, 93].

But ECS also mediates orosensory aspects of food intake
(see a review by Cooper [61]). Cannabinoid agonists
enhance intake of more palatable foods [28, 33, 94, 95].

Some experiments in animals studying the effects on
these two phases seem to confirm the involvement of ECS
in both motivational components. Rimonabant increases
latency for intake and reduces the number of intake
episodes of palatable foods [93, 96].

Cannabinoid System Peripherally Regulates Energy
Metabolism

Most recent findings highlight the increasing importance of
ECS in peripheral regulation of food intake and energy
metabolism. Some authors consider this peripheral role of
CB1 receptor more relevant than its central effect [29].
Findings supporting this peripheral role are, among others:
the anorexigenic effect of cannabinoid antagonists unable to
cross BBB [97]; high levels of AEA in the small intestine
during fasting [29]; and the anorexigenic effect of rimona-
bant through its interaction with CCK [98]; or the effect of
oleyl-ethanolamine (OEA), an AEA analoge, on appetite,
despite its lack of action on CB1 receptors [29]. Further-
more, cannabinoid receptors are being described in periph-
eral tissues related to energy metabolism (adipose tissue,
gastrointestinal tract, liver, endocrine cells of the pancreas
or muscle) [99, 100]. CBI receptors are located in the
enteric nervous system and in sensory terminals of vagal
and spinal neurons [101].

It has been suggested that AEA could be a short-term
peripheral signal of hunger because fasting increases its
levels in the gut [29, 85].

ECS Regulates Lipid Metabolism in Adipose Tissue

CB1 receptors are found in fat tissue of animals and
humans, and its agonists enhance lipogenesis [65, 102].
Adipocytes of obese animals overexpress CB1 receptors
[38]. Visceral fat from mice with DIO contain higher
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endocannabinoid levels than lean mice, and CB1 receptor
stimulation increases lipid droplets and decreases adipo-
nectin expression in adipocytes [76]. Rimonabant dimin-
ishes adipose tissue independently of its anorexigenic
effect. This antagonist promotes adiponectin release by fat
tissue, by a direct effect on adipocytes and more so in obese
than in lean animals [38]. Adiponectin is an adipocytokine
exclusively expressed and secreted by adipose tissue, which
regulates lipid and glucose metabolism. This protein
stimulates free fatty acid oxidation and reduces hypergly-
cemia and hyperinsulinemia. Adiponectin messenger RNA
(mRNA) expression in adipose tissue is decreased in
obesity [103]. Rimonabant stimulates lipolysis-inducing
enzymes that enhance lipid oxidation, restores adipocyte
morphology of obese animals, and reverses gene expression
changes by these cells [78]. Moreover, rimonabant inhibits
preadipocyte cell proliferation and stimulates mRNA
expression and increases protein levels of two late markers
of adipocyte differentiation (adiponectin and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH). The authors
suggest that rimonabant-inhibition of MAP-kinase activity
may be one of the mechanisms involved in both effects
[75]. Lipid accumulation in adipocytes is also another
marker of adipocyte maturation and final stage of differen-
tiation. Results show that rimonabant does not induce lipid
accumulation in cultured mouse preadipocytes. Inhibition
of preadipocyte cell proliferation and induction of adipo-
cyte late maturation without fat accumulation may partic-
ipate in rimonabant-induced reduction of body fat mass
[75]. Overall, this data support a most beneficial role of
cannabinoid antagonists on lipid metabolism of obese
individuals.

ECS Modulates Liver Lipid Metabolism

Recently, CBI1 receptors have also been described in the
liver [104]. The liver plays a major role in de novo
lipogenesis. Cannabinoids promote hepatic lipogenesis and
enhance steatosis through CB1 receptors [104, 105]. In
DIO animals, there is an increase in fatty acid synthesis
mediated through liver CBI1 receptors. In these animals,
high levels of liver AEA are produced, probably through a
reduction of the activity of its catabolic enzyme, fatty-acid
amide hydrolase (FAAH). To provide further evidence of
the role of hepatic CBI1 receptors, Osey Hyiaman et al.
[104] stimulated mice with HU210, a specific CB1 agonist.
HU210 upregulated the hepatic expression of genes that are
known to be key regulators of fat metabolism in the liver,
including the transcription factor sterol response element-
binding protein 1c (SREBP-1c¢) and its targets, acetylcoen-
zyme-A carboxylase-1 (ACC1) and fatty acid synthase
(FAS), and increased hepatic fatty synthesis. Cannabinoid
antagonists prevent the increase in density of CB1 receptors

and hepatic fatty acid synthesis. These changes are absent
in CB1 KO animals that are resistant to the development of
diet-induced hepatic steatosis. They conclude that AEA
acting at hepatic CB1 receptors contributes to DIO and that
regulation of FAS through CBI1 is the final common
pathway of central hypothalamic and hepatic effects of
cannabinoids [104].

ECS Modulates Muscle Metabolism

CBI1 receptor is expressed in striated muscle as well [99,
106]. In genetically obese mice, rimonabant increases
energy consumption, glucose intake by muscle, and
promotes thermogenesis, thus improving glucose levels
[107]. Indeed, CBI1 local expression is up-regulated in
obesity [107].

CB1 Receptor and FAAH Are Found in Human Gastric
Mucosa

Our hospital research team has described CB1 receptor in
myenteric plexus (Auerbach’s, related to motility) of human
stomach, in submucous plexus (Meissner’s, related to
gastric secretion) and in parietal cells. FAAH has also been
detected in the latter cells, which suggests CB1 receptor
involvement in gastric secretion and motility (Pazos et al.,
unpublished data). The resemblance of CB1 receptor
distribution with that of ghrelin and glucagon-like peptide
1 [108, 109], and the fact that SR141716 administration is
able to reduce the levels of ghrelin [74], suggest that they
are part of a gut-brain connection that regulates eating
behavior.

Vagal afferents originating in the stomach and duode-
num, which express CCK1 receptors, also express CBI
receptors. CB1 expression was increased by prolonged food
deprivation and reduced on refeeding. These effects were
blocked by a CCKl-receptor antagonist. It was concluded
that CCK may inhibit the ability of peripheral AEA to
stimulate feeding via vagal activity, and so fasting may
release vagal cannabinoid signals from CCK inhibition
[79]. More research is required to determine whether
changing gut endocannabinoid levels reflect nutritional
status directly or are related to their role in regulating gut
motility and gastrointestinal enzyme secretion [85].

Cannabinoid System and Eating Disorders

Genetic and environmental factors are involved in the
etiology of eating disorders (ED) [110]. Genes coding
peptides involved in food intake regulation have been
studied as possible candidate genes. Although genetic
factors seem to explain 50-80% of variance in ED, on the
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whole, candidate-gene studies have been negative (see a
review in [111]). Therefore ECS, which is significant in this
regulation, is another candidate for research. Nevertheless,
the fact that cannabinoid agonists are effective in cachectic
states does not mean that they are equally useful in anorexia
nervosa because pathophysiologic mechanisms are different
in these states. Changes in peptides regulating food intake
have been documented in ED, but they seem mostly
adaptive changes to the individual’s nutritional status and
not primary alterations [112—-118].

To assess the role of ECS in ED, we will review three
lines of research: genetic studies, cannabinoid levels in
patients with ED, and use of cannabinoid agonists in ED.

Genetic Studies on ECS in ED

Genetic linkage studies have identified the significance of
chromosome 1 in ED genetics [119]. The gene that codes
FAAH, the main cannabinoid catabolic enzyme, has been
mapped to the short arm of this chromosome. A polymor-
phism of this gene has been described (C385A). It implies
substituting adenine for cytosine, which causes the appear-
ance of a threonine residue instead of proline in the peptide
chain of the enzyme: This mutation reduces catalytic
activity [120]. This polymorphism has been associated with

drug use [121]. It is worth pointing out that that the wild
(non-mutated) type of this gene is fairly conserved in those
animal species in which it has been cloned [122]. We
investigated this polymorphism in a sample of 47 ED
patients and 98 controls; no significant differences have
been found [123].

Another candidate gene codes CB1 receptor, mapped to
the long arm of chromosome 6. A polymorphism consisting
of 7 to 15 repetitions of the base triplet AAT, with nine
allelic forms, has been described. An initial study of 52
pedigrees of patients with ED found an association between
binging/purging type of anorexia and one allelic form and
of restricting anorexia with a different allele [124]. In our
study, we observed a lack of allele 8 and overrepresentation
of allele 7 in women with ED. This difference did not reach
statistical significance, probably because of the small
sample size (p=0.1) [123] (Table 1). Thus, consistent data
demonstrating the involvement of genetic factors related to
ECS in the etiology of ED are still lacking.

Endocannabinoid Levels in ED
One study analyzed AEA and 2-AG blood levels in ED

patients. AEA levels were increased in anorexia nervosa
and in binge ED, but not in bulimia. The authors suggested

Table 1 Allelic and genotypic frequencies of the AAT triplet repeats polymorphism of the CNRI gene and FAAH gene by group

Control, n=98 ED, n=47
ANr, n=13 ANp, n=21 BNp, n=13

Allele A (FAAH gene) 37 (20.8) 6 (23.1) 7 (16.7) 4 (15.4)
Allele C (FAAH gene) 141 (79.2) 20 (76.9) 35(83.3) 22 (84.6)
Genotype FAAH

CcC 56 (62.9) 7 (53.8) 14 (66.7) 9 (69.2)
AA 4 (4.5) 0 0 0

AC 29 (32.6) 6 (46.2) 7 (33.3) 4 (30.8)
Genotype CNR!

<5<5 8 (8.7) 0 2 (9.5) 3(23.1)
>52>5 47 (51.1) 7 (53.8) 10 (47.6) 5(38.5)
<52>5 37 (40.2) 6 (46.2) 9 (42.9) 5(38.5)
Allele 1 CNRI 422 1(3.8) 0 1(3.8)
Allele 2 0 0 1(2.4) 0

Allele 3 0 0 0 0

Allele 4 49 (26.6) 5(19.2) 12 (28.6) 10 (38.5)
Allele 5 52.7) 0 2 (4.8) 0

Allele 6 36 (19.6) 8 (30.8) 6 (14.3) 5(19.2)
Allele 7 40 (21.7) 6 (23.1) 13 (31.0) 5(19.2)
Allele 8 46 (25.0) 6 (23.1) 8 (19.0) 3 (11.5)
Allele 9 422 0 0 2(7.7)

For genotype: number of subjects with this genotype and within parenthesis is expressed in percentage. For alleles: number of alleles by group and
within parenthesis is expressed in percentage. All comparisons are not significant (from the Pearson chi-square or Fisher’s exact test when

appropriate) comparing the whole sample of ED to control group

FAAH Fatty acid amide hydroxilase, ED eating disorders ANr anorexia nervosa restricting type, ANp anorexia nervosa purging type, BNp bulimia

nervosa purging type
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that AEA participates in reinforcing aspects of food intake
behavior disturbances, but if this were true, these levels
should also be altered in bulimia. The origin of the
measured AEA should be established, and it would be
necessary to know whether plasma AEA levels reflect
central functioning of ECS. More interesting is the negative
correlation between AEA and leptin levels, which suggests
leptin deficiency in anorexia nervosa and leptin insensitiv-
ity in binge ED. This would explain high AEA levels in
both [125].

Use of Cannabinoid Agonists in ED

As far as we know, there is only a single clinical trial on
cannabinoid agonists in ED. In this randomized, double-
blind, placebo-controlled trial, 11 patients with anorexia
nervosa received THC. It concluded that THC was
ineffective and had adverse psychological effects [126].
The THC dosage used (7.5-10 mg/day) was high, and it has
been said that these doses may have anorexigenic effects,
possibly through CRH release.

In summary, available information does not allow
concluding that ECS is relevant in ED pathophysiology.

Cannabinoid System and Obesity

In Western countries, high prevalence of obesity makes it
an important public health problem. Its diagnosis is made
using a single piece of information, the body mass index
(BMI). It is estimated that, in the USA, 30.5% of the
population has a BMI >30 and 5% >40 [127].

Obesity is not considered an ED, although disturbances
in eating behavior are frequent. Genetic and environmental
factors are clearly involved in its etiology. Dietary factors,
such as dietary fat content [128] or the consumption of
palatable foods have a prominent role, along with sedentary
lifestyle and food intake related to social and cultural
factors [129]. Complex neurobiological mechanisms are
involved in the regulation of food intake, and they are better
suited for times of food shortage than for times of plenty,
thus homeostatic control of food intake is felt to be
asymmetric [7, 14].

Obesity has a strong heritable component [130], and
genetic factors are relevant for BMI and for body fat
percentage [131]. Monogenic forms of obesity have been
described, but they are rare. Therefore obesity is considered
a polygenic disorder [132]. Genes associated with obesity
are numerous [133]. A set of “thrifty” genes is considered
to confer an advantage in times of shortage but promote
obesity in present environmental conditions [133].

Given the prominent role of ECS in the regulation of
appetite and energy metabolism, it is a clear target of

research in obesity, and available data demonstrate its
pathophysiological significance. We are going to refer to
three lines of research: genetic studies on ECS in obesity,
endocannabinoid levels in obesity, and clinical trials with
cannabinoid antagonists in obesity. As we will see, all of them
suggest that obesity could be because of hyperactivity of
cannabinoid system, as reported by other authors [100, 134].
In a recent review, the authors suggest that endocannabinoid
overactivity seems to contribute to the development of
abdominal obesity, dyslipidemia, and hyperglycemia [135].

Genetic Studies on ECS in Obesity

Chromosome 6 has been associated with obesity [136]; the
gene coding CB1 has been mapped to this chromosome. An
association between a polymorphism of the gene coding
FAAH (C385A) and obesity has been described [137].
Mutated homozygotic AA form was more prevalent in
obese patients than in controls. Possibly this mutated form
causes a reduction in FAAH enzymatic activity, reduced
inactivation of endocannabinoids and, therefore, cannabi-
noid hyperactivity in obese persons [137].

We have studied this polymorphism of FAAH and the
repetition polymorphism AATn of the CNRI gene in a
sample of 79 morbidly obese patients (mean BMI=46) and
98 normal-weight controls. We did not find differences in
AA, AC, and CC genotypes of FAAH enzyme between
obese patients and controls, possibly because of a very low
prevalence of allele A. Neither were there differences
among various allelic forms of the AATn polymorphism
of CNRI1 gene. But when these allelic forms were classified
in short/short, short/long, and long/long genotypes, as
suggested by Comings et al. [138], the short/short genotype
was found twice as frequent among obese patients (15.2%
vs. 8.7% in controls; p=0.18; Fig. 1). There is evidence that
the short genotype entails improved function of CBI1
receptor [139]. Moreover, we documented a putative
interaction of both polymorphisms: The presence of two
short alleles of CNR1 and at least one allele A of FAAH
gene was associated with an increased risk of morbid
obesity. Among individuals with AA or AC genotype,
23.3% of obese patients had a short/short polymorphism of
CNRI1 gene, versus 6.1% in controls (OR=4.7, 95% CI 1-
25; p=0.05). This suggests the presence of hyperactivity of
ECS in morbid obesity because of increased functional
activity of CB1 receptor and reduced activity of FAAH
enzyme (Gorgojo et al., unpublished data). Interactions
between genes have previously been described in the
etiology of morbid obesity [140].

A different CB1 polymorphism was associated with
BMI. Two hundred ten healthy subjects from a population
survey carried out in Italy were divided into quintiles by
BMI. Genotyping for the CB1 1359G/A polymorphism was
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performed. A clear trend of increasing relative frequency of
the CB1 wild-type genotype with the increase of BMI was
found [141].

Peripheral Tissue Endocannabinoid Levels in Obesity

One study measured plasma endocannabinoid levels and
expression of CB1 receptor and FAAH in adipose tissue of
obese postmenopausal women. Obese women had increased
plasma levels of AEA and 2-AG and lower expression of
CBI1 receptor and FAAH enzyme in adipose tissue than
controls. Weight loss had no influence on endocannabinoid
levels nor on CB1 and FAAH expression, which suggests
that ECS hyperactivity may be a cause and not a conse-
quence of weight gain and that this hyperactivity might be
the result of diminished peripheral FAAH activity [142].

The same group determined whether circulating endo-
cannabinoids are related to visceral adipose tissue mass in
lean, subcutaneous obese, and visceral obese subjects. They
measured expression of the CB1 receptor and FAAH genes
in subcutaneous and visceral adipose tissue. Circulating 2-
AG was significantly correlated with body fat and visceral
fat mass. In visceral adipose tissue, CBl and FAAH
expression were negatively correlated with visceral fat
mass. These findings suggest that abdominal fat accumu-
lation is a critical correlate of dysregulation of the
peripheral ECS in human obesity [143].

In a similar way, another group found that patients with
obesity (BMI>30 kg/m?) exhibit higher concentrations of
endocannabinoids in visceral fat than controls. The authors
concluded that peripheral endocannabinoid overactivity
might explain why CB1 blockers cause weight-loss
independent reduction of lipogenesis, of hypoadiponectine-
mia, and of hyperinsulinemia in obesity [76].

In another study by the same group, fasting plasma
levels of AEA and 2-AG were measured in a sample of
men with BMI from 18.7 to 35.2 kg/m?. Plasma 2-AG, but
not AEA, levels correlated positively with BMI and intra-
abdominal adiposity and negatively with adiponectin levels.
Obese men with similar BMI values but who markedly
differed in their amount of intra-abdominal adiposity
exhibited higher 2-AG levels in the presence of high
intra-abdominal adiposity. These findings suggest a rela-
tionship between endocannabinoid and cardiometabolic risk
factors, including intra-abdominal adiposity [144].

Cannabinoid System and Course of Obesity

It has been suggested that cannabinoid hyperactivity could
explain relapses of weight gain [142]. We studied the
aforementioned genetic polymorphisms of ECS as predic-
tors of response to medical and surgical treatment of
obesity. After adjusting for other relevant variables, obese
patient homozygous for the short polymorphism of CNR1
gene lost less weight (5% lower weight loss, 95% CI 1.3—
8.9) after medical treatment (diet and drugs) than patients
with long polymorphisms. This suggests that cannabinoid
system hyperactivity could result in a less favorable
outcome (Gorgojo et al., unpublished data).

Therefore, genetic variants that involve higher level of
function of cannabinoid system may be relevant in obesity
etiology and, in turn, have an influence on the weight
course of these patients.

Use of Cannabinoid Antagonists in Obesity

There are four clinical trials on rimonabant use in obesity,
the RIO studies (rimonabant in obesity): RIO-Lipids, RIO-
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North America, RIO-Europe and RIO-Diabetes, and three
clinical trials on its use in nicotine dependence, STRATUS
(Studies with Rimonabant and Tobacco Use) [145]. Data
suggest that rimonabant achieves weight loss in obese
individuals. In addition, it improves lipid profile and
metabolic syndrome.

RIO-Europe was a 2-year trial, enrolled 1,507 individ-
uals with a BMI >27. Doses of 5 and 20 mg rimonabant
once daily, along with a low calorie diet, were compared
with placebo. In the analysis carried out at 1 year of follow-
up, patients receiving 20 mg/day showed greater weight
reduction than patients treated with placebo, with an
improvement in lipid profile which could not be explained
by the amount of weight loss, according to the researchers.
Of the patients treated with 20 mg rimonabant a day, 27.4%
achieved a weight reduction of more than 10% from
baseline, a loss considered clinically relevant, versus 7.3%
in the placebo group. The number of patients diagnosed as
having metabolic syndrome was reduced by 65% in those
on a 20-mg daily dose of rimonabant compared to 34% in
the placebo group after completing 1 year of treatment.
Depression was the most frequent cause of dropout in all
groups. The 20-mg rimonabant dosage was associated with
more dropouts because of gastrointestinal complaints,
headache, and dizziness. Publication of the 2-year results
is awaited [146].

RIO-Lipids study [147] enrolled 1,036 subjects with a
BMI >27, comparing 5 and 20 mg rimonabant once a day
versus placebo, along with low calorie diet, with a follow-up
of 12 months. Patients who received rimonabant at a dosage
of 20 mg/day lost more weight—6.7 kg—than individuals
receiving placebo. In addition, they showed improved levels
of adiponectin, leptin, HDL, and triglycerides. Of the
individuals treated with 20 mg/day of rimonabant, 32.6%
experienced a weight loss greater than 10% of baseline, as
compared with 7% in the placebo group. Most frequent
dropouts were caused by gastrointestinal complaints and
psychiatric disturbances (anxiety and depression).

The clinical trial RIO-North America enrolled 3,045
patients. The study design was similar, but after a 1-year
follow-up, patients were re-randomized for an additional year
of follow-up. Results are consistent with the earlier studies,
with similar size of effect versus placebo (6.3 kg weight loss
vs. 1.6 kg) and much the same changes on lipid and glucose
metabolism, unexplained by the amount of weight loss
achieved. After re-randomization, individuals taking 20 mg
rimonabant maintained their weight loss, whereas those
assigned to placebo regained weight. In general, there was a
dropout rate of 12.8% (20-mg group) versus 7.2% (placebo
group). Respectively, 6.2% versus 2.3% of the dropouts were
because of psychiatric disturbances [148].

The Rimonabant-in-Obesity (RIO)-Diabetes trial studied
the safety and efficacy of rimonabant in overweight and

obese patients with type 2 diabetes who were treated with
metformin or sulfonylureas. RIO-Diabetes was a 1-year,
randomized, double-blind, placebo-controlled, parallel-
group study of 1,047 overweight/obese patients with type
2 diabetes. The BMI of participants ranged from 27 to 40.
All patients received either metformin or sulfonylurea
therapy and were asked to follow a hypocaloric diet for
the duration of the trial. After a 4-week placebo plus diet
run-in period, patients were randomized to receive placebo
or rimonabant 5 or 20 mg once daily. At 1 year, absolute
change in weight from baseline in the intention-to-treat
analysis of the rimonabant 5- and 20-mg groups, respec-
tively, was loss of 2.3 and 5.3 kg compared with 1.4 kg in
the placebo group. Waist circumference and glycosylated
hemoglobin were significantly decreased in the rimonabant
5- and 20-mg groups. Some of the improvements in
metabolic parameters could not be attributed to observed
weight loss. Compared with placebo, rimonabant 20 mg
also demonstrated significant improvements in the preva-
lence of metabolic syndrome. The incidence of adverse
events that led to discontinuation was slightly greater in the
20 mg/day rimonabant group, mainly because of depressed
mood disorders, nausea, and dizziness [149].

Therefore, one may conclude that rimonabant use
achieves moderate weight loss in obese individuals, similar
in size to that showed by other antiobesity drugs [150] but
with an additional improvement of lipid profile. Treatment
with 20 mg/day of rimonabant produced clinical meaning-
ful weight loss, reduction in waist circumference, and
associated improvements in several metabolic and cardio-
vascular risk factors, including insulin levels, insulin
resistance index, HDL cholesterol and triglyceride concen-
trations, and adiponectin levels. In addition, the prevalence
of metabolic syndrome was significantly reduced.

The need of long-term administration to avoid relapse
emerges from these trials. Main adverse effects are gastro-
intestinal complaints and psychopathological disturbances.
Probably, the latter would be the main obstacle for use of
rimonabant in obesity, considering the high prevalence of
psychiatric disorders in obese individuals [151]. In obesity,
rimonabant has central and peripheral mechanisms of
action: anorexigenic central effect, reduction in motivation
for food intake, stimulus of satiety signals in the gut,
increase in lipolysis and release of adiponectin by adipose
tissue, along with increase glucose uptake by muscle [152].
Other authors suggest that cannabinoid antagonists would
normalize deficient leptin signaling present in hyperphagic
states [67]. However, an aversive mechanism through
nausea induction, mediated by its effects on gastric motility,
cannot be ruled out [153, 154].

The obese patient profile that would benefit most from
cannabinoid antagonist therapy remains to be defined. It is
not known whether it is more effective in patients who
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snack between meals, if it has preferential effect on sweets
intake, or if its efficacy increases when associated with a
low calorie diet. This is a most interesting field for clinical
research.

Conclusions

ECS is a crucial part of regulation of food intake and
energy metabolism. Cannabinoid agonists increase appetite,
whereas antagonists have an opposite effect, both in
animals and in humans. No single mechanism explains
this; centrally acting mechanisms are involved, and periph-
eral mechanisms seem increasingly significant. There is no
evidence that cannabinoid system is involved in the
etiology of ED, but there are data that suggest its
hyperactivity in obesity. Such hyperactivity may be an
important prognostic factor. Thus, clinical trials with
rimonabant, a cannabinoid antagonist, suggest that a novel
therapeutic weapon will be available for treating obesity,
with a new interesting profile.

References

1. Grinspoon L, Bakalar JB (1993) Marihuana. The forbidden
medicine. Yale University Press, London
2. Ramos JA, Fernandez J (2000) Uso de los cannabinoides a través
de la historia. Adicciones 12(suppl 2):19-30
3. Hollister L (2001) Marijuana (cannabis) as medicine. Journal of
Cannabis Therapeutics 1:5-28
4. Di Marzo V, Sepe N, De Petrocellis L, Berger A, Crozier G, Fride
E, Mechoulam R (1998) Trick or treat from food endocannabi-
noids?. Nature 396:636—637 (letter)
5. Anand BK, Brobeck JR (1951) Localization of a feeding center in
the hypothalamus of the rat. Proc Soc Exp Biol Med 77:323-324
6. Berthoud HR (2002) Multiple neural systems controlling food
intake and body weight. Neurosci Biobehav Rev 26:393—428
7. Broberger C (2005) Brain regulation of food intake and appetite:
molecules and networks. J Intern Med 258:301-327
8. Wynne K, Stanley S, McGowan B, Bloom S (2005) Appetite
control. J Endocrinol 184:291-318
9. Abizaid A, Gao Q, Horvath TL (2006) Thoughts for food: brain
mechanisms and peripheral energy balance. Neuron 51:691-702
10. Breivogel CS, Childers SR (1998) The functional neuroanatomy
of brain cannabinoid receptors. Neurobiol Dis 5:417-431
11. Morton GJ, Cummings DE, Baskin DG, Barsh GS, Schwartz MW
(2006) Central nervous system control of food intake and body
weight. Nature 443:289-295
12. Smith GP (1999) Introduction to the reviews on peptides and the
control of food intake and body weight. Neuropeptides 33:323-328
13. Zhang JV, Ren PG, Avsian-Kretchmer O, Luo CW, Rauch R, Klein C,
Hsueh AJ (2005) Obestatin, a peptide encoded by the ghrelin gene,
opposes ghrelin’s effects on food intake. Science 310:996-999
14. Halford JC, Blundell JE (2000) Pharmacology of appetite
suppression. Prog Drug Res 54:25-58
15. Hao S, Avraham Y, Mechoulam R, Berry EM (2000) Low dose
anandamide affects food intake, cognitive function, neurotrans-

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

mitter and corticosterone levels in diet-restricted mice. Eur J
Pharmacol 392:147-156

. Martinez-Gonzalez D, Bonilla-Jaime H, Morales-Otal A, Henriksen

SJ, Velazquez-Moctezuma J, Prospero-Garcia O (2004) Oleamide
and anandamide effects on food intake and sexual behavior of rats.
Neurosci Lett 364:1-6

. Wiley JL, Burston JJ, Leggett DC, Alekseeva OO, Razdan RK,

Mahadevan A, Martin BR (2005) CB1 cannabinoid receptor-
mediated modulation of food intake in mice. Br J Pharmacol
145:293-300

. Williams CM, Rogers PJ, Kirkham TC (1998) Hyperphagia in pre-

fed rats following oral delta9-THC. Physiol Behav 65:343-346

. Williams CM, Kirkham TC (1999) Anandamide induces overeat-

ing: mediation by central cannabinoid (CB1) receptors. Psycho-
pharmacology 143:315-317

Williams CM, Kirkham TC (2002) Observational analysis of
feeding induced by delta9-THC and anandamide. Physiol Behav
76:241-250

Kirkham TC, Williams CM, Fezza F, Di Marzo V (2002)
Endocannabinoid levels in rat limbic forebrain and hypothalamus
in relation to fasting, feeding and satiation: stimulation of eating
by 2-arachidonoyl glycerol. Br J Pharmacol 136:550-557
Avraham Y, Menachem AB, Okun A, Zlotarav O, Abel N,
Mechoulam R, et al (2005) Effects of the endocannabinoid
noladin ether on body weight, food consumption, locomotor
activity, and cognitive index in mice. Brain Res Bull 65:117-123
Avraham Y, Ben-Shushan D, Breuer A, Zolotarev O, Okon A,
Fink N et al (2004) Very low doses of delta 8-THC increase food
consumption and alter neurotransmitter levels following weight
loss. Pharmacol Biochem Behav 77:675-684

Jamshidi N, Taylor DA (2001) Anandamide administration into
the ventromedial hypothalamus stimulates appetite in rats. Br J
Pharmacol 134:1151-1154

Miller CC, Murray TF, Freeman KG, Edwards GL (2004) Cannabi-
noid agonist, CP 55,940, facilitates intake of palatable foods when
injected into the hindbrain. Physiol Behav 80:611-616

Colombo G, Agabio R, Diaz G, Lobina C, Reali R, Gessa GL
(1998) Appetite suppression and weight loss after the cannabinoid
antagonist SR 141716. Life Sci 63:PL113-117

Freedland CS, Poston JS, Porrino LJ (2000) Effects of SR141716A,
a central cannabinoid receptor antagonist, on food-maintained
responding. Pharmacol Biochem Behav 67:265-270

Simiand J, Keane M, Keane PE, Soubrie P (1998) SR 141716, a
CBI1 cannabinoid receptor antagonist, selectively reduces sweet
food intake in marmoset. Behav Pharmacol 9:179-181

Gomez R, Navarro M, Ferrer B, Trigo JM, Bilbao A, Del Arco I, et
al (2002) A peripheral mechanism for CB1 cannabinoid receptor-
dependent modulation of feeding. J Neurosci 22:9612-9617
Rowland NE, Mukherjee M, Robertson K (2001) Effects of the
cannabinoid receptor antagonist SR141716, alone and in combi-
nation with dexfenfluramine or naloxone, on food intake in rats.
Psychopharmacology 159:111-116

Koch JF, Werner NA (2000) Effects of the cannabinoid antago-
nists AM 630 and AM 281 on deprivation-induced food intake in
Lewis rats. Soc Neurosci 26:569 (Abst)

Pagotto U, Pasquali R (2006) Endocannabinoids and energy
metabolism. J Endocrinol Investig 29(suppl):66—76

Armone M, Maruani J, Chaperon F, Thiebot MH, Poncelet M,
Soubrie P, Le Fur G (1997) Selective inhibition of sucrose and
ethanol intake by SR 141716, an antagonist of central cannabinoid
(CB1) receptors. Psychopharmacology 132:104—106

Ward SJ, Dykstra LA (2005) The role of CB1 receptors in sweet
versus fat reinforcement: effect of CB1 receptor deletion, CB1
receptor antagonism (SR141716A) and CBI1 receptor agonism
(CP-55940). Behav Pharmacol 16:381-388



Mol Neurobiol (2007) 36:113-128

125

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

Joppa MA, Markison S, Gogas KR, Foster AC, Naeve GS (2002)
The cannabinoid antagonist SR141716 inhibits food intake in
mice but does not decrease activity. In: Proceedings of the 12th
annual symposium on the cannabinoids. ICRS; USA
McLaughlin PJ, Winston K, Swezey L, Wisniecki A, Aberman J,
Tardif DJ, et al (2003) The cannabinoid CBI antagonists SR
141716A and AM 251 suppress food intake and food-reinforced
behavior in a variety of tasks in rats. Behav Pharmacol 14:583-588
Verty AN, McGregor IS, Mallet PE (2004) Consumption of high
carbohydrate, high fat, and normal chow is equally suppressed by
a cannabinoid receptor antagonist in non-deprived rats. Neurosci
Lett 354:217-220

Bensaid M, Gary-Bobo M, Esclangon A, Maffrand JP, Le Fur G,
Oury-Donat F et al (2003) The cannabinoid CBI1 receptor
antagonist SR141716 increases Acrp30 mRNA expression in
adipose tissue of obese fa/fa rats and in cultured adipocyte cells.
Mol Pharmacol 63:908-914

Ravinet Trillou C, Arnone M, Delgorge C, Gonalons N, Keane P,
Maffrand JP et al (2003) Anti-obesity effect of SR141716, a CB1
receptor antagonist, in diet-induced obese mice. Am J Physiol
Regul Integr Comp Physiol 284:R345-353

Vickers SP, Webster LJ, Wyatt A, Dourish CT, Kennett GA (2003)
Preferential effects of the cannabinoid CB1 receptor antagonist, SR
141716, on food intake and body weight gain of obese (fa/fa)
compared to lean Zucker rats. Psychopharmacology 167:103-111
Gessa GL, Orru A, Lai P, Maccioni P, Lecca R, Lobina C et al
(2006) Lack of tolerance to the suppressing effect of rimonabant
on chocolate intake in rats. Psychopharmacology 185:248-254
Black SC, Hildebrandt AL, Kelly-Sullivan DM (2002) Determi-
nation of CB1 receptor antagonist anorectic efficacy vs adipose
tissue mass reduction. In: Proceedings of the 12th annual
symposium on the cannabinoids. ICRS; USA

Chambers AP, Sharkey KA, Koopmans HS (2004) Cannabinoid
(CB)I receptor antagonist, AM 251, causes a sustained reduction
of daily food intake in the rat. Physiol Behav 82:863-869
Hildebrandt AL, Kelly-Sullivan DM, Black SC (2003) Antiobesity
effects of chronic cannabinoid CB1 receptor antagonist treatment in
diet-induced obese mice. Eur J Pharmacol 462:125-132

Ravinet Trillou C, Delgorge C, Menet C, Arnone M, Soubrie P
(2004) CBI1 cannabinoid receptor knockout in mice leads to
leanness, resistance to diet-induced obesity and enhanced leptin
sensitivity. Int J Obes Relat Metab Disord 28:640—648

Tart CT (1970) Marijuana intoxication common experiences.
Nature 226:701-704

Hollister LE (1971) Hunger and appetite after single doses of
marihuana, alcohol, and dextroamphetamine. Clin Pharmacol Ther
12:44-49

Abel EL (1971) Effects of marihuana on the solution of anagrams,
memory and appetite. Nature 231:260-261

Greenberg I, Kuehnle J, Mendelson JH, Bernstein JG (1976)
Effects of marihuana use on body weight and caloric intake in
humans. Psychopharmacology 49:79-84

Foltin RW, Brady JV, Fischman MW (1986) Behavioral analysis
of marijuana effects on food intake in humans. Pharmacol
Biochem Behav 25:577-582

Foltin RW, Fischman MW, Byrne MF (1988) Effects of smoked
marijuana on food intake and body weight of humans living in a
residential laboratory. Appetite 11:1-14

Mattes RD, Engelman K, Shaw LM, Elsohly MA (1994)
Cannabinoids and appetite stimulation. Pharmacol Biochem
Behav 49:187-195

Abrams DI, Hilton JF, Leiser RJ, Shade SB, Elbeik TA, Aweeka
FT et al (2003) Short-term effects of cannabinoids in patients with
HIV-1 infection: a randomized, placebo-controlled clinical trial.
Ann Intern Med 139:258-266

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Beal JE, Olson R, Lefkowitz L, Laubenstein L, Bellman P,
Yangco B et al (1997) Long-term efficacy and safety of
dronabinol for acquired immunodeficiency syndrome-associated
anorexia. J Pain Symptom Manage 14:7-14

Haney M, Rabkin J, Gunderson E, Foltin RW (2005) Dronabinol
and marijuana in HIV(+) marijuana smokers: acute effects on
caloric intake and mood. Psychopharmacology 181:170-178
Jatoi A, Windschitl HE, Loprinzi CL, Sloan JA, Dakhil SR, Mailliard
JA et al (2002) Dronabinol versus megestrol acetate versus
combination therapy for cancer-associated anorexia: a North Central
Cancer Treatment Group study. J Clin Oncol 20:567-573

Volicer L, Stelly M, Morris J, McLaughlin J, Volicer BJ (1997)
Effects of dronabinol on anorexia and disturbed behavior in patients
with Alzheimer’s disease. Int J Geriatr Psychiatry 12:913-919
Haney M, Ward AS, Comer SD, Foltin RW, Fischman MW
(1999) Abstinence symptoms following smoked marijuana in
humans. Psychopharmacology 141:395-404

Haney M, Ward AS, Comer SD, Foltin RW, Fischman MW
(1999) Abstinence symptoms following oral THC administration
to humans. Psychopharmacology 141:385-394

Budney AJ, Hughes JR, Moore BA, Vandrey R (2004) Review of
the validity and significance of cannabis withdrawal syndrome.
Am ] Psychiatry 161:1967-1977

Cooper SJ (2004) Endocannabinoids and food consumption: compar-
isons with benzodiazepine and opioid palatability-dependent appetite.
Eur J Pharmacol 500:37-49

Romero J, Wenger T, De Miguel R, Ramos JA, Fernandez-Ruiz JJ
(1998) Cannabinoid receptor binding did not vary in several
hypothalamic nuclei after hypothalamic deafferentation. Life Sci
63:351-356

Herkenham M, Lynn AB, Johnson MR, Melvin LS, de Costa BR,
Rice KC (1991) Characterization and localization of cannabinoid
receptors in rat brain: a quantitative in vitro autoradiographic
study. J Neurosci 11:563-583

Derbenev AV, Stuart TC, Smith BN (2004) Cannabinoids suppress
synaptic input to neurones of the rat dorsal motor nucleus of the
vagus nerve. J Physiol 559:923-938

Cota D, Marsicano G, Tschop M, Grubler Y, Flachskamm C,
Schubert M et al (2003) The endogenous cannabinoid system
affects energy balance via central orexigenic drive and peripheral
lipogenesis. J Clin Invest 112:423-431

Pagotto U, Vicennati V, Pasquali R (2005) The endocannabinoid
system and the treatment of obesity. Ann Med 37:270-275

Jo YH, Chen YJ, Chua SC Jr, Talmage DA, Role LW (2005)
Integration of endocannabinoid and leptin signaling in an appetite-
related neural circuit. Neuron 48:1055-1066

Di Marzo V, Goparaju SK, Wang L, Liu J, Batkai S, Jarai Z, et al
(2001) Leptin-regulated endocannabinoids are involved in main-
taining food intake. Nature 410:822—-825

Gamber KM, Macarthur H, Westfall TC (2005) Cannabinoids
augment the release of neuropeptide Y in the rat hypothalamus.
Neuropharmacology 49:646—652

Poncelet M, Maruani J, Calassi R, Soubrie P (2003) Overeating,
alcohol and sucrose consumption decrease in CB1 receptor
deleted mice. Neurosci Lett 343:216-218

Osei-Hyiaman D, Depetrillo M, Harvey-White J, Bannon AW,
Cravatt BF, Kuhar MJ et al (2005) Cocaine- and amphetamine-
related transcript is involved in the orexigenic effect of endoge-
nous anandamide. Neuroendocrinology 81:273-282

Solinas M, Goldberg SR (2005) Motivational effects of cannabi-
noids and opioids on food reinforcement depend on simultaneous
activation of cannabinoid and opioid systems. Neuropsychophar-
macology 30:2035-2045

Tucci SA, Rogers EK, Korbonits M, Kirkham TC (2004) The
cannabinoid CBI1 receptor antagonist SR141716 blocks the



126

Mol Neurobiol (2007) 36:113-128

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

orexigenic effects of intrahypothalamic ghrelin. Br J Pharmacol
143:520-523

Cani PD, Montoya ML, Neyrinck AM, Delzenne NM, Lambert DM
(2004) Potential modulation of plasma ghrelin and glucagon-like
peptide-1 by anorexigenic cannabinoid compounds, SR141716A
(rimonabant) and oleoylethanolamide. Br J Nutr 92:757-761
Gary-Bobo M, Elachouri G, Scatton B, Le Fur G, Oury-Donat F,
Bensaid M (2006) The cannabinoid CBI1 receptor antagonist
rimonabant (SR141716) inhibits cell proliferation and increases
markers of adipocyte maturation in cultured mouse 3T3 F442A
preadipocytes. Mol Pharmacol 69:471-478

Matias I, Gonthier MP, Orlando P, Martiadis V, De Petrocellis L,
Cervino C et al (2006) Regulation, function, and dysregulation of
endocannabinoids in models of adipose and beta-pancreatic cells
and in obesity and hyperglycemia. J Clin Endocrinol Metab
91:3171-3180

Perwitz N, Fasshauer M, Klein J (2006) Cannabinoid receptor
signaling directly inhibits thermogenesis and alters expression of
adiponectin and visfatin. Horm Metab Res 38:356-358

Jbilo O, Ravinet-Trillou C, Arnone M, Buisson I, Bribes E,
Peleraux A, et al (2005) The CB1 receptor antagonist rimonabant
reverses the diet-induced obesity phenotype through the regulation
of lipolysis and energy balance. FASEB J 19:1567-1569
Burdyga G, Lal S, Varro A, Dimaline R, Thompson DG, Dockray
GJ (2004) Expression of cannabinoid CB1 receptors by vagal
afferent neurons is inhibited by cholecystokinin. J Neurosci
24:2708-2715

Verty AN, McFarlane JR, McGregor IS, Mallet PE (2004)
Evidence for an interaction between CBI cannabinoid and
oxytocin receptors in food and water intake. Neuropharmacology
47:593-603

Verty AN, McFarlane JR, McGregor IS, Mallet PE (2004)
Evidence for an interaction between CBI cannabinoid and
melanocortin MCR-4 receptors in regulating food intake. Endo-
crinology 145:3224-3231

Hilairet S, Bouaboula M, Carriere D, Le Fur G, Casellas P (2003)
Hypersensitization of the orexin 1 receptor by the CB1 receptor:
evidence for cross-talk blocked by the specific CB1 antagonist,
SR141716. J Biol Chem 278:23731-23737

Di S, Malcher-Lopes R, Halmos KC (2003) Nongenomic glucocor-
ticoid inhibition via endocannabinoid release in the hypothalamus: a
fast feedback mechanism. J Neurosci 23:4850-4857

Hermann H, Lutz B (2005) Coexpression of the cannabinoid
receptor type 1 with the corticotropin-releasing hormone receptor
type 1 in distinct regions of the adult mouse forebrain. Neurosci
Lett 375:13-18

Kirkham TC (2005) Endocannabinoids in the regulation of
appetite and body weight. Behav Pharmacol 16:297-313

Cota D, Tschop MH, Horvath TL, Levine AS (2006) Cannabi-
noids, opioids and eating behavior: the molecular face of
hedonism? Brain Res Rev 51:85-107

Kyrou I, Valsamakis G, Tsigos C (2006) The endocannabinoid
system as a target for the treatment of visceral obesity and
metabolic syndrome. Ann NY Acad Sci 1083:270-305

Berridge KC (1996) Food reward: brain substrates of wanting and
liking. Neurosci Biobehav Rev 20:1-25

Lupica CR, Riegel AC, Hoffman AF (2004) Marijuana and
cannabinoid regulation of brain reward circuits. Br J Pharmacol
143:227-234

Gardner EL (2005) Endocannabinoid signaling system and brain
reward: emphasis on dopamine. Pharmacol Biochem Behav
81:263-284

Verty AN, McGregor IS, Mallet PE (2004) The dopamine receptor
antagonist SCH 23390 attenuates feeding induced by delta9-
tetrahydrocannabinol. Brain Res 1020:188-195

92.

93.

94.

95.

96.

97.

98.

99.

100

101.

102.

103.

104.

105.

106.

107.

108.

109.

Duarte C, Alonso R, Bichet N, Cohen C, Soubrie P, Thiebot MH
(2004) Blockade by the cannabinoid CBI1 receptor antagonist,
rimonabant (SR141716), of the potentiation by quinelorane of
food-primed reinstatement of food-seeking behavior. Neuropsy-
chopharmacology 29:911-920

Freedland CS, Sharpe AL, Samson HH, Porrino LJ (2001) Effects
of SR141716A on ethanol and sucrose self-administration.
Alcohol Clin Exp Res 25:277-282

Higgs S, Williams CM, Kirkham TC (2003) Cannabinoid
influences on palatability: microstructural analysis of sucrose
drinking after delta(9)-tetrahydrocannabinol, anandamide, 2-
arachidonoyl glycerol and SR141716. Psychopharmacology
165:370-377

Koch JE, Matthews SM (2001) Delta9-tetrahydrocannabinol
stimulates palatable food intake in Lewis rats: effects of peripheral
and central administration. Nutr Neurosci 4:179-187
Thormton-Jones ZD, Vickers SP, Clifton PG (2005) The cannabi-
noid CB1 receptor antagonist SR141716A reduces appetitive and
consummatory responses for food. Psychopharmacology
179:452-460

Pavon FJ, Bilbao A, Hernandez-Folgado L, Cippitelli A,
Jagerovic N, Abellan G et al (2006) Antiobesity effects of the
novel in vivo neutral cannabinoid receptor antagonist 5-(4-
chlorophenyl)-1-(2,4-dichlorophenyl)-3-hexyl-1H-1,2,4-triazole-
LH 21. Neuropharmacology 51:358-366

Burdyga G, Lal S, Varro A, Dimaline R, Thompson DG, Dockray
GJ (2004) Expression of cannabinoid CB1 receptors by vagal
afferent neurons is inhibited by cholecystokinin. J Neurosci
24:2708-2715

Matias I, Di Marzo V (2006) Endocannabinoid synthesis and
degradation, and their regulation in the framework of energy
balance. J Endocrinol Investig 29:15-26

. Pagotto U, Vicennati V, Pasquali R (2007) The endocannabinoid

system in the physiopathology of metabolic disorders. Horm Res
67(suppl 1):186—-190

Massa F, Monory K (2006) Endocannabinoids and the gastroin-
testinal tract. J Endocrinol Investig 29(suppl 3):47-57
Lichtman AH, Cravatt BF (2005) Food for thought: endocanna-
binoid modulation of lipogenesis. J Clin Invest 115:1130-1133
Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley
RE, et al (2001) Hypoadiponectinemia in obesity and type 2
diabetes: close association with insulin resistance and hyper-
insulinemia. J Clin Endocrinol Metab 86:1930-1935
Osei-Hyiaman D, DePetrillo M, Pacher P, Liu J, Radaeva S,
Batkai S, et al (2005) Endocannabinoid activation at hepatic CB1
receptors stimulates fatty acid synthesis and contributes to diet-
induced obesity. J Clin Invest 115:1298-1305

Kola B, Hubina E, Tucci SA, Kirkham TC, Garcia EA, Mitchell
SE, et al (2005) Cannabinoids and ghrelin have both central and
peripheral metabolic and cardiac effects via AMP-activated
protein kinase. J Biol Chem 280:25196-25201

Pagotto U, Marsicano G, Cota D, Lutz B, Pasquali R (2006) The
emerging role of the endocannabinoid system in endocrine
regulation and energy balance. Endocr Rev 27:73-100

Liu YL, Connoley IP, Wilson CA, Stock MJ (2005) Effects of
the cannabinoid CB1 receptor antagonist SR141716 on oxygen
consumption and soleus muscle glucose uptake in Lep ob /Lep
ob mice. Int J Obes 29:183-187

Adami M, Frati P, Bertini S, Kulkarni-Narla A, Brown DR, de
Caro G, et al (2002) Gastric antisecretory role and immunohis-
tochemical localization of cannabinoid receptors in the rat
stomach. Br J Pharmacol 135:1598-1606

Storr M, Gaffal E, Saur D, Schusdziarra V, Allescher HD (2002)
Effect of cannabinoids on neural transmission in rat gastric
fundus. Can J Physiol Pharmacol 80:67-76



Mol Neurobiol (2007) 36:113-128

127

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Kaye WH, Devlin B, Barbarich N, Bulik CM, Thornton L,
Bacanu SA, et al (2004) Genetic analysis of bulimia nervosa:
methods and sample description. Int J Eat Disord 35:556-570
Kas MJ, Van Elburg AA, Van Engeland H, Adan RA (2003)
Refinement of behavioural traits in animals for the genetic
dissection of eating disorders. Eur J Pharmacol 480:13-20
Monteleone P, DilLieto A, Castaldo E, Maj M (2004) Leptin
functioning in eating disorders. CNS Spectr 9:523-529
Monteleone P, Martiadis V, Rigamonti AE, Fabrazzo M,
Giordani C, Muller EE, et al (2005) Investigation of peptide
YY and ghrelin responses to a test meal in bulimia nervosa. Biol
Psychiatry 57:926-931

Monteleone P, Fabrazzo M, Tortorella A, Martiadis V, Serritella
C, Maj M (2005) Circulating ghrelin is decreased in non-obese
and obese women with binge eating disorder as well as in obese
non-binge eating women, but not in patients with bulimia
nervosa. Psychoneuroendocrinology 30:243-250

Djurovic M, Pekic S, Petakov M, Damjanovic S, Doknic M,
Dieguez C, et al (2004) Gonadotropin response to clomiphene and
plasma leptin levels in weight recovered but amenorrhoeic
patients with anorexia nervosa. J Endocrinol Investig 27:523-527
Baranowska B, Wolinska-Witort E, Wasilewska-Dziubinska E,
Roguski K, Chmielowska M (2001) Plasma leptin, neuropeptide
Y (NPY) and galanin concentrations in bulimia nervosa and in
anorexia nervosa. Neuro Endocrinol Lett 22:356-358

Housova J, Anderlova K, Krizova J, Haluzikova D, Kremen J,
Kumstyrova T, et al (2005) Serum adiponectin and resistin
concentrations in patients with restrictive and binge/purge form
of anorexia nervosa and bulimia nervosa. J Clin Endocrinol
Metab 90:1366-1370

Misra M, Miller KK, Tsai P, Gallagher K, Lin A, Lee N, et al
(2006) Elevated peptide YY levels in adolescent girls with
anorexia nervosa. J Clin Endocrinol Metab 91:1027-1033

Grice DE, Halmi KA, Fichter MM, Strober M, Woodside DB,
Treasure JT, et al (2002) Evidence for a susceptibility gene for
anorexia nervosa on chromosome 1. Am J Hum Genet 70:787-792
Chiang KP, Gerber AL, Sipe JC, Cravatt BF (2004) Reduced
cellular expression and activity of the P129T mutant of human
fatty acid amide hydrolase: evidence for a link between defects
in the endocannabinoid system and problem drug use. Hum Mol
Genet 13:2113-2119

Sipe JC, Chiang K, Gerber AL, Beutler E, Cravatt BF (2002) A
missense mutation in human fatty acid amide hydrolase
associated with problem drug use. Proc Natl Acad Sci U S A
99:8394-8399

Cravatt BF, Lichtman AH (2002) The enzymatic inactivation of
the fatty acid amide class of signaling lipids. Chem Phys Lipids
121:135-148

Arias F, Ampuero I, Sagredo O, Maestro B, Almodovar F,
Sanchez S, et al (2007) Lack of association between poly-
morphisms in cannabinoid receptor gene (CNR1) and fatty acid
amide hydroxylase gene (FAAH) and eating disorders in a
preliminary study. Psychiatr Genet (in press)

Siegfried Z, Kanyas K, Latzer Y, Karni O, Bloch M, Lerer B, et
al (2004) Association study of cannabinoid receptor gene
(CNR1) alleles and anorexia nervosa: differences between
restricting and binging/purging subtypes. Am J Med Genet B
Neuropsychiatr Genet 125:126-130

Monteleone P, Matias I, Martiadis V, De Petrocellis L, Maj M, Di
Marzo V (2005) Blood levels of the endocannabinoid anandamide
are increased in anorexia nervosa and in binge-eating disorder, but
not in bulimia nervosa. Neuropsychopharmacology 30:1216-1221
Gross H, Ebert MH, Faden VB, Goldberg SC, Kaye WH, Caine ED,
et al (1983) A double-blind trial of delta 9-tetrahydrocannabinol in
primary anorexia nervosa. J Clin Psychopharmacol 3:165-171

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Hedley AA, Ogden CL, Johnson CL, Carroll MD, Curtin LR,
Flegal KM (2004) Prevalence of overweight and obesity among
US children, adolescents, and adults, 1999-2002. JAMA
291:2847-2850

Bray GA, Paeratakul S, Popkin BM (2004) Dietary fat and
obesity: a review of animal, clinical and epidemiological studies.
Physiol Behav 83:549-555

Marti A, Moreno-Aliaga MJ, Hebebrand J, Martinez JA (2004)
Genes, lifestyles and obesity. Int J Obes Relat Metab Disord
28(suppl 3):S29-36

Bulik CM, Sullivan PF, Kendler KS (2003) Genetic and
environmental contributions to obesity and binge eating. Int J
Eat Disord 33:293-298

Schousboe K, Visscher PM, Erbas B, Kyvik KO, Hopper JL,
Henriksen JE, et al (2004) Twin study of genetic and
environmental influences on adult body size, shape, and
composition. Int J Obes Relat Metab Disord 28:39-48

Boutin P, Froguel P (2001) Genetics of human obesity. Best
Pract Res Clin Endocrinol Metab 15:391-404

Bell CG, Walley AJ, Froguel P (2005) The genetics of human
obesity. Nat Rev Genet 6:221-234

Cota D, Woods SC (2005) The role of the endocannabinoid
system in the regulation of energy homeostasis. Obesity and
nutrition. Curr Opin Endocrinol Diabetes 12:338-351

Matias I, Di Marzo V (2007) Endocannabinoids and the control
of energy balance. Trends Endocrinol Metab 18:27-37

Loos RJ, Katzmarzyk PT, Rao DC, Rice T, Leon AS, Skinner JS,
et al, HERITAGE Family Study. (2003) Genome-wide linkage
scan for the metabolic syndrome in the HERITAGE Family
Study. J Clin Endocrinol Metab 88:5935-5943

Sipe JC, Waalen J, Gerber A, Beutler E (2005) Overweight and
obesity associated with a missense polymorphism in fatty acid
amide hydrolase (FAAH). Int J Obes 29:755-759

Comings DE, Muhleman D, Gade R, Johnson P, Verde R,
Saucier G, et al (1997) Cannabinoid receptor gene (CNRI):
association with i.v. drug use. Mol Psychiatry 2:161-168
Ampuero I (2005) Analisis molecular de los genes del sistema
endocannabinoide CNR1 y FAAH en dos condiciones psiquiatr-
icas: alcoholismo y depresion comorbida a la enfermedad de
Parkinson. Doctoral thesis, Universidad Complutense, Madrid
Dong C, Li WD, Geller F, Lei L, Li D, Gorlova OY, et al (2005)
Possible genomic imprinting of three human obesity-related
genetic loci. Am J Hum Genet 76:427-437

Gazzerro P, Caruso MG, Notarnicola M, Misciagna G, Guerra V,
Laezza C, et al (2007) Association between cannabinoid type-1
receptor polymorphism and body mass index in a southern
Italian population. Int J Obes (Lond) 31(6):908-912

Engeli S, Bohnke J, Feldpausch M, Gorzelniak K, Janke J,
Batkai S, et al (2005) Activation of the peripheral endocanna-
binoid system in human obesity. Diabetes 54:2838-2843
Bluher M, Engeli S, Kloting N, Berndt J, Fasshauer M, Batkai S,
et al (2006) Dysregulation of the peripheral and adipose tissue
endocannabinoid system in human abdominal obesity. Diabetes
55:3053-3060

Cote M, Matias I, Lemieux I, Petrosino S, Almeras N, Despres
JP, et al (2007) Circulating endocannabinoid levels, abdominal
adiposity and related cardiometabolic risk factors in obese men.
Int J Obes (Lond) 31:692-699

Boyd ST, Fremming BA (2005) Rimonabant-a selective CBI
antagonist. Ann Pharmacother 39:684—-690

Van Gaal LF, Rissanen AM, Scheen AJ, Ziegler O, Rossner S,
RIO-Europe Study Group. (2005) Effects of the cannabinoid-1
receptor blocker rimonabant on weight reduction and cardiovas-
cular risk factors in overweight patients: 1-year experience from
the RIO-Europe study. Lancet 365:1389—1397



128

Mol Neurobiol (2007) 36:113-128

147.

148.

149.

150.

Despres JP, Golay A, Sjostrom L, Rimonabant in Obesity-Lipids
Study Group. (2005) Effects of rimonabant on metabolic risk factors in
overweight patients with dyslipidemia. N Engl J Med 353:2121-2134
Pi-Sunyer FX, Aronne LJ, Heshmati HM, Devin J, Rosenstock J,
RIO-North America Study Group. (2006) Effect of rimonabant, a
cannabinoid-1 receptor blocker, on weight and cardiometabolic
risk factors in overweight or obese patients: RIO-North America:
a randomized controlled trial. JAMA 295:761-775

Scheen AJ, Finer N, Hollander P, Jensen MD, Van Gaal LF, RIO-
Diabetes Study Group. (2006) Efficacy and tolerability of
rimonabant in overweight or obese patients with type 2 diabetes:
a randomised controlled study. Lancet 368:1660—1672

Li Z, Maglione M, Tu W, Mojica W, Arterburn D, Shugarman
LR, et al (2005) Meta-analysis: pharmacologic treatment of
obesity. Ann Intern Med 142:532-546

151.

152.

153.

154.

Arias F, Sanchez S, Gorgojo JJ, Almoévar F, Fernandez S,
Llorente F (2006) Diferencias clinicas entre pacientes obesos
morbidos con y sin atracones. Endocrinol Nutr 53:440-447
Pagotto U, Pasquali R (2005) Fighting obesity and associated
risk factors by antagonising cannabinoid type 1 receptors. Lancet
365:1363-1364

McLaughlin PJ, Winston KM, Limebeer CL, Parker LA,
Makriyannis A, Salamone JD (2005) The cannabinoid CBI
antagonist AM 251 produces food avoidance and behaviors
associated with nausea but does not impair feeding efficiency in
rats. Psychopharmacology 180:286-293

De Vry J, Schreiber R, Eckel G, Jentzsch KR (2004) Behavioral
mechanisms underlying inhibition of food-maintained respond-
ing by the cannabinoid receptor antagonist/inverse agonist
SR141716A. Eur J Pharmacol 483:55-63



	Cannabinoids in Eating Disorders and Obesity
	Abstract
	Introduction
	Basic Neuroanatomy of Feeding Regulation
	Cannabinoid Agonists Increase Appetite and Weight in Experimental Animals
	Centrally and Peripherally Administered Cannabinoid Antagonists Reduce Food Intake and Weight in Animals
	Tolerance to Anorexigenic Effects of Cannabinoid Antagonists but Not to Metabolic Effects. Possibility of Appetite Rebound after Withdrawal
	Endocannabinoid Levels Vary Depending on Food Intake Status
	Effect of Cannabinoid Antagonists in Animal Models of Obesity
	Animals Lacking CB1 Receptor Gene Are Leaner and More Resistant to Obesity
	Studies in Humans: Marihuana Consumption Increases Appetite
	Cannabis Withdrawal Causes Anorexia
	Cannabinoid System Is a Crucial Element in the Mechanisms of Food Intake Regulation
	Cannabinoid System Modulates Reinforcing Effects of Food
	Cannabinoid System Peripherally Regulates Energy Metabolism
	ECS Regulates Lipid Metabolism in Adipose Tissue
	ECS Modulates Liver Lipid Metabolism
	ECS Modulates Muscle Metabolism
	CB1 Receptor and FAAH Are Found in Human Gastric Mucosa

	Cannabinoid System and Eating Disorders
	Genetic Studies on ECS in ED
	Endocannabinoid Levels in ED
	Use of Cannabinoid Agonists in ED

	Cannabinoid System and Obesity
	Genetic Studies on ECS in Obesity
	Peripheral Tissue Endocannabinoid Levels in Obesity
	Cannabinoid System and Course of Obesity
	Use of Cannabinoid Antagonists in Obesity

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


