Feeding Disorders and Obesity

Cristina Cervino, Valentina Vicennati, Renato Pasquali, and Uberto Pagotto

Contents
L. IOOTUSTION v, srnrimmesmimsssnocsimmmoniomts i srvies woin oo i A Foacksa s eare s o s s R SR 374
2 Historical Backerounl: civ e mains carbrimm s i e b ras s e i ey e eSS T b b e e 375
3 Modes of Action by which Endocannabinoids
PIOMGLE ENSTEY SIOTAZE 1 orecossrncanmmmmm e simsmessm s s s sraeeiras s sos ey 375
3.1 Endocannabinoids Promote Energy Storage in the Brain ........................... 375
3.2 Endocannabinoids Promote Energy Storage
at a:Periphera] Eevel conaiimamiiiamaamissmmiminiimarannmiaamn3Te
4 Obesity as a Disease Model of Endocannabinoid Overactivation
5 Endocannabinoids and Central Eating Disorders ..........oooiiiiiiniiiiieienniinnen.. £
6 How CBI Receptor Antagonism May Act Against Obesity and Metabolic Complications . 379
7 Pharmacological Implications in Humans .........ooiiiiiiiiiiiieiiianiieaeens 381
TI  BRIMOmaDEGL s e e e P R I R A R R AR A 381
T2 TATANABBHL o0 imeioss s oo s a s s ormis w0 o880 5 s a R e N0 Foa S S 382
8 Conelusions: . vt iinms it s e S e N e a8 2
TRBTEIRIICESE ciiarion soaia st o s R SR e B R S B S B i T A i e S 383

Abstract The ability of the endocannabinoid (EC) system to control appetite, food
intake and energy balance has recently received great attention, particularly in the
light of the different modes of action underlying these functions. The EC system
modulates rewarding properties of food by acting at specific mesolimbic areas in
the brain. In the hypothalamus, cannabinoid type 1 receptors (CB1) and ECs are
integrated components of the networks controlling appetite and food intake. Intere-
stingly, the EC system has recently been shown to control several metabolic
functions by acting on peripheral tissues, such as adipocytes. hepatocytes, the
skeletal muscles and the endocrine pancreas. The relevance of the system is further
strengthened by the notion that visceral obesity seems to be a condition in which an
overactivation of the EC system occurs; therefore, drugs interfering with this
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overactivation by blocking CB1 receptors are considered valuable candidates for
the treatment of obesity and related cardiometabolic risk factors.

Keywords Adipocyte ® Cannabinoid type 1 receptor ® Endocannabinoids e
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Abbreviations

AEA Anandamide

AMPK 5’-AMP-activated protein kinase

AN Anorexia nervosa

2AG 2-arachidonoyl-glycerol

BED Binge-eating disorder

BN Bulimia nervosa

CART Cocaine-amphetamine-related transcript
CBl1 Cannabinoid receptor type 1

CRH Corticotropin releasing hormone
GABA Gamma-aminobutyric acid

EC Endocannabinoid

HDL High-density lipoprotein

HOMA-IR Homeostasis model assessment-insulin resistance
LDL Low-density lipoprotein

MCH Melanocortin concentrating hormone
NPY Neuropeptide Y

PPAR Peroxisome proliferator-activated receptor
PVN Paraventricular nucleus

RIO Rimonabant in obesity

THC A°-Tetrahydrocannabinol

1 Introduction

In physiology, the notion of the “thrifty genotype”, first proposed by Neel (1962), is
well known. He argued that certain human genotypes were selected because of their
selective advantage over the less “thrifty” ones: in particular the “thrifty genotype”
was described as “being exceptionally efficient in the intake and/or utilisation of
food”. Therefore, during famines, individuals with the thrifty genotype would have
an advantage because they relied on more consistent, previously stored energy
to maintain homeostasis. In recent years, several genes or systems have been
described as members of the family of thrifty genes.
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In our opinion, the genetic machinery comprising EC signalling should also be
included in this family.

2 Historical Background

Marijuana was used for the treatment of appetite loss and to overcome the sensation
of hunger in ancient Indian medical practice, and this represents the first evidence
of a therapeutic role of the EC system in feeding disorders (Peters and Nahas 1999).
However, it was only with the discovery of A’-tetrahydrocannabinol (THC), the
main psychoactive component of marijuana (Gaoni and Mechoulam 1964), and,
more importantly, with the identification of the endogenous signalling molecules
mimicking the marijuana effect (Piomelli 2003), the so-called endocannabinoids
(ECs) such as anandamide (AEA) and 2-arachidonoyl glycerol (2AG), that the
molecular basis of the orexigenic stimulus started to become clear.

3 Modes of Action by which Endocannabinoids
Promote Energy Storage

3.1 Endocannabinoids Promote Energy Storage in the Brain

By analogy with the hyperphagic effect provided by THC, ECs have also been
shown to induce an orexigenic stimulus in a dose-dependent manner when injected
into the nucleus accumbens or hypothalamus (Williams and Kirkham 2002). Simi-
lar findings were derived from experiments in which the first selective CB1 receptor
antagonist, rimonabant, was shown to decrease food intake (Simiand et al. 1998).

ECs are synthesised in the areas of the brain involved in the motivation of eating
(Cota et al. 2006) in relation to the feeding state of animals, being increased during
inter-meal times, reaching a critical level in order to trigger feeding, and rapidly
reducing when food is accessed (Hanus et al. 2003). In rodent hypothalamic brain
areas, levels of ECs have been shown to increase during fasting condition and to
decrease as the animals are re-fed, returning to normal values in satiated animals
(Kirkham et al. 2002).

ECs seem to interact with many different hypothalamic neuropeptides to gener-
ate, as a final effect, a strong impulse for food intake (Pagotto et al. 2006). They
positively modulate the orexigenic signals provided by neuropeptide Y (NPY)
(Gamber et al. 2005), but, on the other hand, they inhibit the anorexigenic action
of cocaine-amphetamine-related transcript (CART) (Osei-Hyiaman et al. 2005b).
In the paraventricular nucleus (PVN) of the hypothalamus they interact with
corticotropin releasing hormone (CRH) (Cota et al. 2003; Hermann and Lutz
2005). Post-synaptically released ECs from the parvocellular neurons have been
shown to decrease glutamatergic transmission onto CRH-releasing neurons, acting
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at pre-synaptic CB1 receptors, finally resulting in an inhibition of CRH release (Di
et al. 2003). This mechanism is stimulated by a non-genomic effect of glucocorti-
coids, suggesting that the well-known effect of glucocorticoids on food intake may
partly be caused by the activation of ECs (Di et al. 2003).

A recent study has demonstrated that CB1 receptor stimulation strongly aug-
ments the orexin-A-stimulated intracellular pathway, and that this effect can be
blocked by the CB1 receptor antagonist rimonabant, suggesting a positive orexi-
genic role for CB1 in this neural population (Hilairet et al. 2003). Considering the
fact that these neurones project to the ventral tegmental area, it is possible that the
lateral hypothalamus, and the ECs acting there, represent the functional link
between the hypothalamic circuitry controlling consummatory behaviour and lim-
bic structures involved in food reward (Yo et al. 2005). The interactions between
ECs, leptin and the orexigenic melanocortin-concentrating hormone (MCH) within
the limbic system have recently been characterised in detail. Whereas MCH
neurones are inhibited by gamma-aminobutyric acid (GABA)-ergic inputs from
the limbic system (Yo et al. 2005), ECs act to reduce GABA release and, thus,
might stimulate the excitability of MCH neurones, leading to an increase in food
intake. However, this effect appears to be blocked in these neurones via a leptin-
mediated inhibition of voltage-gated Ca®* currents, potentially leading to a reduced
synthesis and release of ECs and a subsequent reduced excitability of MHC
neurones — the overall effect being a reduced orexigenic stimulus (Yo et al. 2005).

The orexigenic cross-talk between EC and ghrelin signalling represents a further
intriguing hypothalamic interaction not yet fully explored. Ghrelin stimulation is
able to increase hypothalamic EC content, leading, via CB1 receptor activation, to
an increase of 5’-AMP-activated protein kinase (AMPK) (Kola et al. 2005). This
effect may, in turn, promote appetite (Tucci et al. 2004; Kola et al 2008).

3.2 Endocannabinoids Promote Energy Storage
at a Peripheral Level

3.2.1 Adipose Tissue

A key discovery in the emergence of a role of the ECs in the peripheral modulation of
metabolic processes was the finding reported independently by two research groups
of CBI receptor expression in rodent white adipocytes (Bensaid et al. 2003; Cota
et al. 2003). After these preliminary observations, further studies have shed light on
the role of ECs on adipose tissue. Now it is widely accepted that, as in the brain, CB1
activation in the adipose tissue promotes energy storage. ECs stimulate growth and
differentiation of pre-adipocytes to the fully mature adipocytes (Gari-Bobo et al.
2006; Bellocchio et al. 2008; Bouaboula et al. 2005; Pagano et al. 2007; Matias et al.
2006) via cross-talk with the peroxisome proliferator-activating receptor-y (PPAR-v)
(Matias et al. 2006). By inhibiting lipolysis on the one hand (Gasperi et al. 2007; Jbilo
et al. 2005), and activating lipoprotein lipase on the other (Cota et al. 2003), and by
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stimulating de novo lipogenesis, ECs are able to trigger fat accumulation (Osei-
Hyiaman et al. 2005a). ECs have also been reported to increase insulin signalling and
glucose uptake, to further promote energy storage (Pagano et al. 2007).

Furthermore, CB1 receptor activation modulates important products of adipo-
cyte endocrine activity such as adiponectin and visfatin (Bensaid et al. 2003; Matias
et al. 2006; Perwitz et al. 2006). Adiponectin is a circulating adipokine that plays a
crucial role in fat and glucose metabolism, and obesity and type 2 diabetes are
characterised by reduced adiponectin levels in tissues and blood (Kadowaki and
Yamamuchi 2005). Visfatin is an insulin-mimetic growth factor, levels of which are
increased in obesity and type 2 diabetes (Tilg and Moschen 2008). In this scenario,
the CB1 receptor agonist WIN55,212 has been shown to reduce adiponectin and
increase visfatin expression in cultured adipocytes (Perwitz et al. 2006), whereas
rimonabant is able to increase adiponectin expression and release from adipocytes
in vitro (Bensaid et al. 2003; Gari-Bobo et al. 2006; Matias et al. 2006).

3.2.2 Liver

The CB1 receptor has also been identified in the liver (Osei-Hyiaman et al. 2005a). Its
expression is very low in normal hepatocytes, but it is raised in obesity. ECs are able
to increase de novo lipogenesis and the expression of the transcription factor sterol
regulatory element-binding protein-1c and its targets acetyl-coenzyme A carboxyl-
ase-1 and fatty acid synthase; this occurs particularly in association with a high fat
diet (Osei-Hyiaman et al., 2005). Intriguingly, mice with selective deletion of CB1
receptors from their hepatocytes develop obesity on a high fat diet, but are protected
from diet-induced hepatic steatosis, insulin and leptin resistance and dyslipidaemia
(Osei-Hyiaman et al. 2008). All of these findings clearly highlight the role of hepatic
CBI1 receptors in the regulation of metabolism (Pacher et al. 2006).

3.2.3 Skeletal Muscle

The CB1 receptor is also expressed in skeletal muscles such as the soleus muscle
(Pagotto et al. 2006). ECs decrease mRNA expression of several enzymes involved
in muscle oxidation, such as AMPK-a1 and -o2, pyruvate dehydrogenase kinase-4,
and PPAR-vy coactivator-1 in cultured myotube cells derived from lean and obese
subjects. These effects could be reversed by CB1 receptor antagonist treatment,
indicating a crucial negative role of ECs on fatty acid and glucose oxidation in
skeletal muscle (Liu et al. 2005; Cavuoto et al. 2007).

3.2.4 Endocrine Pancreas

It is only recently that both CB1 and CB2 receptors have been demonstrated in the
endocrine pancreas. The CB1 receptor is mainly present in glucagon-containing
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a-cells, while the CB2 receptor has been detected in both a- and B-cells (Juan-Pico
et al. 2006; Bermudez-Silva et al. 2008; Starowicz et al. 2008). The stimulation of
CB1 receptors by ECs seems to induce glucose intolerance in rats, and this effect
can be blocked by AM251, a specific CB1 receptor antagonist. The mechanism
underlying EC-mediated glucose intolerance is probably a reduction of glucose-
dependent insulin secretion (Bermudez-Silva et al. 2006).

4 Obesity as a Disease Model of Endocannabinoid
Overactivation

Recent data, obtained from both animal and human studies, have identified a tight
association between the development of obesity and a simultaneous over-activation
of ECs, expressed as raised EC production or increased CB1 receptor expression
(Matias and Di Marzo 2007). Di Marzo and Kunos were the first to illustrate such an
association. Models of obesity such as obob and db/db mice, characterised by an
impairment of leptinergic signalling, have been shown to have increased (patho-
logical) levels of hypothalamic ECs (Di Marzo et al. 2001), and a single intravenous
injection of leptin in these animals was able to reduce the overproduction of ECs
(Di Marzo et al. 2001).

In wild-type mice on a high fat diet, an increase in hepatic anandamide (AEA)
associated with an increased density of CB1 receptors has been observed (Osei-
Hyiaman et al. 2005a). The ECs might, therefore, play a role in several hepatic
diseases in which steatotic processes progressively replace the normal liver struc-
ture. The high fat diet-induced transformation in hepato-steatosis has not been
observed in mice pre-treated with rimonabant or in CB1 receptor knockout mice
(Osei-Hyiaman et al. 2005a).

Another target of ECs in obesity may be the skeletal muscle. In fact, as
mentioned above, the CB1 receptor is present in murine skeletal muscle and its
expression is increased in diet-induced obese mice (Pagotto et al. 2006).

Regarding the endocrine pancreas, it was recently shown that cultured B-cells,
under conditions mimicking hyperglycaemia, expressed elevated levels of both
AEA and 2AG (Matias et al. 2006), suggesting that, under these conditions, such
as during pre-diabetes, type 2 diabetes and obesity, EC production and/or degrada-
tion in B-cells, instead of remaining under insulin control, becomes dysregulated.

An increasing body of evidence suggests that an up-regulation of EC signalling
may also occur in overweight, obese and hyperglycaemic patients. In obese women
without comorbidities, blood levels of either AEA alone or both AEA and 2AG
were significantly higher compared with lean subjects (Engeli et al. 2005). Signifi-
cantly higher levels of 2AG, but not AEA, have been detected in the visceral, but
not subcutaneous, fat of obese patients (Matias et al. 2006). Interestingly, increased
levels of haematic circulating 2AG are present in visceral obese human patients
when compared to subcutaneous obese and lean controls (Bluher et al. 2006). The
increase in 2AG was also shown to correlate positively with some important
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cardiometabolic risk factors, such as body mass index, waist circumference, fasting
plasma triglyceride and insulin levels, low high-density lipoprotein (HDL) choles-
terol and adiponectin levels (Cote et al. 2007). However, whether 2AG and/or AEA
are important in both obesity and related comorbidities and whether EC over-
activation is the effective cause or just a simple consequence of such diseases
still remain matters of debate.

5 Endocannabinoids and Central Eating Disorders

There are only a few reports concerning the putative association between alterations
in the EC system and eating disorders such as anorexia nervosa. In a recent
publication, Monteleone and colleagues reported measurements of plasma levels
of AEA, 2AG, and leptin in women with anorexia nervosa (AN), with bulimia
nervosa (BN), with binge-eating disorder (BED), and in a group of healthy women.
Plasma levels of AEA were significantly enhanced in both anorexic and BED
women, but not in bulimic patients. No significant changes occurred in the plasma
levels of 2AG in any of the patient groups. Moreover, circulating AEA levels were
significantly and inversely correlated with plasma leptin concentrations in both
healthy controls and anorexic women. These findings show a derangement in the
production of AEA in drug-free symptomatic women with AN or BED. Although the
pathophysiological significance of this alteration awaits further clarification, it sug-
gests a possible involvement of AEA in the mediation of the rewarding aspects of the
aberrant eating behaviours occurring in AN and BED (Monteleone et al. 2005).

6 How CB1 Receptor Antagonism May Act Against
Obesity and Metabolic Complications

A significant body of evidence has recently accumulated suggesting that CB1
blockade may display favourable metabolic effects beyond weight loss alone. In
normal rats and in diet-induced obese mice chronically treated with different CB1
receptor antagonists, tolerance to the anorectic effect of the drugs developed in a
few days, whereas the reduction of body weight was maintained throughout the
treatment period (Colombo et al. 1998; Ravinet Trillou et al. 2003; Hildebrandt
et al. 2003). Additional evidence in favour of a peripheral mechanism of action of
CBI1 blockade came from the CB1 knockout mouse model. These mice showed a
significant weight deficit compared with their wild-type littermates (Cota et al.
2003; Osei-Hyiaman et al. 2005a). Pair feeding studies showed that the weight
deficit was caused by a reduction in food intake only in young animals, whereas in
adult animals it was partially independent of caloric intake (Cota et al. 2003),
similar to the dissociation between effects of CB1 receptor antagonists on food
intake and body weight. Several studies have been performed in both genetically
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obese and diet-induced obese mouse models searching for non-appetite-related
pathways involved in CBI1 receptor antagonist-mediated body weight loss.
Dernbach et al. (2005) was the first to note that, in addition to the well-known
effect on food intake, administration of rimonabant for 10 days to obese rats
induced an increase in energy expenditure, whilst, in the pair-feeding control
group, the lowered food intake led to an expected decrease in the same parameter.
The low respiratory quotient observed in the rimonabant-treated group led the
authors to speculate that a shift to an increase in fat oxidation could be one of the
possible mechanisms by which the pharmacological blockade of the CB1 receptor
produced such an effect.

Taking advantage of micro-array analysis, Jbilo et al. (2005) were able to screen
the expression of a wide panel of genes in adipocytes from diet-induced obese mice
after long-term treatment with rimonabant. They found that the transcriptional
patterns of treated obese mice were similar to those obtained in the CB1 receptor
knockout mice fed with a high-fat diet, supporting a role for CB1 receptors in this
process. Functional analysis of these gene modulations indicated that the drug-
induced reduction of adipose mass was due to increased energy expenditure, mainly
through futile cycling (calcium and substrate) (Jbilo et al. 2005).

Several reports have documented a direct role of ECs in modulation of proteins
involved in thermogenesis. It has also recently been shown that treatment of
differentiated brown adipocytes with a CB1 receptor agonist decreased the expres-
sion of uncoupling protein 1 (Perwitz et al. 2006). The contribution of brown
adipose tissue-mediated thermogenesis in the process of energy expenditure in
small animals such as rodents is well established, whereas the role of brown adipose
tissue is less clear in humans. However, it has been suggested that several physio-
logical and pharmacological stimuli may be capable of trans-differentiating white
adipocytes into brown adipocytes in humans (Klaus 2004). One could, therefore,
speculate that CB1 receptor antagonists may increase numbers of brown adipo-
cytes, leading to an eventual increase in energy expenditure. On the other hand, we
recently showed that CB1 receptor blockade provides a potent stimulus to mito-
chondriogenesis in adipose tissue contributing further to an increase in energy
expenditure (Tedesco et al. 2008).

As described above, CB1 receptor blockade may also affect peripheral tissues
via elevation of adiponectin levels (Bensaid et al. 2003; Perwitz et al. 2006; Matias
et al. 2006). Adiponectin reduces serum hepatic gluconeogenesis and stimulates
fatty acid oxidation in skeletal muscles. Adiponectin stimulates skeletal muscle
glucose uptake by increasing insulin receptor tyrosine kinase activity, p38 mitogen-
activated protein kinase, and the tyrosine phosphorylation of insulin receptor
substrate-1. Insulin resistance in skeletal muscle and in the hepatic parenchyma
develops as excess triglycerides accumulate; thus, the improvement in insulin
action induced by adiponectin may promote clearance of intracellular lipid stores
in these tissues. Adiponectin also promotes mitochondrial fatty acid oxidation and,
consequently, a reduction in circulating levels of free fatty acids. High concentra-
tions of free fatty acids and insulin resistance associated with visceral obesity are
highly detrimental because they inhibit lipoprotein lipase, the enzyme responsible
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for hydrolysing triglycerides in very-low-density lipoprotein and chylomicrons.
Low lipoprotein lipase activity leads to an accumulation of triglycerides and
lipoprotein remnant particles that are highly atherogenic. Under these circum-
stances, HDL cholesterol decreases significantly. Adiponectin also favourably
affects this metabolic scenario by increasing PPAR-y activity in skeletal muscle
and liver, leading to an increased synthesis of HDL cholesterol through increased
hepatic expression of apoproteins A-I and A-II (Kadowaki and Yamamuchi 2005;
Guerre-Millo 2008).

7 Pharmacological Implications in Humans

7.1 Rimonabant

Rimonabant has been evaluated in four multicenter, randomised, placebo-
controlled clinical trials: rimonabant in obesity (RIO) — Europe, RIO — North
America, RIO — lipids, and RIO — diabetes (Van Gaal et al. 2005; Despres et al.
2005; Pi-Sunyer et al. 2006; Scheen et al. 2006). Patients in these studies were
randomised to rimonabant 20 mg/day, rimonabant 5 mg/day, or placebo, given
in combination with a hypocaloric diet. The patients were additionally advised to
increase their physical activity. In all four studies, treatment with rimonabant
(20 mg/day) resulted in significantly greater decreases in body weight and waist
circumference than did treatment with placebo.

Treatment with rimonabant (20 mg/day) also produced improvements in a
number of cardiovascular and metabolic risk factors that were, in most studies,
significantly greater than those achieved with placebo. These included increases in
HDL cholesterol, and decreases in triglycerides, low-density lipoprotein (LDL)
cholesterol-HDL cholesterol ratio, total cholesterol-HDL cholesterol ratio, fasting
glucose, fasting insulin, and homeostasis model assessment-insulin resistance
(HOMA-IR).

Additional treatment effects were demonstrated in the RIO-Lipids study, which
focused on patients with untreated dyslipidaemia and a high risk of cardiovascular
disease (Després et al. 2005). Included in these effects were a shift in the distribu-
tion of LDL particles towards a larger size and a decrease in the proportion of small
LDL particles in the rimonabant (20 mg/day) group compared with the placebo
group (P <0.001 and P=0.002, respectively), Also, compared with placebo, rimo-
nabant resulted in greater decreases in plasma levels of leptin and C-reactive
protein (P<0.001 and P <0.02), and greater increases in plasma adiponectin
(P <0.001). This latter effect on adiponectin nicely confirmed the initial findings
from in vitro and animal studies.

Results of the RIO-Diabetes (Scheen et al. 2006) and Serenade (Rosenstock et al.
2008) studies extended the findings with rimonabant in overweight or obese non-
diabetic patients to overweight or obese patients with type 2 diabetes that was
inadequately controlled by metformin or sulphonylureas, or who were naive-treated.
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HbA ¢ levels were significantly lower in the rimonabant-treated group than in
the placebo group in both studies.

It is important to note that the changes in the levels of HDL cholesterol,
triglycerides, fasting insulin, HOMA-IR, HbA ¢, and adiponectin in the various
studies exceeded those expected for weight loss alone. This is consistent with the
direct peripheral metabolic effects of rimonabant described earlier.

Regarding the safety of rimonabant for the treatment of obesity, this agent was
generally well tolerated in the four randomised, placebo-controlled studies, with the
most common adverse events including gastrointestinal disturbances, upper respi-
ratory tract infections, and dizziness. Results of a meta-analysis based on these
trials indicated that patients receiving rimonabant, compared with those taking
placebo, were 2.5 times more likely to discontinue treatment because of depressive
mood disorders and three times more likely to discontinue because of anxiety
(Christensen et al. 2007). According to data presented by the manufacturer at an
advisory committee meeting of the US Food and Drug Administration (FDA) in
June 2007, rates of depression and anxiety for 2742 patients who received rimona-
bant 20 mg were 3.9% and 5.9%, respectively, compared with 1.7 and 2.1% for
2474 patients who received placebo. Definite suicidal behaviour/ideation, while
uncommon, was higher among 3081 patients who received rimonabant (20 mg/day)
than among 2214 who received placebo (0.65% vs. 0.36%) (Chew 2007).

7.2 Taranabant

Taranabant, another CB1 receptor inverse agonist, has been studied in a 2-year,
phase 3 trial scheduled for completion in the last quarter of 2007. Interim results for
this trial are not available. However, a recent shorter clinical trial in which tarana-
bant was tested in humans confirmed the efficacy of CB1 receptor inhibitors in
reducing body weight and ameliorating several metabolic conditions. A single-dose
administration of 12 mg taranabant caused a small but significant increase in resting
energy expenditure and fat oxidation (Addy et al. 2008). The authors concluded that
the modest increases in energy expenditure may, nevertheless, exert profound
effects on body weight over a period of months. On the other hand, in the same
study, Addy et al. were not able to define what proportion of taranabant’s effects on
resting energy expenditure were mediated centrally via activation of the autonomic
nervous system or peripherally by engagement of CB1 receptor distributed in
peripheral organs involved in metabolic functions (Addy et al. 2008).

8 Conclusions

The EC system is now recognised as a crucial player in the control of energy
balance. It is clear that it influences a large variety of peripheral organs to modulate
metabolic processes. Detailed characterisation of each individual contribution and
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the reciprocal interactions among the organs is necessary in future studies to fully
understand the physiological and pathophysiological roles of the EC system. The
system appears to be over-activated in conditions such as obesity, and pharmaco-
logical blockade of CB1 receptors normalises the imbalance providing an attractive
strategy to tackle obesity and associated comorbidities.
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