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Abstract: Recent findings in animals and in humans have shown that cannabinoid type 1 receptor antagonists are suitable 
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INTRODUCTION 

 Obesity has increased at a striking rate over the last three 
decades in the Western countries. This negative trend dra-
matically impacts on physical health and on the relative car-
diovascular risk. In fact, particularly when judged at visceral 
level, obesity is strongly associated with an increased risk of 
life-threatening conditions such as diabetes, arterial hyper-
tension, dyslipidemia and cardiovascular diseases [1]. Waist 
circumference, both in women and men, provides a conven-
ient measure of visceral obesity. Therefore, waist circumfer-
ence reduction should be the target of clinical intervention in 
obese patients [2]. Although lifestyle adjustments, such as 
nutritional changes and physical activity, are commonly 
thought of as the milestones of the treatment of obesity, it is 
now evident that it is necessary to support obese patients 
with a pharmacological approach for almost two reasons: to 
further reduce the metabolic risk profile and to avoid regain-
ing lost weight.  

 Among the various pharmacological targets explored in 
recent years, the endocannabinoid system nowadays consti-
tutes the most promising and the most intriguing one pro-
posed so far.  

1. THE ENDOCANNABINOID SYSTEM 

 Cannabinoid research received an important boost by the 
identification of the chemical structure of 

9
-tetrahydrocan-

nabinol (THC) (Fig. (1)), the best characterized cannabinoid 
component of Cannabis Sativa, among several other can-
nabinoids present in the plant [3]. The second remarkable 
success in this field of research was provided by the discov-
ery of the CB1 receptor, the binding site of exogenous can-
nabinoids and of the synthetic analogs synthesized thereafter 
[4]. 

 Together with the characterization of another cannabi-
noid receptor named CB2 receptor, anandamide (N-arachi- 
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donoylethanolamine) (AEA) [5] and 2-arachidonoylglycerol 
(2-AG) [6, 7], the first endogenous ligands for CB1 and CB2 
receptors, derivatives of arachidonic acid, were identified 
(Fig. (1)). Over the last few years, several other derivatives 
of long-chain polyunsaturated fatty acids have been de-
scribed [8-10]; they appear to act, at least in part, through 
CB1 and CB2 receptors. Their functions are, however, less 
characterized when compared to AEA and 2-AG.  

 Although the CB1 receptor was originally described as 
the “brain type”, because it is the most abundant G protein-
coupled receptor in the central nervous system of mammali-
ans [11], recent studies highlighted its presence in various 
peripheral organs including those involved in the control of 
metabolism such as adipocytes [12-14], hepatocytes [15], 
endocrine pancreatic cells [16] and skeletal muscle cells 
[17]. On the other hand, the CB2 receptor is mainly ex-
pressed in immune cells and does not seem to play a role in 
the regulation of metabolic processes, so far [11]. However, 
as was the case with CB1 receptors, recent evidence has 
demonstrated that the CB2 receptor is not only limited to 
immune and hematopoietic cells, but is also present in the 
brain [18], in the liver [19], in the bone [20] and in the pan-
creas [16]. 

 Endocannabinoids are lipophilic substances and their 
synthesis derives from phospholipid precursors. Unlike other 
neurotransmitters or hormones, they are not stored in vesi-
cles but released “on demand”. This peculiar characteristic 
needs, therefore, a strict regulation of the different phases of 
their release, uptake and degradation. In general, the synthe-
sis of endocannabinoids is triggered by elevated intracellular 
concentrations of Ca

2+
, such as during membrane depolariza-

tion [see review in 21]. However, Ca
2+

-independent proc-
esses have also been proposed to induce endocannabinoid 
synthesis [22]. Very interestingly, it has recently been shown 
that non-genomic actions of glucocorticoids can also stimu-
late the synthesis of endocannabinoids [23]. 

 Briefly, the formation of AEA occurs in two steps (see 
review in [21]). Initially, the precursor phosphatidyl ethano-
lamine, an abundant lipid present in the cell membrane, ex-
changes the ethanolamine moiety with an arachidonic acid 
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moiety to yield N-arachidonoyl phosphatidyl ethanolamine 
using the enzyme N-acyltransferase. There after, AEA is 
synthesized from this intermediate by a recently cloned N-
acylphosphatidylethanolamine-selective phospholipase D 
(NAPE-PLD) [24]. In addition, AEA can also be synthesized 
from N-arachidonoyl phosphatidyl ethanolamine via an addi-
tional intermediate, N-arachidonoyl phosphatidyl lysoetha-
nolamine. It is obvious that NAPE-PLD is close to becoming 
a promising pharmacological target in the near future, when-
ever a tissutal reduction of AEA production is required [25]. 

 The second major endocannabinoid, 2-AG, is synthesized 
in two steps from phosphatidyl inositol, another lipid precur-
sor abundantly present in membranes (see review in [21]). 
Two different pathways have, however, been described for 
the synthesis of 2-AG: 1,2-diacylglycerol and lysophosphati-
dyl inositol were found to be intermediate products. A phos-
pholipase C and a phospholipase A1, respectively, are in-
volved in the generation of the two intermediate compounds. 
Two diacylglycerol lipase (DAGL) enzymes (DAGL  and 
DAGL ) catalyzing the synthesis of 2-AG from 1,2-diacyl-
glycerol have recently been cloned [26]. The other enzymes 
involved have not yet been clearly identified.  

 In conclusion, although significant progress has been 
achieved regarding the biosynthetic enzymes for endocan-
nabinoids, a great effort is still needed to characterize all the 
components of these pathways. 

 In a similar way to “classical” neurotransmitters, it is 
proposed that endocannabinoids – after exerting their effects 
in the extracellular space – are taken up into the cell by a 
transport mechanism. Transport is not driven by transmem-
brane ion gradients, but it appears to be facilitated by mem-
brane diffusion of these lipophilic compounds [21]. The mo-
lecular identity of such a putative endocannabinoid trans-
porter(s) has not yet been identified. However, it has become 
clear that this process is complex and likely involves several 
proteins and mechanisms [27].  

 The degradation of endocannabinoids is better under-
stood than their biosynthesis. AEA is hydrolyzed to arachi-

donic acid and ethanolamine by the enzyme fatty acid amide 
hydrolase (FAAH) [28]. AEA is not the only substrate of 
FAAH, as it also degrades other bioactive lipids [28]. Sev-
eral FAAH inhibitors will be tested in vivo for their ability to 
significantly enhance AEA levels [25]. 

 The degradation of 2-AG likely involves at least two en-
zymes. Monoacylglycerol lipase appears to be responsible 
for about half the 2-AG-hydrolyzing activity in the tissue, 
suggesting that additional 2-AG-hydrolyzing enzymes may 
exist [29].  

2. CANNABINOID AGONISTS 

 As mentioned above, together with THC, the extracts 
from Cannabis plants contain more than other 60 different, 
chemically closely related phytocannabinoids [30]. The ma-
jority of terpeno-phenols in hemp lack psychoactivity, but 
exert various pharmacological effects in vivo, although these 
effects are present only at a rather high concentration and do 
not seem to be mediated by CB1- or CB2 receptors (see re-
view in [25]). Among them, cannabidiol has recently ob-
tained further attention due to its anti-convulsive, anti-inflam-
matory and anti-tumoral properties (see review in [25] and 
[31]). The underlying mechanisms of action of this plant-
derived cannabinoid have not yet been elucidated, but it has 
been hypothesized that its actions could probably derive 
from an interaction with an unidentified cannabinoid recep-
tor or from an inhibition of AEA degradation. Tetrahydro-
cannabivarin, another component of marijuana, has recently 
been proposed as a new phytocannabinoid having CB1 re-
ceptor antagonist properties (Fig. (1)) [32].

 Based on structural features, phyto- and synthetic can-
nabinoids can be divided into four classes [11]: 

1) “Classical” cannabinoids. The leading structure is repre-
sented by THC. This class encompasses tricyclic diben-
zopyran compounds. Among its members, the synthetic 
derivative HU210 shows the highest potency among the 
known CB1 receptor agonists and also activates the CB2 
receptor [11]. This class also includes nabilone and HU-

Fig. (1). Endocannabinoids and exogenous CB1 receptor ligands derived from Cannabis Sativa plants. 

N
H

OH

O

O
OH

O
OH

O

H

H

OH

O

OH

2-Arachidonyl-glycerol (2-AG)

D9-THC (dronabinol) D9-tetrahydrocannabivarin

(D9-THCV)

Anandamide



Cannabinoid Receptor Antagonists and the Metabolic Syndrome Mini-Reviews in Medicinal Chemistry, 2007, Vol. 7, No. 1    23

211 (dexanabinol); the latter is a compound developed 
by Pharmos that is undergoing phase III clinical trials as 
a neuroprotective agent for head injury [33].  

2) “Non-classical” cannabinoids. These are synthetic THC 
derivatives, which lack the dihydropyran ring. The best 
known member of this class is represented by CP-
55,940, a potent agonist of CB1 and CB2 receptors, 
which was pivotal for the molecular identification of the 
CB1 receptor (Fig. (2)) [34].  

3) Aminoalkylindoles, represented by R-(+)-WIN-55,212-2, 
are compounds structurally unrelated to THC, but with 
strong cannabimimetic activities [11]. They bind to both 
CB1 and CB2 receptors [11]. WIN 55,212–2 (Fig. (2)) 
was discovered by accident in a program directed at the 
development of non-steroidal anti-inflammatory drugs 
[35]. The members of this class are able to bind different 
parts of the CB1 receptor compared to ligands such as 
CP-55,940 and anandamide [36]. 

4) Endocannabinoids, which are structurally distinct from 
plant-derived cannabinoids. Prototypically, they belong 
to the eicosanoids, fatty acid derivatives containing a 
chain with 20 carbon atoms.  

 Bearing in mind the disparate actions of the endocan-
nabinoid system, the non-selective cannabinoid receptor ago-
nists such as CP-55,940, WIN 55,212–2 and THC (Fig. (1)
and (3)) are thought to exhibit a practical use as appetite 
stimulants, anti-emetics, analgesics, antiglaucoma agents, 
tumor growth inhibitors and for the treatment of neurode-
generative disorders, including multiple sclerosis (see review 
in [25]).  

3. CB1 RECEPTOR ANTAGONISTS 

 The CB1 receptor antagonists known so far are di-
arylpyrazoles, or aminoalkylindoles or triazole derivatives 
[37]. Diarylpyrazole compounds include SR141716 (named 
rimonabant), which was discovered by Sanofi-Synthélabo 
(now Sanofi-Aventis) in 1994 [38]. It represents the first 
reported selective CB1 receptor antagonist (Fig. (3)) and it 
has been the most studied compound so far [39]. The struc-
ture-activity relationship of rimonabant has been reported 
[40, 41] based on receptor binding affinities, functional an-
tagonistic activities and other pharmacological assays [42]. 
Optimal binding at the CB1 receptor involves a para-
substituted phenyl ring at the pyrazole 5-position and a 2-

chloro- or 2,4-dichloro-phenyl substitution pattern at the 
pyrazole 1-position. Interestingly, rimonabant and some 
other analogs have been shown, in some experimental mod-
els, to act as inverse agonists on a constitutively active CB1 
receptor, rather than neutral receptor antagonists [43]. 

 Sanofi-Aventis has recently generated a second-generation 
antagonist, SR147778 (Fig. (3)) [44], which has a longer 
action period than rimonabant and this property may be due 
to an ethyl group at the 4-position of its pyrazole ring, which 
is more metabolically resistant; SR147778 is currently in 
phase I clinical development.  

 Other CB1 receptor antagonists have been described, 
such as CP-272,871 (Fig. 3) by Pfizer, however, it is a sig-
nificantly less potent and less CB1 receptor selective antago-
nist [45].  

 The NIDA Institute recently disclosed NIDA-41020 (Fig. 
(3)), a less potent CB1 receptor antagonist, but with signifi-
cantly reduced lipophilicity compared to rimonabant [46].  

 Besides rimonabant, AM-251 [47-49] and SR147778 
[44] have so far been the most characterized in their anti-
obesity action in animals. However, it should be noted that a 
large series of CB1 receptor antagonists from Solvay, as 
SLV319 [50], has recently been developed and hypothesized 
for future clinical use [37].

4. CANNABINOIDS AND THE CONTROL OF FOOD 

INTAKE: AN EVERGREEN STORY  

 The idea that cannabinoids can stimulate hunger has a 
historical tradition; in fact, in an Indian pharmacopoeia, 
Cannabis sativa use was proposed for patients in whom it 
was necessary to promote feeding and to reduce vomiting 
(see review in [51]). The orexigenic properties of Cannabis 
were also noted for the ‘munchies’ caused after marijuana 
smoking and afterward, widely studied in various animal 
models. However, rather contradictory results were obtained 
in these initial experiments due to the variability of the dos-
ages, of the routes of administration and of the purity of the 
extracts. Great caution should therefore be taken in interpret-
ing the results derived from most of the experiments per-
formed with phytocannabinoids (see review in [51]).  

 Only during the 1980’s, when THC, also known as Dron-
abinol (Fig. (1)), became available for studies in humans, 
was the ability of this compound was known to stimulate 

Fig. (2). Cannabinoid mixed CB1/2 receptor agonists.
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appetite substantiated in a more scientific and rigorous man-
ner, in particular when it was positively tested in syndromes 
characterized by wasting such as cancer or AIDS-associated 

anorexia (see review in [51]). 

4.1. Central Effects of the Endocannabinoids System to 

Promote Appetite 

 Several lines of evidence strengthen the notion that 
through activation of the CB1 receptor, the endocannabinoid 
system is deeply implicated in the control of food intake. 
Briefly, (i) there is evidence that both AEA and 2-AG are 
able even at low doses to stimulate food intake regardless of 
the site of administration (central or peripheral), (ii) the 
mesolimbic dopaminergic system [52] and hypothalamus 
[51] are sites of expression of CB1 receptors, (iii) endocan-
nabinoids can interact with neuronal dopaminergic and 
opioid pathways in order to increase the value incentive of 
food [53-55], (iv) and last but not the least, the selective CB1 
receptor blockade by rimonabant has been shown to reduce 
the incentive for sucrose or alcohol intake, reinforcing the 
concept of the endocannabinoids rewarding properties to-
ward palatable foods [56-58], and to block the AEA-induced 
hyperphagia when this compound is administered in the ven-

tromedial hypothalamus of pre-satiated rats [59]. 

4.2. Endocannabinoids and the Appetite-Related Neural 

Circuit 

 In view of the well known ability of the endocannabinoid 
system to be activated “on demand” after typical stressful 
circumstances occurring in life, it was not surprising to de-
tect an increase in endocannabinoid production at the hypo-
thalamic and at the limbic forebrain level in a typical stress 

situation such as starving [60-61].  

 Specific hypothalamic neuronal populations exert a stra-
tegic control on food intake [62]. The homeostasis of energy 
balance originates from a multiplicity of peripheral signals, 
known to control the activation of these hypothalamic neu-

rons [62]. A recent paper described the anatomical link be-
tween the CB1 receptor and hypothalamic neurons involved 
in feeding control network [12]. The interaction between 
endocannabinoids and leptin (a satiety factor) has been the 
most studied so far [63, 64]. Pivotal in this sense were the 
experiments in which several animal models of impaired 
leptinergic signal resulting in obese and hyperphagic pheno-
type, such as that exhibited by ob/ob or db/db mice or fa/fa
Zucker rats, were characterized by increased pathological 
intrahypothalamic endocannabinoid levels [63]. Moreover, 
as further demonstration of the interaction between leptin 
and endocannabinoids, a single intravenous injection of 
leptin in ob/ob mice reduced the pathological overproduction 
of endocannabinoids [63]. A putative site for an interaction 
between leptin and endocannabinoids is the lateral hypo-
thalamus [64]. We have demonstrated that the CB1 receptors 
present in this area are co-localized with Melanin Concen-
trating Hormone (MCH) and prepro-orexin neurons [12]. 
Both populations of these latter neurons have been impli-
cated in the hedonic or motivational aspects of food intake, 
acting via projections to limbic areas [65]. A recent paper 
shed light on the interaction between endocannabinoids, 
MCH neurons and leptin signaling [64]. In fact, MCH neu-
rons (promoting an increase in food intake) are tonically 
inhibited by GABAergic inputs coming from the limbic sys-
tem. On one hand, by decreasing GABA release, endocan-
nabinoids may enhance the excitability of MCH neurons 
leading to an increased feeding behavior, while on the other, 
by inhibiting the voltage-gated calcium currents in the same 
neurons, the leptin signal may result in less synthesis and 
release of endocannabinoids that lead to a reduced excitabil-
ity of MCH neurons and to a decrease in appetite as a final 
effect. Therefore, the lateral hypothalamus may represent the 
site of converging signals between hypothalamic and 
mesolimbic structures to mediate the orexigenic activity of 
endocannabinoids [64].  

 CB1 receptor mRNA has also been shown to be co-
expressed with Corticotropin Releasing Hormone (CRH). 

Fig. (3). First and second generation of CB1 receptor antagonists. 
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Recently, it has been found that postsynaptically released 
endocannabinoids acting at presynaptic CB1 receptors are 
able to decrease glutamatergic transmission onto CRH-
producing neurons, resulting in an inhibition of CRH release 
[23]. This release of endocannabinoids from the parvocellu-
lar neurons is stimulated by a non-genomic effect of gluco-
corticoids. Therefore, it is conceivable that the well-known 
regulation of food intake by glucocorticoids may partly de-
rive from a functional cross-talk with the endocannabinoid 

system [66]. 

 Endocannabinoids also interact with other neuropeptides 
including Cocaine Amphetamine Related Transcript and -
melanocyte-stimulating hormone ( -MSH), but their cross-
talk is not yet fully elucidated [12, 67, 68]. On the contrary, 
the neuropeptide Y (NPY)/agouti related protein system in 
the arcuate nucleus does not seem to be directly targeted by 
the endocannabinoid system, because no CB1 receptor ex-
pression has been found in this area [12]. Nevertheless, re-
cent evidence has shown that AEA is able to increase NPY 
release by hypothalamic explants via an activation of CB1 
receptor depolarization, suggestive of a cross-talk between 

endocannabinoids and NPY orexigenic pathways [69]. 

4.3. Blockade of CB1 Receptors Affect Several Functions 

of Peripheral Organs Involved in Control of the Metabo-

lism 

 By using the genetic ablation of CB1 in rodents as a tool, 
we found that CB1 receptor knock-out male mice (CB1-/-) 
were leaner and lighter than control littermates. The body 
weight decrease was due to a reduction in fat mass and to a 
proportional increase in lean mass as demonstrated by Nu-
clear Magnetic Resonance [12]. Importantly, “pair-feeding” 
experiments in adult CB1-/- vs. control mice showed that 
leanness was due to a mechanism partially independent of 
food intake, related to an activation of unknown metabolic 
processes [12]. Even more robust differences in body weight 
have been further obtained by another group, when a high-fat 

diet was administered to CB1-/- mice and control mice [70].  

 The evidence indicating that the effects of CB1 receptor 
blockade on body weight was not limited to a central mode 
of action has also been proved by pharmacological blockade 
of the CB1 receptor in different obese animal models. The 
whole body of these studies demonstrated that the anorectic 
effect of different CB1 receptor antagonists vanished with 
time, whereas body weight reduction persisted well beyond 

the drug effect on food intake [47, 71, 72].  

 All these data confirmed that CB1 receptor antagonists 
may act as anti-obesity drugs by a dual mechanism of action 
that initially targets neuronal sites controlling food intake 
and thereafter peripheral organs involved in energy storage 
and expenditure (see review in [17]). 

 Recent studies performed by several independent labora-
tories shed light on the peripheral model of action of the en-
docannabinoid system. Indeed, after the first demonstration 
of the presence and the functional role of the CB1 receptor 
on the adipocytes, it is now becoming clear that endocan-
nabinoids are able to interact with all the organs involved in 

the control of metabolic functions. 

Adipocytes 

 Our in vitro studies showed that CB1 receptors are func-
tionally active in white adipocytes stimulating lipogenesis. In 
fact, their activation enhances lipoprotein lipase activity and 
this effect can be specifically blocked by rimonabant [12]. At 
the same time, another group showed that CB1 receptors are 
predominantly expressed in murine mature adipocytes rather 
than in preadipocytes [13], meaning that the putative role of 
the CB1 receptor is not related to the differentiating proc-
esses of the fat cells, but is likely associated with some 
metabolic function. Similar data were subsequently con-
firmed in humans [14]. More importantly, rimonabant has 
been shown to induce adiponectin release from adipocytes in
vitro [13]. Adiponectin is a circulating adipokine secreted by 
adipose tissue, playing a key regulatory role in fat and glu-
cose metabolism [see review in 73]. This protein exhibits 
anti-atherogenic and anti-diabetic properties. It is associated 
with increased insulin sensitivity, and in the liver, adi-
ponectin decreases hepatic glucose production and regulates 
free fatty acid metabolism, via suppression of lipogenesis 
and activation of free fatty acid oxidation. Obesity and type 
2 diabetes are characterized by a reduced tissutal and he-
matic adiponectin concentration (see review in [73]). 

 Further progress has been provided by a recent study by 
Jbilo et al. who showed that 40 days of rimonabant treatment 
was able to reverse the phenotype of adipocytes derived 
from obese mice at both macroscopic and genomic level 
[74]. Chronic pharmacological CB1 receptor blockade re-
stored the white adipocyte morphology of obese animals 
similar to that in lean animals. More importantly, the same 
authors were able to demonstrate that rimonabant treatment 
reversed the alterations in gene expression obtained by a 
prolonged high fat diet. In detail, they found that the reduc-
tion of adipose mass favored by CB1 receptor antagonist 
treatment was induced by a series of events such as: (i) an 
enhanced lipolysis through the induction of enzymes of the 

-oxidation and tricarboxylic acid cycle [74], (ii) an increase 
in energy expenditure through futile cycle stimulation and 
(iii) an improvement in the regulation of glucose homeosta-
sis as demonstrated by the stimulation of glucose-transporter 
4, a key-player of glucose metabolism [74].  

Gastrointestinal Tract 

 The CB1 receptor and endocannabinoids are also highly 
expressed in the gastrointestinal tract neurons. In the small 
intestine, starvation induces a 7-fold increase in AEA release 
but, intriguingly, this effect is reversed on re-feeding [75]. 
Cholecystokinin (CCK) is known to display an important 
satiety role and the CCK type 1 receptor is expressed in the 
same vagal afferent neurons, which also express the CB1 
receptor [76]. These neurons project to the stomach and duo-
denum. In addition, the CB1 receptor expression in the gan-
glia is increased by food deprivation and decreased after 
refeeding; this effect has been shown to be blocked by CCK 
antagonists and mimicked by administration of CCK itself. 
Therefore, the endocannabinoid system could also affect 
food intake acting through CCK signaling [76].  

Skeletal Muscles 

 The CB1 receptor is present in skeletal muscles and 
seems to be over-expressed in the soleus muscle of obese 
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mice as compared to lean controls [17]. Liu et al. found that 
rimonabant treatment in ob/ob mice generated a considerable 
glucose uptake in soleus muscle in comparison with placebo 
treated animals [77]. This increase may significantly con-
tribute to the improved hyperglycemia observed in diet-
induced obese mice treated with CB1 antagonists in other 
experimental settings [17]. It has also been shown that 7 
days of rimonabant treatment can activate thermogenesis, as 
demonstrated by a 37% increase in basal oxygen consump-
tion [77]. To explain this finding, the authors speculated that 
rimonabant may act by stimulating efferent sympathetic ac-
tivity, as also shown by another group [78]; however, the 
authors also hypothesized that the enhanced thermogenesis 
may also be due to an intensification of free fatty acid oxida-
tion promoted by the adiponectin rise, directly stimulated by 
rimonabant.  

Liver 

 The CB1 receptor is also expressed in hepatocytes, as 
recently demonstrated by Osey-Hyiaman et al. [15]. At the 
hepatic level, activation of the CB1 receptor increases the 
gene expression of the lipogenic transcription factor sterol 
regulatory element binding protein-1 c (SREBP-1c) and of 
its targets, fatty acid synthase (FAS) and acetyl-CoA car-
boxylase-1 (ACC-1) [15], leading to a stimulation of de novo
lipogenesis. The stimulation in cannabinoid-induced hepatic 
lipogenesis is CB1 receptor dependent, as demonstrated by 
the ability of rimonabant to reduce the fatty acid synthesis 
rate [15]. Moreover, a prolonged high-fat diet in mice in-
creases hepatic levels of AEA and induces an upregulation 
of CB1 receptor expression that in turn may promote the 
development of steatosis [15]. Importantly, CB1-/- mice are 
resistant to develop hepatic steatosis. Interestingly, in the 
hypothalamus, where FAS inhibitors elicit anorexia, SREBP-
1c and FAS expression are stimulated by CB1 receptor ago-
nists and inhibited by rimonabant [15]. Therefore, we can 
presume that the modulation of the FAS pathway may be a 
novel additional target of CB1 receptor antagonists at both 
central and peripheral level.  

Endocrine Pancreas 

 Using quantitative real-time PCR and immunocyto-
chemical tools, Juan-Picò et al. recently demonstrated the 
existence of both CB1 and CB2 receptors in the endocrine 
pancreas [16]. The CB1 receptor was mainly visualized in 
glucagon-containing -cells, while the CB2 receptor was 
found in both - and -cells. They found, however, that en-
docannabinoids are able to decrease insulin secretion regulat-
ing Ca

2+
 signaling [16]. 

 In conclusion, the endocannabinoid system may target a 
large variety of peripheral organs while modulating meta-
bolic processes; the detailed characterization of each indi-
vidual contribution and the reciprocal interactions among the 
organs are thus mandatory in future studies approaching this 
issue. 

5. OBESITY IS ASSOCIATED WITH AN OVERACTI-

VATION OF THE ENDOCANNABINOID SYSTEM 

 The majority of the studies conducted up to now regard-
ing the regulation of the endocannabinoid system on meta-

bolic processes have been performed on lean animals and not 
in animal models of obesity. This, in our opinion, represents 
one of the biases that did not allow a definitive conclusion to 
be reached on the mode of action by which the endocannabi-
noid system may contribute to the development of obesity. In 
fact, a recent series of reports seems to identify a close asso-
ciation between the formation of a state of obesity with a 
simultaneous over-activation of the endocannabinoid system 
expressed as an over-production of endocannabinoids or an 
over-expression of CB1 receptors. In fact, there is now evi-
dence that the CB1 receptor is over-expressed in tissues de-
rived from obese animals when compared to lean controls 
such as the liver [15], the skeletal muscles [17], and the adi-
pose tissue [13]. Nothing is at present known in humans, 
with the exception of the human white adipose tissue in 
which, at variance to mice, this finding has not been con-
firmed [14]. In fact, in subcutaneous adipose tissue derived 
from obese postmenopausal women, when compared to a 
lean control population, CB1 receptor expression was not 
increased [14]; on the other hand, a limitation of this study is 
that CB1 receptors were not measured in visceral fat tissue, 
which is hypothesized to be more sensitive than subcutane-
ous fat tissue to the endocannabinoid action.  

 An increased production of endocannabinoids has been 
proposed in hepatocytes [15], adipocytes and pancreatic cells 
[79] derived from fat mice in comparison to lean controls. 
Intriguingly, increased levels of plasma endocannabinoids 
have been found in obese postmenopausal women, when 
compared to lean controls [14].  

 The possible explanation of the mechanisms leading to a 
hyperactivation of the endocannabinoid tone in obesity is not 
completely understood and further studies are needed to con-
firm this hypothesis. A recent study has begun to shed light 
on this issue, demonstrating a missense polymorphism in a 
population of obese subjects, that predicts a substitution of 
threonine for a highly conserved proline residue (P129T) in 
the sequence of the FAAH, the enzyme that quickly degrades 
anandamide after its action. Patients with this polymorphism 
have approximately half the enzymatic activity and this 
physiological reduction of function may influence the clear-
ance of endocannabinoids, leading to a sustained and possi-
bly pathological tone as found in animal models [80].  

5.1. Rimonabant in Humans: A New Pharmacological 

Perspective in Tackling Obesity and Related Disorders 

 The discovery of rimonabant not only made it possible to 
understand many aspects of the endocannabinoid system, but 
it also very soon appeared to be a promising tool for various 
diseases in which a pathological increased endocannabinoid 
tone was presumed to occur. The CB1 receptor antagonist 
was thus proposed to reduce subjective intoxication and 
tachycardia in subjects with a history of Cannabis use [81] or 
as an anti-psychotic agent in schizophrenic patients [82]. 
Both these applications failed when tested in clinical trials in 
humans. Moreover, bearing in mind the function of the en-
docannabinoid system in the mesolimbic rewarding system, 
rimonabant is also undergoing clinical trials as an aid to pre-
vent the relapse of smoking cessation [83]. The results of the 
clinical trials from the STRATUS program (smoking cessa-
tion in smokers motivated to quit) have not yet been pub-
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lished in peer-reviewed journals, and there are therefore still 
unsolved questions regarding its efficacy in helping to re-
solve nicotine addiction. 

 Undoubtedly, the most promising data concerning the use 
of rimonabant in humans are emerging from the clinical tri-
als on tackling obesity.  

 A double-blind, placebo-controlled, phase II trial based 
on 4 months of rimonabant treatment in a group of obese 
patients (body mass index (BMI): between 30 and 40 kg/m

2
)

showed an average weight loss of 3.5 kg and 4.4 kg (5 mg 
and 20 mg doses, respectively), whereas in the placebo 
group, the average weight loss was limited to 1.1 kg. Impor-
tantly, the weight loss did not plateau during the 16-week 
study period. In this study, the drug demonstrated a good 
safety profile [84]. Another phase II, double-blind, placebo-
controlled study involving 20 obese patients with a short-
term rimonabant treatment period (7 days) to investigate 
hunger, calorie and fat intake showed a significant decrease 
in all three parameters [84].  

 A worldwide phase III trial named RIO (rimonabant in 
obesity) was initiated in 2001 including more than 6,600 
obese or overweight patients with or without concomitant 
comorbidities. This study consisted of four different clinical 
trials. Two of them named RIO-Europe and RIO-North 
America recruited obese or overweight patients with or 
without comorbidities who were treated for two years with 5 
mg or 20 mg rimonabant vs. placebo. The other two trials 
were named RIO-Lipids and RIO-Diabetes and were set up 
in order to investigate the amelioration after rimonabant 
treatment of specific comorbidity factors associated with 
obesity such as hyperlipidemia and diabetes, respectively.  

 The primary objective of the four RIO studies was the 
loss of body weight, associated in the RIO-North America 
trial with the prevention of weight regain after re-rando-
mization (second year) and in the RIO-Europe trial with the 
assessment of weight reduction by using the same dosages 
after two years of treatment. Although the clinical character-
istics of the selected patients differed from trial to trial, the 
secondary endpoints of all four studies were similar, as rep-
resented by the number of weight responders and the 
changes in waist circumference. Secondary measures also 
included changes from baseline in levels of high-density 
lipoprotein cholesterol, triglycerides, glucose and insulin 
during an oral glucose-tolerance test and the prevalence of 
the metabolic syndrome as defined by the criteria of the Na-
tional Cholesterol Education Program’s Adult Treatment 
Program III (NCEP-ATP III) [85].  

5.2. The Results of the RIO-Europe and the RIO-Lipids 

Trials 

 Two studies have been published up to now: the RIO-
Europe ad interim analysis of the first year [86] and the RIO-
Lipids study [87]. Importantly, the results provided by both 
trials were very similar in both primary and secondary end-
points and this result highlights the relevance of the studies. 
As a general assumption, we can say that, unlike the 20 mg 
dose, the treatment with 5 mg rimonabant often did not pro-
vide statistically significant changes when compared to pla-
cebo; to simplify, therefore, only the data concerning the 20 

mg rimonabant treatment will be mentioned when compared 
to placebo treatment. It has to be borne in mind that a 
hypocaloric diet was recommended to all subjects recruited 
in the four trials. Basal metabolic rate was estimated with the 
Harris Benedict formula, and 600 Kcal were subtracted to 
calculate a recommended daily energy intake for each pa-
tient. Moreover, at each visit, patients received dietary coun-
selling and were encouraged to increase their physical activ-
ity.  

 In the RIO-Europe study, a weight reduction of –8.6 kg 
was observed in the 20 mg treatment group of patients com-
pleting the study compared to the –3.6 kg detected in the 
placebo treated group [86]. In the RIO-Lipids study, similar 
data were observed: -8.6 kg in the 20 mg rimonabant treat-
ment group vs. –2.3 kg in the placebo group completing the 
study [87]. As expected, a concomitant reduction in waist 
circumference of about 9 cm was observed in patients treated 
with rimonabant 20 mg in both studies, whereas the reduc-
tion in placebo treated patients ranged from 3 to 4 cm [86, 
87]. The proportion of those who had a weight loss equal to 
or greater than 10% in the 20 mg treatment group was 39% 
in the RIO-Europe study and 32% in the RIO-Lipids study 
when compared to 12.4% and 7.2% in the placebo group of 
the two studies, respectively. The proportion of patients who 
had a weight loss equal to or greater than 5% was similar in 
the two studies, with RIO-Europe showing 67% and RIO-
Lipids 58% of the completers of the studies receiving 20 mg 
treatment vs. 30.5 and 19.5% in the placebo groups of both 
studies [86, 87]. The pattern of weight loss showed a sus-
tained profile for up to 36-40 weeks, followed by a plateau 
phase.

 A significant increase of HDL-cholesterol and a decrease 
of triglyceride concentrations in patients treated with 20 mg 
rimonabant was detected in both studies. In the RIO-Europe 
study, HDL-cholesterol significantly increased by 22.3% 
after 20 mg rimonabant compared to 13.4% shown in pla-
cebo treated patients [86]. In the RIO-Lipids study, the fall 
of triglycerides was -15.8% in 20 mg rimonabant treated 
patients vs. -3.6% in the placebo cohort in the completer 
population and -12.6% vs. -0.2% in the ITT analysis [87].  

 Values for plasma glucose and insulin were measured 
before the 75 g oral glucose tolerance test and 30, 60 and 
120 minutes afterward. Both studies showed a significant 
reduction in 2-hr plasma insulin from baseline in 20 mg ri-
monabant treated patients vs. placebo; in addition, the RIO-
Lipids study showed that the 1-hr and 2-hr plasma glucose, 
the 1-hr insulin, and the glucose and insulin areas under the 
curve decreased significantly in the group receiving 20 mg 
rimonabant [86, 87].  

 The RIO-Lipids study also examined the variation of 
leptin and adiponectin, both hormones implicated in the 
regulation of metabolic functions. Plasma leptin levels de-
creased significantly in the group receiving 20 mg rimona-
bant vs. placebo, whereas plasma adiponectin significantly 
increased when compared to placebo in the group treated 
with 20 mg rimonabant [87]. 

 In the RIO-Europe study, the systolic and the diastolic 
blood pressure was reduced after one year of 20 mg rimona-
bant treatment; these changes were not, however, signifi-
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cantly different from placebo [86]. On the contrary, the de-
creases in systolic and diastolic blood pressure with 20 mg 
rimonabant were statistically significant when compared to 
placebo in the RIO-Lipids study. Importantly, the decrease 
was greater among patients with hypertension at baseline 
[87].

 The prevalence of the metabolic syndrome in the patients 
before and after one year of treatment was analyzed in the 
RIO-Lipids study. Interestingly, at baseline, 54% of the pa-
tients met the criteria for the syndrome, whereas the preva-
lence fell to 25.8% in the 20 mg rimonabant group vs. 41% 
in the placebo group [87]. 

 Great care is taken with regard to the issues of safety and 
tolerability of any new drug tackling obesity proposed for 
clinical praxis. Both RIO studies showed a slightly higher 
rimonabant-treatment adverse or serious adverse event num-
ber when compared with placebo. The most common events 
occurring more frequently with 20 mg rimonabant were nau-
sea, vomiting, diarrhea, dizziness, depression and anxiety. 
However, they were for the most part mild to moderate in 
intensity and considered to be transient, based on the occur-
rence mainly during the first months of the studies [86, 87]. 

Metabolic Effects Partially Independent of Weight Loss 

 Interestingly, by means of logistic regression models 
and/or ANCOVA using weight loss as a covariate in the 
RIO-Europe study, it was found that nearly half the changes 
in HDL-cholesterol and triglycerides were independent of 
weight loss, as reflected by the last weight measurement [86, 
87]. 

 Similarly, 57% of the increase in adiponectin levels ob-
served in the RIO-Lipids group receiving 20 mg rimonabant 
could not be attributable to weight loss [87]. 

 Particular attention should be paid to patients with previ-
ous evidence of psychiatric diseases when treatment with 
CB1 receptor antagonists is proposed. As expected, in both 
trials, a percentage of patients developed depression or anxi-
ety and this led to discontinuation of the treatment in a mod-
erate but significant number of subjects in comparison to 
placebo. As mentioned before, this event could be largely 
anticipated by remembering two facts: the endocannabinoid 
system is known to down-regulate the hypothalamic-pituitary-
adrenal (HPA) axis in stress conditions [17], and, for many 
years, visceral obesity was presumed to be a disease some-
times associated with a pathological overactivation of the 
HPA axis [89]. In fact, obese patients often report traits of 
anxiety or depression and these symptoms could be consid-
ered as terminal effects of this axis derangement. So it has to 
be carefully weighed up whether obese patients with depres-
sion or other psychiatric disorders could be treated with this 
drug.  

6. SUMMARY AND CONCLUSION 

 The promising data of the RIO-EUROPE and RIO-Lipids 
studies published so far need to be substantiated by the re-
sults of the other two ongoing clinical trials with rimonabant 
and to be definitively confirmed by the data obtained by fu-
ture trials in which specific questions will be asked and 
hopefully solved.  

 However, rimonabant and related upcoming drugs of the 
same class may be proposed not only to tackle visceral obe-
sity, but also to face the variety of alterations related to the 
pathological fat increase in abdominal depots. Intriguingly, 
CB1 receptor antagonists seem to work not only as anorectic 
drugs but also, and even more importantly, as positive modu-
lators of crucial metabolic steps at peripheral level. There-
fore, we can now look towards the future more optimistically 
because a new pharmacological approach aimed at tackling 
obesity and related metabolic diseases in a better way, when 
dietary counseling and change of lifestyle have failed, is 
close to being included in general clinical praxis. 

 The entry of rimonabant and its class of drugs on the 
market may allow us to begin considering the possibility of 
individually targeting the therapeutic strategies according to 
phenotype characteristics and to the pathophysiological 
mechanisms inducing the disease [89].  

 The line of attack to obesity has significantly changed in 
the last few years with the awareness of the crucial role of 
adipose tissue. We can thus hypothesize that CB1 receptor 
antagonists may be useful for a selective treatment of vis-
ceral obesity, when considerable amounts of visceral fat are 
simply associated with a single altered metabolic parameter 
such as low HDL cholesterol and/or mildly high triglycerides 
and/or high fasting glucose level (the s.c. fasting glucose 
intolerance state).  
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