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Abstract The endocannabinoid system (ECS) is a lipid signalling system, comprising of the 
endogenous cannabis-like ligands (endocannabinoids) anandamide (AEA) and 
2-arachidonoylglycerol (2-AG), which derive from arachidonic acid. These bind 
to a family of G-protein-coupled receptors, called CB1 and CB2. The cannabinoid 
receptor 1 (CB1R) is distributed in brain areas associated with motor control, emo-
tional responses, motivated behaviour and energy homeostasis. In the periphery, 
the same receptor is expressed in the adipose tissue, pancreas, liver, GI tract, skel-
etal muscles, heart and the reproduction system. The CB2R is mainly expressed 
in the immune system regulating its functions. Endocannabinoids are synthe-
sized and released upon demand in a receptor-dependent way. They act as ret-
rograde signalling messengers in GABAergic and glutamatergic synapses and as 
modulators of postsynaptic transmission, interacting with other neurotransmit-
ters. Endocannabinoids are transported into cells by a specific uptake system and 
degraded by the enzymes fatty acid amide hydrolase (FAAH) and monoacylglyc-
erol lipase (MAGL). 
The ECS is involved in various pathophysiological conditions in central and 
peripheral tissues. It is implicated in the hormonal regulation of food intake, 
cardiovascular, gastrointestinal, immune, behavioral, antiproliferative and mam-
malian reproduction functions. Recent advances have correlated the ECS with 
drug addiction and alcoholism. The growing number of preclinical and clinical 
data on ECS modulators is bound to result in novel therapeutic approaches for 
a number of diseases currently treated inadequately. The ECS dysregulation has 
been correlated to obesity and metabolic syndrome pathogenesis.
Rimonabant is the first CB1 blocker launched to treat cardiometabolic risk factors 
in obese and overweight patients. Phase III clinical trials showed the drug’s ability 
to regulate intra-abdominal fat tissue levels, lipidemic, glycemic and inflamma-
tory parameters. However, safety conerns have led to its withdrawal.
The role of endocannabinoids in mammalian reproduction is an emerging 
research area given their implication in fertilization, preimplantation embryo 
and spermatogenesis. The relevant preclinical data on endocannabinoid signal-
ling open up new perspectives as a target to improve infertility and reproductive 
health in humans.
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Basic Pharmacology
Cannabinoid Pharmacology, Endogenous 
Cannabinoids and the Endocannabinoid 
Signaling System
Marijuana has been known for thousands years as a 
psychoactive substance altering sensory perception, 
relieving from anxiety and pain (Pertwee, 2008). How-
ever, it was only in 1964 when its main constituent, 
Δ9-tetrahydrocannabinol (Δ9-THC) (figure 1) was first 
isolated and stereochemically characterized among 
the other 60 phytocannabinoids present in Canna-
bis sativa (Pertwee, 2005). Δ9-THC is the only one of 
these phytocannabinoids exhibiting anti-inflammatory, 
anti-convulsive and anti-emetic effects, which has 
been pharmacologically studied and used accordingly 
(Nixon, 2006). This research led to the conclusion that 
Δ9-THC and its synthetic analogues elicit biological 
effects in a stereo-selective manner implying their bind-
ing in brain plasma membranes. These characteristics 
strongly suggested that cannabinoid pharmacology is 
receptor-mediated (Kofalvi, 2007). It was 25 years later, 
when the cellular target of Δ9-THC was characterized, 
molecularly cloned and named cannabinoid receptor 1 

(CB1R) (Pacher, 2006) (table 1). 

Further research led to cloning of one more G pro-
tein-coupled receptor (GPCR) for cannabinoids (CB), 
designated as CB2 (Onaivi, 2006). In humans CB1 and 
CB2Rs receptors share ≈ 44% sequence homology. The 
CB1R is mainly localized in CNS, among the cortex, cer-
ebellum, hippocampus, basal ganglia and brain regions 
controlling motor, cognitive, emotional, and sensory 
functions. The CB1R is also present in the brainstem, 
hypothalamus, and pituitary gland, regulating pain 
perception, hormonal activity, thermoregulation, car-
diovascular, gastrointestinal and respiratory physiology. 
CB1Rs at peripheral sites (e.g. adipocytes, liver, GI tract, 
pancreas, muscles, heart, uterus) regulate physiologi-
cal processes such as energy balance and expenditure 
as well as lipid metabolism and reproduction. CB2Rs 
are slightly expressed in the CNS and are primarily 
expressed by immune and hematopoietic cells, osteo-
clasts, and osteoblasts, mediating immune responses, 
inflammation, neuropathic pain, bone remodeling and 
metabolism (DiMarzo, 2004; Howlett, 2004; Onaivi, 
2006; Pacher, 2006; Pertwee, 2006; Cota, 2007; Stern, 
2007; Woelkart, 2008) (table 2).

Cannabinoid receptors, especially the CB1R, have 
been uniquely preserved throughout evolution: e.g. 
human, rat and mouse CB1Rs have 97–99% amino acid 

Table 1: Historical discovery and exploitation of the endocannabinoid system

Cannabis research Cannabinoid research Endocannabinoid research

200bC: Chinese 
pharmacopoeia 
describes the 
therapeutic properties 
of cannabis
1840: The medicinal 
properties of cannabis 
are described W.B. O’ 
Shaughnessy

1899: Cannabinol is 
isolated from cannabis 
resin
1932: Partial 
characterization of 
cannabinol structure 
Cahn

1940: Cannabinol 
synthesis Todd, Adams

1964: Δ9-THC isolation and 
chemical characterization, 
the active constituent 
of Cannabis sativa Gaoni, 
Mechoualam

1988: High-affinity THC-
binding site is identified in 
rats’ brain Howlett

1990: 
Cloning of the rat  ■
G-protein-coupled 
CB1R
Cloning of the human  ■
G-protein-coupled 
CB1R Matsuda

1992: Discovery of the first 
endocannabinoid: AEA 
Mechoualam, Pertwee

1993: Cloning of the 
peripheral CB2R Munro

1994: Synthesis and characterization of the first CB1R  blocker, Rimonabant 
Rinaldi-Carmona

1995: Discovery of the second endocannabinoid: 2-AG in brain Mechoualam, Waku

1996: 
Activation of CB ■ 1Rs found to suppress neurotransmitters release Shen

Cloning of the first endocannabinoid degrading enzyme FAAH  ■ Cravatti

1998: Evidence published on the interaction between cannabinoid and 
vanilloid receptors DiMarzo

1999: AEA activates vanilloid receptors as well Zygmunt, Smart

2000: CB1Rs found in human vascular endothelial cells Liu 

2002: Rimonabant blocks nicotine effects on rats Cohen

2003: 
Cloning of the first endocannabinoid biosynthesizing enzymes  ■ Bisogno

Preclinical data that CB ■ 1 knock out in mice leads to resistance to diet-
induced obesity, increased leptin sensitivity and weight loss Bonz,  
Ravinet-Trillou

2004-2005: : The RIO clinical program results are published. Rimonabant is 
launched in EU for the treatment of cardiometabolic risk factors in overweight 
and obese patients
2006- up today: 

Characterization and cloning of novel non CB ■ 1/ non CB2 cannabinoid 
receptors 
Synthesis of novel CB ■ 1R inhibitors, agonists and antagonists
The second CB ■ 1 selective CB1R inverse agonist, Taranabant is synthesized 
and enters Phase III clinical trials Addy et al.

The cannabinoid CB ■ 1R is expressed in pancreatic delta-cells Tarp

Results on Rimonabant’s ability to reduce atherosclerotic process and  ■
treat fatty liver disease are published

October, 2008:
EMEA ■  calls for marketing license suspension of Acomplia® (rimonabant)
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Table 2: Major activities of the Endocannabinoid System

Central nervous system Peripheral systems

Thalamus, hypothalamus, hippocampus
Control of 

Pain initiation ■
Wake/sleep cycles ■
Thermogenesis ■
Food intake ■

Impairment of working memory and memory consolidation
Inhibition of long-term potentiation and glutamatergic transmission

Cardiovascular system
Decrease of blood pressure and heart rate 
Induction of hypotension during hemorrhagic shock or endotoxic 
shock
Vasodilation
Platelet aggregation

Basal ganglia, striatum, globus pallidus
Psychomotor disorders control
Interference with dopaminergic transmission
Inhibition of γ-GABAergic transmission
Potentiation of γ-GABA-mediated catalepsy
Satiety control

Immune system
Alteration of synthesis and secretion of ILs
Stimulation of hematopoietic cell growth
Inhibition of LIF release and neutrophil recruitment

Cortex, cerebellum, spinal cord
Blockade of N-methyl-D-aspartate (NMDA) receptors
Tremor and spasticity control

Gastrointestinal tract
Inhibition of peristalsis and intestinal motility
Food assimilation
Satiety control
Secretion of enterokines (ghrelin, PPY etc)

Liver
Control of lipogenesis and peripheral energy balance

Adipose tissue
Secretion of adipokines (adiponectin, leptin etc) and inflammatory 
markers (CRP, IL-6 etc)
Lipid metabolism, lipogenesis, FFA oxidation 
Lipocytes proliferation

Pancreas
Hepatic lipogenesis
Insulin sensitivity and secretion

Figure 1: Chemical structures of endocannabinoids: anandamide (AEA) and -arachidononoylglycerol 
(2-AG); phytocannabinoid: Δ9-THC and synthetic cannabinoids: rimonabant and Taranabant
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sequence identity (Pertwee, 2008). This preservation 
depicts the important role kept for the ECS in human 

physiology. CB1Rs are highly expressed in the brain, 
especially during brain development, controlling cell 
differentiation. The CB1R is the most abundant G-pro-
tein-coupled receptor, with densities 10–50 fold higher 
than those of classical neurotransmitters (Reggio, 
2005). 

Both cannabinoid receptors CB1 and CB2 are coupled 
to similar transduction systems. Cannabinoid receptor 
activation has not been yet clarified. Initially, it was 
considered that this activation inhibits cAMP forma-
tion through its coupling to Gi proteins, resulting in a 

decrease of the protein kinase A-dependent phospho-
rylation processes (Poso, 2008). However, additional 
studies revealed that the CBRs were also coupled to 
ion channels through the Golf protein, resulting in the 
inhibition of Ca2+ influx. These actions are related to 
the ability of cannabinoids to modulate neurotransmit-
ter release and short-term synaptic plasticity (Lopez-
Moreno, 2008). Recently, it was shown CB1Rs stimulate 
formation of cAMP by coupling to the Gs protein 

A few years ago the existence of other endocannabi-
noid targets including the vanilloid receptor and at least 
two non-CB1/non-CB2 ‘CB-like’ receptors were discov-
ered (Brown, 2007; Hiley, 2007; Pertwee, 2007), one in 
the vascular bed and the other in glutamatergic axon 
terminals.

The discovery of the cannabinoid receptors led to the 
identification of a family of lipid transmitters mainly 
serving as natural ligands for the CB1R: arachidonoyle-
thanolamide (AEA), named AEA and 2-arachidonoyl-
glycerol (2-AG) (Hillard, 2000; Basavarajappa, 2007). 
Soon afterwards, the complicated biochemical pathway 
responsible for the synthesis, release, transport and 
catabolism of endocannabinoids completed our knowl-
edge of the new signalling system nowadays known as 
the ‘endocannabinoid system’. 

More than 5000 scientific reports have been pub-
lished the last years, exploring the functions of the 
endocannabinoid system, which is currently considered 
as a major modulator of physiological functions in the 
central and autonomic nervous system, the endocrine 
network, the immune system, the gastrointestinal tract, 
the reproductive system and in microcirculation (total 
reference list).

Endocannabinoids are derivatives of arachidonic 
acid conjugated with ethanolamine or glycerol. So far, 
four of them have been characterized: AEA, 2-AG, 
virodhamine and noladin ether (Bisogno, 2008; Ho, 
2005). 

In the brain, AEA concentration is 200-fold lower 
than that of 2-AG. The monoglyceride 2-AG is a meta-
bolic intermediate in lipid metabolism whereas AEA 
is the cleavage product of a membrane phospholipid 
(Smita, 2007). 

In contrast to other classical neurotransmitters that 
remain stored within intracellular vesicles awaiting 

mobilization, endocannabinoids are only synthesized 
“on demand” in response to stimulus-induced intracel-
lular Ca elevation (Vaughan, 2005).

AEA is formed by the cleavage of a phospholipid 
precursor called N-arachidonoyl-phosphatidyletha-
nolamine (NAPE). This is synthesized by the enzyme 
N-acyltransferase (NAT), which catalyses the transfer of 
arachidonic acid from phosphatidylcholine to the head 
group of phosphatidylethanolamine (Paradisi, 2006). 

This enzyme needs the presence of Ca2+ and is regu-
lated by cAMP, which enhances the activity of NAT by 
phosphorylation mediated through the cAMP-depen-
dent activity of protein kinase A. The derivation of AEA 
from NAPE is also catalysed by a specific phospholipase 
D, whose activity is regulated by several mechanisms 
like depolarization or by activation of the ionotropic 
glutamate N-methyl-D-Aspartate (NMDA) receptors or 
by nicotinic 7 neuronal receptors or via stimulation of 
the receptors of dopamine, glutamate or acetylcholine 
(Paradisi, 2006). 

2-AG synthesis is mediated by the metabolism of tria-
cylglycerol. The major synthetic pathway for 2-AG syn-
thesis includes the 2-arachidonoyl-phosphatidylinositol 
hydrolysis by phospholipase C (PL-C) to diacylglycerol 
(DAG), which is further hydrolysed to 2-AG by DAG 
lipase or, in some tissues, by phospholipase A1 and sub-
sequent lysophospholipase activity (Hermann, 2006).

A two-step process including transport into cells 
and hydrolysis completes endocannabinoid signalling. 
Endocannabinoid levels in tissues are controlled via 
their rapid degradation (Bari, 2006).

Endocannabinoids are removed from their sites 
of action by cellular uptake. In most tissues, AEA is 
metabolized by a membrane-bound amidase, belong-
ing to the serine–hydrolase family: fatty acid amide 
hydrolase (FAAH) (Puffenbarger, 2005; Maccarone, 
2006; Fowler, 2007; Labar, 2007;Saario, 2007; Vande-
voorde, 2008), and 2-AG by a serine hydrolase, the 
soluble monoacylglycerol lipase (MAGL) (Jhaveri,2007; 
Saario,2007; Viso, 2008). FAAH degrades many fatty 
acid amides and although it can also deactivate 2-AG, 
the main enzyme responsible for the inactivation of this 
monoglyceride remains MAGL. A number of oxidative 
enzymes including lipoxygenases, cytochrome P450s, 
and cyclooxygenase-2 transform endocannabinoids 
into eicosanoid-related bioactive products. Within 
most brain areas, MAG lipase and CB1Rs (and far fewer 
CB2Rs) are localized presynaptically, whereas FAAH is 
predominantly postsynaptic in somata and dendrites of 
principal neurons. This distribution of the ECS com-
ponents reveals the endocannabinoid synthesis in post-
synaptic neurons, via the stimulation of intracellular 
Ca2+ increase and membrane phospholipid hydrolysis 
(Howlett, 2004; Reggio, 2005; Pacher, 2006; Pertwee, 
2006; Brown, 2007). 

Endocannabinoids are then released/transported 
into the synaptic cleft to act on pre-synaptic neurons. In 
this retrograde manner, endocannabinoids are bound 
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to regulate the synaptic transmission of excitatory and 
inhibitory neural circuits by modulating neurotrans-
mitter release.

Endocannabinoids exhibit different binding prop-
erties towards CB1 and CB2 receptors. AEA acts as a 
partial agonist for both CB1 and CB2 receptors, but has 
higher affinity for the CB1R. Its activity on CB1Rs is 
4–30 fold higher than on CB2Rs. 2-AG is a complete 
agonist for both CB1 and CB2 receptors, exhibiting less 
affinity than AEA (Macki, 2008).

Metabolic functions
Endocannabinoid-mediated hypothalamic 
control of food-intake 
The ECS holds a regulatory role in the neuroendocrine 
food intake process, since CB1Rs are distributed in the 
hypothalamus in a way suggesting their effect on orexi-
genic or anorexigenic signals (Howlett, 2004; Onaivi, 
2006; Pacher, 2006; Pertwee, 2006; Matias, 2007). In 
particular, CB1Rs are found in:

neurons of the ARC expressing cocaine- and  ■
amphetamine-regulated transcript (CART, an 
anorexigenic mediator). Osei-Gyiaman (2006) 
provided evidence that AEA elevation obtained 
by knocking-out FAAH, inhibits CART release in 
several hypothalamic regions via CB1Rs.
lateral hypothalamus (LHA) neurons containing  ■
the orexigenic melanin-concentrating hormone 
(MCH) and orexins
the PVN, in neurons expressing the anorexigenic  ■
corticotropin-releasing hormone (CRH), whose 
levels are higher in CB1-deficient mice, indicating 
that CB1Rs downregulate CRH expression.

Endocannabinoids acting at CB1Rs control homeo-
static regulation of energy imbalance by stimulat-
ing the central, hypothalamic, orexigenic system and 
enhance food consumption by mediating motivational 
processes of the nucleus accumbens (DiMarzo, 2004; 
Howlett, 2004; Bellocchio, 2006; Onaivi, 2006; Pacher, 
2006; Pertwee,2006; Cota, 2007; Stern, 2007; Woelkart, 
2008). 

A number of preclinical studies have been published 
on the mechanisms through which the ECS centrally 
regulates food intake (Bellocchio, 2006; Pacher, 2006; 
Cota, 2007; Despres, 2007). 

Kirkham and Williams (2004) were the first to show 
the endocannabinoid presence in the hypothalamus as 
well as their fluctuation during feeding phases. Endo-
cannabinoids levels are higher in rodents deprived of 
food for several hours compared with ad libitum fed 
animals. On the contrary, palatable foods consumption 
is blocked by CB1 antagonists also in rodents fed ad libi-
tum. Cota (2003) showed that endocannabinoids induce 
food-intake in satiated animals, when directly injected 
into the hypothalamus or the nucleus accumbens shell. 
Gomez (2002) provided evidence that the injection of 

endocannabinoid inactivation inhibitors in the nucleus 
accumbens, causes food intake increase in parallel to 
Fos expression in the arcuate and periventricular nuclei 
and in the dorsomedial and lateral hypothalamus.

Di Marzo (2001) correlated the variation in endo-
canabinoid levels with the orexigenic signals of leptin. 
Hypothalamic endocannabinoid levels decrease after 
systemic leptin administration in rats, and increase in 
rodent models of congenital hyperphagia and obesity, 
such as db/db, ob/ob mice and Zucker rats. 

Moreover, activation of presynaptic CB1Rs located 
on GABA terminals (Foldy, 2006), decreases GABA 
release onto MCH-releasing neurones of the lateral 
hypothalamus in cases of hyperfagia. The leptin recep-
tors activation on these neurones inhibits endocannabi-
noid biosynthesis. Perifornical lateral hypothalamic 
neurones in ob/ob mice (leptin-deficient) exert larger 
Ca currents, consistent with upregulated endocannabi-
noid signalling, enhanced excitability and consequent 
hyperphagia.

Given that leptin stimulates POMC/CART-express-
ing neurones, which mediate melanocortins, a poten-
tial effect of the latter on endocannabinoid levels has 
been declared (Matias, 2008). Verty (2004) showed 
that Δ9-THC-induced food intake was not blocked by 
α-MSH, whereas rimonabant enhanced the stimulatory 
effect on feeding by an experimental MCR-4 antagonist 
(JKC-363). However, Hentges (2005) contradicts the 
above assumptions suggesting that POMC-expressing 
neurones are modulated by CB1Rs via the inhibition of 
GABAergic or glutamatergic inputs. 

Valassi (2008) has associated some more neuro-
peptides regulating food-intake, e.g. AGRP, or POMC 
with CB1Rs (table 3). Gamber (2005) correlated NPY 
levels with the stimulation or blockade of hypothalamic 
CB1Rs. Although CB1 and NPY receptors do not co-ex-
ist, CB1 blockade reduces food intake in NPY knockout 
mice as efficaciously as in wild-type mice suggesting 
that NPY signalling is not necessary for CB1-mediated 
food-intake. 

Peripheral endocannabinoid control of energy 
metabolism
In 2003, Cota et al. demonstrated the presence and 
role of CB1Rs in mouse adipocytes and adipose tissue 
and Spoto et al reconfirmed. Ever since, research on 
the periperal actions of the ECS have been profound, 
adding on to the regulatory role of the system on major 
endocrine organs like the liver, the pancreas and even 
the skeletal muscles (figure 2). The ECS presence has 
been verified in both human and rodent white adipo-
cytes and adipose tissue (Bensaid, 2003; Onaivi, 2006; 
Pacher, 2006; Roche, 2006; Despres, 2007; Gonthier, 
2007; Kovalfi, 2007; Matias, 2007; Matias, 2008;Valassi, 
2008). So far, it has been demonstrated that the ECS 
is involved in FFA synthesis and therefore in choles-
terol metabolism, in adipokines biosynthesis as well as 
in their signalling pathways where applicable, in glu-



158 Copyright © 2009 Neuroendocrinology Letters ISSN 0172–780X •  www.nel.edu

Zadalla Mouslech, Vasiliki Valla 

Table 3: Hormones, neuropeptides and neurotransmitters known to affect both metabolic and reproductive functions

Name Site of derivation Metabolic effect Reproductive effect

AgRP

Hypothalamus

Decrease of insulin sensitivity and energy expenditure Decrease of GnRH and LH

α-MSH Increase of insulin sensitivity and energy expenditure Increase of steroidogenesis
Decrease of LH and ovulation

β-endorphin Increase of energy expenditure
Insulin sensitivity and secretion
Glucose availability

Decrease of ovulation, GnRH, LH, 
steroidogenesis

CART Decrease of insulin secretion
Increase of lipolysis and GH

Increase of GnRH
Decrease of estradiol levels

CRH Increase of energy expenditure
Decrease of GH

Decrease of GnRH and LH

NPY Decrease of energy expenditure, insulin sensitivity 
and secretion

Increase of steroidogenesis
Decrease of GnRH and LH

Orexins Increase of insulin secretion and energy expenditure Increase of GnRH and LH

Catecholamines

Adrenals

Decrease of insulin sensitivity
Increase of glucose availability and energy 
expenditure

Increase of GnRH and steroidogenesis

Cortisol Decrease of insulin sensitivity
Increase of glucose availability, lipolysis, proteolysis, 
energy expenditure

Decrease of GnRH, LH/FSH, ovulation and 
steroidogenesis

Adiponectin

Adipose tissue

Increase of insulin sensitivity
Energy expenditure
Lipolysis
Decrease of GH

Decrease of   LH and GnRH-stimulated LH 
secretion

Leptin Increase of insulin sensitivity and energy expenditure, 
regulation of food intake 

Increase of GnRH, LH/FSH, ovulation, 
implantation
Cycle-dependent effect on steroids levels

Resistin Decrease of insulin sensitivity in obese Prevents ovulation and implantation 

IL-6 Increase of energy expenditure Decrease of insulin 
sensitivity
Inflammation inducer

Decrease of LH, ovulation and oestrogen 
levels

PAI-1 Decrease of insulin sensitivity and energy expenditure Increase of ovulation rates

TNF-α Increase of lipolysis and insulin sensitivity Decrease of GnRH, LH, steroidogenesis

Ghrelin

GI tract- stomach

Increase of glucose oxidation, lipogenesis, energy 
expenditure and GH
 Food intake regulator

Decrease of GnRH, LH/FSH and 
implantation rates

CCK Increase of insulin secretion and energy expenditure Increase of GnRH, LH/FSH

PYY-36 Increase of insulin secretion and sensitivity, lipolysis 
and glucose availability 
Food intake regulator

Decrease of GnRH, LH

GLP-1 Decrease of insulin sensitivity
Increase of insulin secretion and energy expenditure

Increase of GnRH, LH

GIP Increase of insulin secretion and sensitivity Decrease of FSH

Insulin
Pancreas

Increase of glucose storage and uptake and protein 
synthesis
Decrease of lipolysis

Increase of GnRH and steroidogenesis
Hyperinsulinemia induces 
hyperandrogenemia and PCOS

Abbreviations: AgPR= Agouti Related Peptide; MSH= Melanocyte Stimulating Hormone; CART= Cocaine and Amphetamine Regulated 
Transcript; CRH= Corticotropin Releasing Hormone; NPY=Neuropeptide Y; IL-6= Interleukin –6;TNF-α= Tumor Necrosis Factor- alpha; 
PAI-1= Plasminogen Activator Inhibitor 1; CCK= Cholecystokinin; PYY-36= Pancreatic Peptide YY3-36; GLP-1= Glucagon-like Peptide-1; GIP= 
Gastric Inhibitory Polypeptide; GH= Growth Hormone; LH= Lutenizing Hormone; GnRH= Gonadotropin Releasing Hormone; FSH= Follicle 
Stimulating Hormone
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cose metabolism, insulin sensitivity and inflammation 
processes.

In his experiment, Cota (2003) showed that wild-
type mice exhibit much higher amounts of fat mass in 
comparison with CB1

-/- mice as well as a tedency for 
lower energy even when they are equally fed with trans-
genic mice. A relationship between CB1Rs presence and 
stimulation of lipoprotein lipase activity was also estab-
lished (Bari, 2006), substantiating the ECS involvement 
in fat accumulation, regardless of the intaking food 
quantities. In addition, several other evidence (Cota, 
2003; Jbilo, 2005) link the ECS functions with adipose 
tissue regulation. For example: 

CB ■ 1Rs blockade arrests adipocyte proliferation 
endocannabinoids synthesis precedes pre- ■
adipocyte differentiation 
CB ■ 1Rs chronic stimulation during adipocyte 
differentiation enhances PPAR-γ activity. 

The ECS takes part in adipogenesis and fat accumula-
tion. Yan (2007) discovered that prolonged high-fat diet 
is associated with CB1Rs expression in adipose tissue 
and contributes to adipocyte size. What is even more 
important, Osei-Hyiaman (2005) showed that CB1Rs 
stimulate the expression of the steroid regulatory ele-
ment-binding protein-1c (SREBP-1c), an important 
transcription factor and its targets, acetyl-CoA carbox-
ylase-1 (ACC1) and fatty acid synthase (FAS). 

Bensaid (2003), Roche (2006), Gonthier (2007) and 
Matias (2008) have also supported the ECS direct effect 
on lipogenesis by showing that the CB1R blockade 
leads to an increase of adiponectin expression in the 
adipose tissue of obese Zucker (fa/fa) rats. Adiponec-
tin is a 30-kDa protein exclusively produced by adipo-
cytes (Antuna-Puente, 2008; Beltowski, 2008). Its levels 
are decreased in obesity. Its main functions include 
enhancement of insulin sensitivity, increase of fatty acid 
oxidation and glucose uptake and finally the suppress-
ing of hepatic glucose production. In all, adiponectin 
enhances insulin sensitivity (Kong, 2006) (table 4). 

Rimonabant (the first CB1R antagonist) induces adi-
ponectin overexpression in the mouse adipocyte cell 
line but not in adipocytes from CB1R knockout mice. 
Since adiponectin stimulates AMPK activity, the CB1-
mediated inhibition of its expression in adipocytes 
might also be implicated in lipogenesis regulation 
(Mathieu, 2008).

Endocannabinoids are able to enhance glucose 
uptake in adipocytes via the stimulation of basal and 
insulin-induced translocation to the plasma membrane 
of the GLUT-4 (Bari, 2006; Gasperi, 2007; Pagano, 2007) 

and this may be another pathway through which they 
trigger lipogenesis. The subsquent glycolysis in combi-
nation with FAS activity assist the adipocyte with bio-
synthetic precursors for de novo fatty acid biosynthesis 
and partially account for the pro-lipogenetic effect of 
CB1R agonists in these cells.

On the other hand, endocannabinoids might also 
negatively affect fatty acid oxidation. It has been dem-
onstrated that CB1Rs chronic blockade by rimonabant 
enhances fatty acid oxidation and energy expenditure in 
diet-induced obese, mice possibly by up-regulating the 
expression of the enzymes involved in fatty acid oxida-
tion such as carnitine acetyltransferase (CAT), carnitine 
palmitoyltransferase-2 (CPT2), and crotonase, as well as 
enzymes involved in the TCA cycle, such as fumarase, 
aconitase, and oxoglutarate dehydrogenase (Bensaid, 
2003; Jbilo, 2005; Osei-Hyiaman, 2005; Roche, 2006; 
Gonthier, 2007; Yan, 2007Matias, 2008). 

The ECS is thought to have a stimulatory effect on 
adipocyte differentiation as established by the progres-
sive increase of CB1R expression in adipocytes through 
their differentiative process. Gasperi (2007) has pro-
vided some interesting data on this issue while work-
ing with 3T3-L1 adipocyte cell line. AEA increased the 
PPAR-γ, a well known marker of adipogenesis, as well 
as in vitro differentiation of adipocytes, transport rate, 
hydrolysis and binding efficiency of AEA to CB1Rs, sug-
gesting a positive role of the ECS in adipocyte differen-
tiation. Bellocchio (2006) has confirmed the above by 

Figure 2: Cardiometabolic risk factors promoted by intra-abdominal adiposity
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stimulating pre-adipocytes with a CB1 agonist and one 
antagonist. The former up-regulated whereas the latter 
(rimonabant) downregulated CB1R mRNA expression.

The interaction of endocannabinoids with 
PPARs
PPARs are a family of nuclear receptors acting as tran-
scription factors and comprise of different isoforms 
(PPARα, PPARγ and PPARδ) that interact with the 
retinoid X receptor and a number of nuclear regulatory 
proteins. PPARs bind to retinoid X receptor (RXR) to 
form heterodimers that bind to DNA response elements. 
The regulation of PPAR target genes is involved in 
energy homeostasis, fat cell differentiation and inflam-
mation, while PPARα and PPARγ isoforms are mainly 
involved in lipid metabolism regulation by controlling 
fatty acids catabolism, inducing fat cell differentiation 
and lipid accumulation and improving insulin sensitiv-
ity (Ferre, 2004; Kuusisto, 2007; Kawada, 2008).

Natural ligands for PPARs include fatty acids and 
eicosanoids and it is therefore possible that endocan-
nabinoids, whose chemical structure derives from 
arachidonic acid, might also act through PPARs. 
O’Sullivan (2007) has actually proposed an interac-
tion between endocannabinoids and PPARs that may 
be mediating feeding behaviour and lipid metabolism. 
Several authors (Guzman, 2004; Bouaboula, 2005; 
Burstein, 2005; Lenman, 2007; Sun, 2007) have shown 
that AEA and 2-AG bind to both PPARα and PPARγ at 
physiological concentrations.

Endocannabinoids (Sun, 2007) do not only act as 
ligands of PPARs. Chronic stimulation of cannabinoid 
receptors in 3T3-F442A pre-adipocytes stimulates 
PPARγ, while rimonabant reverses the effect. Further-
more, stimulation of human pre-adipocytes with CBR 
agonists increases PPARγ mRNA expression occuring 
in early stages of differentiation, whereas rimonabant 
inhibits the induced upregulation of PPARγ, indicating 
that this effect is mediated by CB1Rs (Lenman, 2007).

In contrast to the above, it has been shown 
(Bouaboula, 2005) that stimulation of human adipo-
cytes during differentiation with rosiglitazone, reduces 
the mRNA expression of CB1R and upregulates FAAH, 
assuming that endogenous cannabinoids cooperate with 
PPARγ to enhance early stages of fat cell differentiation. 
A negative feedback between PPARγ and endogenous 
cannabinoids would control lipid deposition, whereas 
leptin at late stages of differentiation would inhibit both 
endocannabinoids and PPARγ.

PPARδ is another potential potential regulator of 
metabolic function and there may be a link between 
ECS and PPARδ(Guzman, 2004; Sun, 2007). High-fat 
feeding increases CB1R expression and reduces PPARδ, 
whereas exercise exerts opposite effects on both CB1R 
and PPARδ. In addition, silencing PPARδ by RNA inter-
ference increased CB1R expression while overexpres-
sion of PPARδ significantly reduced CB1R expression.

ECS in the pancreas
Juan-Pico (2006) first reported on the existence of can-
nabinoid in freshly dissociated pancreatic islets from 
mice. It was observed that CB1Rs are mainly expressed 
in non-β-cells whereas CB2Rs occur in both β-cells and 
non-β-cells. Later, the same group reported that in rats, 
both CB1Rs and CB2Rs are expressed in both β- and 
non-β-cells( Bermundez-Silva, 2007). Nakata and Yada 
(2008) showed that CB1Rs are expressed in almost the 
entire area of the islet, including the central portion, 
possibly corresponding to β-cells. A strong staining was 
also observed in the periphery of the islet, suggesting 
that CB1Rs are present in both α- and β-cells. Matias 
(2006) investigated the cannabinoid receptor localisa-
tion in the mouse pancreas and observed CB2 staining 
in both insulin-producing β-cells and glucagon-pro-
ducing α-cells, whilst CB1 staining was almost exclu-
sively present in α-cells. Additionally Matias (2008) 
observed CB1 staining in several β-cells in rats. Starow-
icz (2008) showed that β-cells selectively express MAGL 
and FAAH, while DAG and NAPE-PLD are mostly 
abundant on α-cells.

Although no studies on human pancreas have 
been reported, Matias (2006, 2007) did prove that 
the occurrence of hyperglycaemia and obesity is 
accompanied by the over-expression of biosynthetic 
endocannabinoid enzymes and by a decrease of FAAH 
expression in β-cells. However, the high levels of CB1Rs 
in rat insulinoma cells imply that their expression in 
β-cells depends on the animal species and cell differen-
tiation and/or metabolic state. 

Regarding the ECS effect on insulin release, oppos-
ing studies have been realeased. Juan-Pico (2006) and 
Bermundez-Silva (2008) showed that stimulation of 
CB2Rs reduces insulin release via calcium transients 
inhibition in Langerhans’ islets from lean, normogly-
caemic mice, whereas CB1Rs, exert the same effect to a 
much lesser extent. Nevertheless, other authors (DePet-
rocellis, 2007; Matias, 2008; Nakada, 2008) suggest that 
CB1, but not CB2, receptors are coupled to inhibition of 
both insulin release and Ca2+ transients in mouse pan-
creatic islets, since the stimulation of CB1Rs by selective 
CB1 agonists were shown to inhibit the glucose-induced 
insulin release and to reduce the [Ca2+]i pattern. 

Under conditions mimicking hyperglycemia, insu-
lin does not inhibit glucose-induced endocannabinoid 
upregulation but increases endocannabinoid levels per 
se. In agreement with the above, increased levels of 
both AEA and 2-AG have been found in the pancreas 
of hyperglycaemic DIO mice in comparison to mice 
fed a normal diet (Jesudason, 2008; Matias, 2007). The 
ECS overactivity in the pancreas probably affects insu-
lin (and also glucagon and GLP-1 levels) and glucose 
distribution and metabolism (Jellinger, 2007). Further-
more, it might affect adipoinsular interactions, thus 
contributing to insulin resistance. 

The ECS effect on glucose homeostasis in vivo has 
been studied by Bermudez-Silva (2008) and Lafontan 
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(2007) who reported that systemic CB1R stimulation in 
lean normoglycaemic rats, causes slower blood glucose 
clearance in vivo and that activation of CB2Rs improves 
glucose clearance. The simultaneous activation of CB1 
and CB2Rs results in a null net effect on glucose levels, 
thus leading the authors to propose that CB1 and CB2 
have opposite roles in glucose homeostasis, suggesting 
a coordinated action of both receptors in the regulation 
of glycaemia.

Ravinet Trillou (2004) studied the effect of CB1R 
blockade in a mouse model of diet-induced obesity. 
During a 5-week treatment period, rimonabant man-
aged to reduce food intake in the first week, produc-
ing remarkable weight loss. CB1R antagonist treatment 
also decreased fasting glycaemia in high fat diet (HFD) 
mice. The same author has reported on rimonabant’s 
effect to enhance lipolysis on treated mice (Jbilo, 2005). 
These data imply that CB1R blockade modulates insu-
lin sensitivity and glucose homeostasis (figure 3).

Correlation of ECS overactivity and obesity 
pathogenesis
Hypothalamic levels of AEA and 2-AG are increased in 
Zucker rats and ob/ob and db/db mice (DiMarzo, 2001; 
Howlett, 2004; DiMarzo, 2004; Pacher, 2006; Despres, 
2007; Lafontan, 2007; Matias, 2007). Respectively, 
blood endocannabinoid levels are high in patients with 
type 2 diabetes (T2D) (DiMarzo, 2008). These findings 
suggest that the malfunctioning of leptin and insulin 
signalling might be related to the ECS overactivity in 
obesity. 

In addition, the phenotypic missense mutation 
of FAAH resulting to its rapid degradation in people 
with BMI >25, substantiates the need for an overactive 
ECS in order to maintain a stable level of the catabo-
lizing endocannabinoids (Bari, 2006; Basasavarajappa, 

2007; DiMarzo, 2008). Continuous ECS overactivity 
though, is positively signalling the intake of palatable 
food, therefore enhances obesity. Obese postmeno-
pausal women bear AEA increased blood levels which 
are inversely correlated with reduced FAAH mRNA in 
adipose tissue, on the contrary, elevated AEA levels in 
the liver of DIO mice are followed by decreased FAAH 
expression (Puffenbarger, 2005; Maccarrone, 2006; 
Labar, 2007; Engeli, 2008). 

A correlation between endocannabinoid levels and 
type of food intake has also been suggested. Diets rich 
in ω6-polyunsaturated fatty acids (PUFAs) and poor 
in ω3-PUFAs have shown to increase AEA and 2-AG 
levels in postnatal and adult brain, respectively (Matias, 
2007; Watanabe, 2003). The explanation for that lies 
within the ability of certain free fatty acids to alter the 
levels of phospholipid precursors of AEA and 2-AG. 
The endocannabinoid metabolism is therefore affected 
causing the system to remain continuously active. 
Recent evidence showed that the remodeling of the 
amide-linked fatty acids of N-acyl-phosphati- dyletha-
nolamines (i.e. AEA precursors) is responsible for the 
opposite effects of food deprivation and refeed-ing in 
the small intestine (Matias, 2007; Petersen, 2006).

Several studies involving humans link ECS overacti-
vation with obesity. Monteleone (2005) was the first to 
determine that young obese women with binge eating 
disorder (BED), exert high levels of circulating AEA. In 
the same study, AEA levels were also found increased 
in patients with anorexia nervosa. A few months later, 
Engeli (2005, 2008) found increased AEA and 2-AG 
concentrations in the plasma of menopausal obese 
women in comparison to lean women of the same age. 
AEA levels were correlated to decreased FAAH mRNA 
expression in the subcutaneous adipose tissue depot. 
Finally, Matias (2007, 2008) have found increased AEA 

Figure 3: Sites of CB1Rs and potential effects of 
CB1R blockade.  
Patients with excess visceral fat exert 
increased plasma level endocannabinoids 
(ECs), which increase food intake through 
a central hypothalamic-mediated 
mechanism. In addition, through CB1R 
expression in adipocyte, ECs are decreasing 
adiponectin production. In the liver, high 
expression of CB1R increases FFA synthesis 
thus enhancing the production VLDL and 
LDL particles while lowering HDL particles 
along with triglycerides increase. The 
ECS regulation prevents cardiometabolic 
risk factors accumulation, thus disabling 
the progression of type 2 diabetes and 
coronary artery disease.
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and 2-AG concentrations in the plasma of obese dia-
betic subjects. 

Bluher (2006) and Cota (2006)in their own studies, 
measured both adipose tissue distribution and insulin 
sensitivity or glucose tolerance on obese patients. In the 
first study, 2-AG plasma concentrations were correlated 
with visceral adipose tissue mass, whereas obese subjects 
with subcutaneous adipose tissue accumulation were 
not different from the lean control group with regard 
to 2-AG plasma concentration. AEA on the other hand, 
was higher in women than in men, but no correlation 
with obesity or body fat distribution was assigned. The 
second study established a relationship between 2-AG 
levels and increased visceral adipose tissue mass regard-
less of the BMI of the subjects. AEA was negatively cor-
related with visceral fat mass. 

The above studies implicate increased 2-AG 
plasma levels with fatty acids and glucose metabolism 
dysregulation. 

Plentiful in vitro data also support the link between 
ECS overactivation and abdominal obesity (DiMarzo, 
2004; Engelli, 2005; Bari, 2006; Bluher, 2006; Kyrou, 
2006; Pacher, 2006; Despres, 2007; DiMarzo, 2008; 
Engeli, 2008). For example, increased concentrations 
of 2-AG in visceral adipose tissue have been associated 
with morbid obesity (Matias, 2007, 2008) while the gene 
expression of the enzymes participating in the metabo-
lism of 2-AG, does not change in obese subjects.

Many authors (Engeli, 2005; Monteleone, 2005; 
Bluher, 2006; Pacher, 2006; Despres, 2007; Matias, 
2007, 2008; DiMarzo, 2008; Engeli, 2008) report on the 
decreased mRNA levels for both CB1 and FAAH genes 
in subcutaneous and visceral adipose tissue depots of 
obese subjects independent of fat-distribution pheno-
type, thus suggesting that EC metabolism interefers 
with obesity pathogenesis

Regarding the potential genetic association of the 
ECS with obesity, the C385A missense mutation of the 
FAAH gene, which is associated with decreased FAAH 
stability and activity, has been linked to obesity preva-
lence (Sipe, 2005). This missense AA genotype has been 
found more frequent in obese Caucasians (4.8%) than 
in lean controls (2.1%). However, contradicting obser-
vations were made for African−American subjects 
(Jensen, 2007). The gene encoding CB1 (CNR1) has 
been studied but so far, its known polymorphisms have 
not been linked to obese phenotypes (Russo, 2007).

Cardiovascular functions

Both endogenous and synthetic cannabinoids exert 
noticeable cardiovascular effects. CB1Rs have been 
detected in the human, rat, and mouse myocardium 
mediating negative inotropy, which leads to vasodila-
tion and eventually to a hypotensive effect of AEA in 
anaesthetized rodents (Sarzani, 2008). Upon injection 
of AEA, there is a vagally mediated period of brady-
cardia and hypotension, which is followed by a brief, 

pressor reaction, which then gives way to a prolonged 
hypotensive effect. This third phase is prevented by 
selective CB1 blockade. AEA-induced cardiovascular 
effects appear to be absent in CB1 knockout mice (Stein, 
1996).

CB1Rs stimulation in sympathetic nerve terminals 
inhibits norepinephrine release, thus contributing to 
the bradycardic effects of AEA in vivo (Ashton, 2007). 

A vasorelaxant effect of endocannabinoids and their 
synthetic analogues in vitro has been reported and asso-
ciated with CB1 and TRPV1 receptor- and NO-medi-
ated or NO-independent mechanisms (Randall, 2007; 
Sarzani, 2008)

During shock states, platelets and macrophages 
exert elevated levels of endocannabinoids and their 
injection into normal rodents resulted in CB1 mediated 
hypotension. CB1R blockade prevented or reversed 
the hypotension associated with shock states; however, 
mortality was increased in the setting of cardiogenic 
shock, suggesting endocannabinoid-mediated vasodila-
tion may be protective by improving tissue oxygenation 
and countering vasoconstriciton mediated by increased 
sympathetic tone (Grassi, 2008).

In a recent experiment, Nieswandt (2005) showed 
that the injection of platelets and macrophages into 
normal rodents during shock states, resulted in CB1 
mediated hypotension, while CB1R blockade prevented 
or reversed the effect. However, mortality was increased 
in the setting of cardiogenic shock. 

Batkai and Patcher (2005) showed that spontane-
ously hypertensive rats exert an upregulation of cardiac 
and vascular CB1Rs compared to normotensive con-
trols, while AEA administration was found to induce 
a larger and longer lasting hypotensive effect in these 
rats compared to controls. Furthermore, Patcher (2005) 
showed that AEA and FAAH transport inhibitors do 
not lower blood pressure in normotensive animals and 
FAAH deficient mice.

The above suggest that the ECS is mainly inactive 
under normal hemodynamic conditions and gets acti-
vated when the body finds itself in a stressful situation.

CB2Rs have been assigned with a role in the athero-
sclerotic progression given their ability to modulate 
immune functions. (2005) used the apolipoprotein E 
knockout mouse model of atherosclerosis, to show that 
orally administered THC inhibits disease progression. 
CB2 receptors expressing immune cells were found in 
human and mouse atherosclerotic plaques. Lymphoid 
cells isolated from THC-treated mice exhibited no 
proliferation capacity and decreased interferon-γ pro-
duction. A selective CB2R antagonist blocked these 
effects, suggesting that targeting CB2Rs may offer a 
new approach in the treatment of atherosclerosis. The 
influence of the ECS on adiponectin (table 4) may also 
constitute a mechanism linking cannabinoids to athero-
genesis (Kong, 2006; Antuna-Puente, 2008; Beltowski, 
2008). CB1R activation in isolated adipocytes is known 
to suppress adiponectin expression, whereas CB1R 
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blockade increases adiponectin secretion by stimulat-
ing adiponectin mRNA expression. 

Further data also link atherosclerosis progression 
and ECS functions. For expample, Batkai (2004) inves-
tigated the age-associated decline of cardiac function 
and changes in inflammatory gene expression, nitrative 
stress and apoptosis in FAAH−/− mice compared with 
wild-type mice. Enhanced AEA levels in the FAAH−/− 
animals were protective, which further supports the 
protective role of endocannabinoids in inflammatory 
disorders such as atherosclerosis. Moreover, AEA dose-
dependently attenuated TNFα-induced intercellular 
adhesion molecule-1 (ICAM-1) and vascular cellular 
adhesion molecule-1 (VCAM-1) expression in human 
coronary artery endothelial cells (HCAECs), and the 
adhesion of THP-1 monocytes to HCAECs in a CB1 
and CB2 dependent manner. 

Regarding direct cardiac effects, AEA dose depend-
ently decreases contractile performance in isolated, 
electrically paced human atrial muscles, an effect inhib-
ited by CB1 antagonists. Ford (2002) using isolated, 
perfused, rat Langendorff heart preparations, studied 
AEA effect on coronary perfusion pressure and left 
ventricular developed pressure, suggesting the involve-
ment of a cardiac site of action distinct from CB1 and 
CB2 receptors.

Finally, in recent study, Fajardo (2007) provided evi-
dence that AEA is overproduced in a well-established 
model of DOX-induced acute heart failure, and that 
CB1 antagonists administration improve compromised 
contractile function. In addition, CB1 antagonists were 
found to exert powerful cytoprotective effect in cardio-
myocytes against DOX-induced cardiotoxicity both in 
vivo and in vitro by reducing apoptosis. The protective 
effect was not observed with CB1 and CB2 agonists and 
CB2 antagonists in vitro. The authors conclude that CB1 
antagonists may protect against DOX-induced cardio-
toxicity by exerting potent cytoprotective effects and by 
antagonizing AEA-mediated cardiodepression.

Gastrointestinal functions

Cannabis has been widely used as an appetizer stimu-
lant and in order to decrease emesis and diarrhoea. 

Recent evidence has correlated ECS dysregulation 
with a number of liver diseases, including hepatitis, 
non-alcoholic fatty lever disease (NAFLD), progression 
of fibrosis to cirrhosis, hepatic ischemia perfusion ((I/R) 
injury as well as their cardiovascular-related side effects 
(like cirrhotic cardiomyopathy and hyperdynamic cir-
culatory syndrome) (Caraceni, 2008). Additionally, the 
EC has been found to regulate the mechanisms medi-
ating cell injury and inflammatory responses during 
acute liver damage(Izzo, 2008). 

CB1Rs are found in cholinergic neurons across the 
enteric nervous system, including sensory and interneu-
ronal as well as motoneural cell bodies of the myenteric 
plexus, in mice, rats, guinea pigs, and pigs. They are also 
colocalized with neuropeptide Y and the intestinal pep-
tide in the submucous plexus neurons. Both CB1 and 
CB2 receptors have been found on plasma cells in the 
lamina propria, whereas only CB2R has been detected 
on macrophages. CB1 mRNA is expressed in liver or 
in various liver cells (e.g. hepatocytes, stellate cells and 
vascular endothelial cells). CB2R mRNA has been found 
in cirrhotic liver tissues (Howlett, 2004; Onaivi, 2006; 
Pacher, 2006; Despres, 2007; DiMarzo, 2008). 

Endocannabinoids are also present in the gastro-
intestinal tact. 2-AG was originally isolated from gut 
tissue, while it is known that AEA levels are regulated 
by feeding status. In a recent study, AEA was found to 
mediate development of diet-induced obesity and fatty 
liver in mice via the increase of de novo fatty acid syn-
thesis through the induction of lipogenic transcription 

Table 4: Adiponectin main properties and interventions to increase 
its levels

Antiantherogenic properties of adiponectin

Stimulates NO production 
Suppresses: 

Human umbilical vein endothelial cells apoptosis  ■
Macrophage-to-foam cell transformation ■
Proliferation and migration of smooth muscle cells  ■
Expression of growth factor in endothelial cells ■

Reduces expression of adhesion molecules in endothelial cells and 
cytokine production from macrophages 

Improves endothelium-dependent vasodilation 
Induces production of IL-10 
Inhibits: 

Expression of scavenger receptor class A-1 of macrophages ■
Proliferation of myelomonocytes and function of mature  ■
macrophages

Increases tissue inhibitor of metalloproteinase-1 expression in 
human monocyte-derived macrophages

Anti-diabetic properties of adiponectin

Improves insulin resistance and increases FFA oxidation
Decreases hepatic glucose production by inhibiting 

gluconeogenesis enzymes

Interventions to increase adiponectin levels

Lifestyle modifications
Weight loss (waist circumference reduction)
Smoking cessation
Decrease of the sympathetic nervous system activity

Pharmaceutical treatments
CB1 blockers: Rimonabant
Antihypertensives: Temocapril, Ramipril, Losartan, Candesartan, 

Nebivolol
PPARα Agonists: Fenofibrate
PPARγ Agonists: Thiazolinediones
Antidiabetic drugs: Glimepiride, Metformin
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factor and its target enzymes (Capasso, 2008). CB1R 
antagonist rimonabant arrested this effect in pretreated 
mice and in CB1

-/- knockout mice fed with a high-fat 
diet. Accordingly, treatment with rimonabant to obese 
Zucker (fa/fa) rats improved dyslipidemic parameters, 
reversed fatty liver and attenuated serum markers of 
liver injury, possibly through the reduction of TNF-α 
helpatic levels and an increase in plasma adiponectin 
levels.

Furthermore, AEA and some CB1 agonists but not 
CB2-selective agonists inhibit gastrointestinal motility 
in rodents in vivo and in isolated ileum and colon from 
both experimental animals and humans (Massa, 2006). 

Endogenous substrates of FAAH (e.g. N-arachi-
donoylserotonin, palmitoyliso-propylamide, palmi-
toylethanolamide, oleamide, and oleoylethanolamide) 
also inhibit intestinal motility in wild-type but not in 
FAAH knockout mice. 

It should be noted that in clinical trials with rimona-
bant, patients receiving the drug, encountered diarrhoea 
2,5 times more frequently than placebo ones, suggesting 
accelerated transit and/or enhanced secretion caused by 
CB1 blockade. 

The mechanism through which CB1Rs mediate 
enteric contractility and peristalsis reduction remains 
unclear. The effect is possibly achieved through (Car-
aceni, 2008): 

Reduction of acetylcholine ■  release from enteric 
nerves
Inhibition of nonadrenergic / noncholinergic ■  

excitatory transmission
Activation of apamin-sensitive K ■ + channels
Modulation of adenosine release  ■

The ECS has also been implicated in the regulation of 
gastric acid and intestinal secretions. At high doses, 
THC decreases histamine-induced gastric acid secre-
tion in isolated stomach preparations and in pylorus-
ligated rats. AEA, the AEA transport inhibitor VDM11 

and the CB1 agonist ACEA all inhibit intestinal secre-
tion and fluid accumulation in mice treated with chol-
era toxin, whereas rimonabant exerts opposite effects 
(Tyler, 2000). 

Several findings also support the protective role of 
the ECS against inflammatory bowel disease (IBD). In 
a mouse model of colitis induced by 2,4-dinitrobenzene 
sulfonic acid and dextrane sulfate, Massa (2008) con-
firmed the up-regulation of CB1Rs in experimental coli-
tis. Furthermore, it was shown that the inflammation 
was more severe in CB1

-/- knockout mice than in wild-
type ones, whereas genetic ablation of FAAH resulted in 
protection against the chemically induced colitis. 

However, Croci’s (2003) study revealed contradictory 
results. This group reported on a CB1R independent 

protective effect of rimonabant against indomethacin-
induced inflammation and ulcer formation in the small 
intestine of rats. AEA elevated levels and desensitization 
of the presynaptic neural CB1R suggests that the ECS is 

involved in the pathophysiology of this frequent com-
plication of colitis and/or colon cancer.

Endocannabinoids and CB1Rs have been implicated 
in the systemic and portal vasodilation and hypoten-
sion associated with chronic liver cirrhosis (Mallat, 
2006, Caraceni, 2008). CB1R blockade with rimonabant 
reverses hypotension and low peripheral resistance and 
decreases elevated mesenteric blood flow and portal 
pressure in rats with biliary and carbon tetrachloride-in-
duced cirrhosis. The hemodynamic parameters remain 
unaffected in noncirrhotic control subjects. This implies 
that CB1Rs are upregulated in hepatic vascular endothe-
lial cells and that circulating monocytes overproduce 
AEA. There is recent experimental evidence implicat-
ing increased signalling through myocardial CB1Rs in 
the pathogenesis of cirrhotic cardiomyopathy.

The ECS may also be involved in the pathogenesis 
of liver fibrosis (Caraceni, 2008; Siegmund, 2008). It 
was recently reported that AEA exerts antifibrogenic 
effects in vitro by inhibiting activated hepatic stellate 
cells at low micromolar concentrations and by inducing 
their necrosis at higher concentrations, via CB1/2 and 
TRPV1-independent mechanism(s). 

In another study, liver fibrosis induced by carbon 
tetrachloride was more severe in CB2-/- knockout mice 
compared with their wild-type littermates. The expres-
sion of CB2 receptors was strongly induced in liver 
biopsy specimens from patients with active cirrhosis of 
various etiologies. Furthermore, CB2 receptor activation 

triggered growth inhibition and apoptosis in myofibro-
blasts and in activated hepatic stellate cells, highlighting 
the antifibrogenic role of CB2 receptors during chronic 
liver injury (Wright, 2008). 

In all, and despite the lack of knowledge regarding 
exact mechanisms, it is obvious, that the ECS holds 
an important role on the modulation of inflammatory 
response in a variety of liver disorders 

It seems that CB1 agonists and FAAH antagonists 
may afford a beneficial effect on increased gastrointes-
tinal motility, bowel inflammation, and associated diar-
rhoea, whereas CB1 antagonists may be further used in 
the treatment of constipation (Capasso, 2005). 

In chronic liver cirrhosis, CB1 antagonists not only 
improve the hemodynamic side effects, offering an 
improvement in the quality of life of these patients, but 
might also reverse fibrosis progression and neurological 
decline associated with hepatic encephalopathy. 

A protective role has also been demonstrated for CB1 
antagonists in the treatment of obesity-associated liver 
diseases and related features of metabolic syndrome 
through the amelioration of dyslipidaemia param-
eters and reversion of systemic and liver inflammation 
(Pacher, 2006; Cota, 2007; Despres, 2007; Cota, 2003; 
DiMarzo, 2008) (figures 2,3). 

The potential of selective CB2R agonists lies within 
the protection against liver fibrosis progression and per-
haps against the chronic inflammation associated with 
IBD, mainly through attenuation of the endothelial cell 
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activation/inflammatory response. In this case, lack of 
psychiatric side effects may constitute a further advan-
tage (Pacher, 2006; Caraceni, 2008; Massa, 2006; Mallat, 
2006). Whether the above effects are exclusively attrib-
uted to CB1 and CB2 receptors, or non- CB1/non CB2 
receptors are engaged in these processes, remains to be 
clarified.

Immune and Behavioral functions

Depression and suicidality are mediated by the mono-
amine neurotransmitter pathways in the prefrontal 
cortex and in particularly with 5-hydroxytryptamine 
(5-HT) and noradrenaline (NA) levels (Wolf, 2008). 
Given the side-effects and pharmacological profile of 
currently used drug treatments, the existence of new 
potential therapeutic targets like the ECS have earned 
a growing interest for the treatment of depression, sui-
cidality, forms of addictions and schizophrenia, given 
its crucial role in mood regulation, cognition, motiva-
tion and emotional behaviour (Laviolette, 2006; Vinoid, 
2006; Hashimorodani, 2007; Martinez-Orgado, 2007; 
Mackie, 2008; Cabral, 2008).

Though the available data are limited, there is a 
number of preclinical and clinical data assigning the 
ECS with several functions in the above conditions.

The pathophysiology of depression has been linked 
to CB1Rs over-expression from post-mortem studies, 
which demonstrated higher levels of both CB1R and 
CB1-receptor-mediated G-protein activation in the 
dorsolateral prefrontal cortex (DLPFC) of depressed 
suicide victims compared with normal controls. Addi-
tionally, the polymorphisms of the CNR1 gene have 
been associated with a genetic risk predisposition for 
depression in Parkinson’s disease (PD). PD patients 
with long alleles in the CNR1 gene were found suscep-
tible to depression, indicating a potential role of the 
gene in the depressive disorder (Pacher, 2006; Onaivi, 
2006; Vinoid, 2006; Kovalfi, 2007). 

Other studies, correlate cannabis abuse, mood alter-
ation and the involvement of the ECS in the aetiology 
of schizophrenia, since long-term cannabis abuse alters 
cognition and attention and might provoke symptoms 
of anhedonia, which resemble negative symptoms of 
schizophrenia (Muller-Vahl, 2008). To support this, 
post-mortem studies have shown an over-expression of 
the CB1R in the prefrontal cortex, striatum and ante-
rior cingulate cortex of schizophrenics while enhanced 
CB1-receptor signalling in the specific brain regions 
are associated with symptoms of psychotic and affec-
tive disorders.

Furthermore, there is evidence linking sensitization 
of cortical CB1-receptor-mediated G-protein activa-
tion to suicide. Higher AEA and 2-AG levels have been 
observed in the DLPFC of alcoholic suicide victims 
(Hashimotodani, 2007; Wolf, 2008). 

Vinod (2005) reported an increase in CB1R mRNA 
in the dorsolateral prefrontal cortex of subjects with a 

lifetime diagnosis of major depression that committed 
suicide, compared to normal controls that died by acci-
dent or natural causes. Hill (2008) reported on reduced 
2-AG serum levels in drug-free females diagnosed 
with major depression compared to demographically 
matched controls. 2-AG levels were negatively corre-
lated to the duration of depressive episode, while serum 
AEA was not associated with major depression, but was 
negatively correlated with anxiety parameters.

Pharmacological studies have revealed the impor-
tance of the ECS in depressive-like responses in rodents 
(Laviolette, 2006; Vinod, 2006; Hashimotodani, 2007; 
Martinez-Orgando, 2007; Cabral, 2008; Mackie, 2008). 
For example, rimonabant bears antidepressant-like 
effects in animal models. In addition, the same agent 
yields antidepressant activity similar to that of fluox-
etine in various animal models of depression. CB1 
knockout mice display increased anxiety-like behav-
iour compared to wild-type controls under stressful 
conditions. Additionally, CB1R knockout mice have 
increased sensitivity to develop anhedonia in the CUS 
model of depression, and display several other behav-
ioral responses similar to the symptoms of melancholic 
depression.

It is not yet clear how this effect is yielded but 
according to some theories, rimonabant increases 
5-HT, NA and dopamine levels in the prefrontal cortex 
by enhancing the AEA–CB1R signaling pathway, there-
fore regulating mood behaviour. However, it should be 
noted, that in clinical trials of rimonabant for the treat-
ment of obesity, anxiety and depression are among the 
most frequent adverse events (Xie, 2008).

Stress-induced alterations in the central ECS might 
also be associated with depression mood changes. Hill 
(2005) demonstrated downregulation of the ECS in 
the rat hippocampus by chronic unpredictable stress. 
Acute stress, however, induces elevated levels of pre-
frontal cortical AEA, and midbrain AEA and 2-AG in 
rodents. 

Finally, abnormalities in the cAMP–PKA–CREB 
pathway have also been reported in the post-mortem 
prefrontal cortex of depressed suicide victims. Because 
of the abundance of the CB1R, its levels alterations have 
a greater impact on the cAMP pathway. Upregulation 
of the CB1R might therefore enhance the ability of the 
Gi protein to inhibit AC activity, accounting for the 
decreased activity of the cAMP–PKA–CREB pathway, 
which may be implicated in the pathophysiology of 
depression and suicide (Vinod, 2005; Laviolette, 2006; 
Vinod, 2006; Hashimotodani, 2007; Martinez-Orgando, 
2007; Cabral, 2008; Mackie, 2008)

Finally, an interaction of the ECS with the hypotha-
lamic–pituitary–adrenal (HPA) axis has been estab-
lished (Cota, 2008). HPA axis has a crucial role in mood 
regulation via the control of glucocorticoid hormones 
– cortisol in humans and corticosterone in rodents – 
circulating levels, which are elevated in depression and 
in response to stress. CB1Rs have been found to acti-
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vate the HPA axis following stimulation of the neurons 
containing corticotrophin-releasing factor. Further-
more, rimonabant attenuates a CB1-receptor-stimulated 
increase in corticotrophin and corticosterone levels. 
The levels of adrenocorticotrophin are lower in CB1

−/− 
mice. ECS signaling inhibits the HPA axis through the 
CB1R as well. Basal and stress-induced plasma levels of 
adrenocorticotrophin and corticosterone are higher in 
CB1

−/− mice, indicating a context-dependent alteration 
in the function of the HPA axis. Given the importance 
of the HPA axis in the pathophysiology of depression 
and suicidality, the ECS might have an important role in 
the regulation of mood and emotional response, which 
are impaired in patients with suicidal behaviour (Lavio-
lette, 2006; Vinoid, 2006; Mackie, 2008; Zhao, 2008) 

It is evident, that current research is bound to reveal 
the exact mechanisms through which the ECS is impli-
cated in human behavioural disorders and answer the 
questions rising by the contradicting preclinical and 
clinical data. 

Bone metabolism

The correlation of the ECS with the regulation of skel-
etal and bone remodeling has derived upon several 
preclinical observations and deeper understanding of 
the ECS itself (Zhao, 2008; Bab, 2008; Tam, 2008). For 
instance, in the case of bone formation and bone mass, 
the central production of 2-AG, is subject to negative 
regulation by leptin, while traumatic head injury stim-
ulates both bone formation and central 2-AG produc-
tion. On the other hand bone metabolism is subject to 
biochemical pathways involving signaling by the hypo-
thalamic receptors of leptin and neuropeptide Y, which 
are regulated by the ECS. 

Several preclinical data confirm the expression of CB 
receptors in bones. 

Osteoblast progenitors exhibit very low levels of both 
CB1 and CB2 receptors. Nevertheless, under certain 
experimental conditions osteoblast CB2 mRNA expres-
sion increases progressively in parallel to the expression 
of osteoblastic marker genes such as tissue non-specific 
alkaline phosphatase (TNSALP), parathyroid hormone 
receptor 1 (PTHRc1) and the osteoblastic master regu-
latory gene, RUNX2. In osteoclasts, CB1 is also mildly 
expressed but CB2 mRNA transcripts are increased. 
In vivo, CB2 protein has been found in trabecular 
osteoblasts, osteocytes and osteoclasts. CB1R is highly 
expressed in skeletal sympathetic nerve terminals(Zhao, 
2008; Bab, 2008; Tam, 2008).

The presence of endocannabinoids has also been 
substantiated in the skeleton. AEA and 2-AG levels in 
bones are equally high to their hypothalamic levels, 
while there is evidence of their synthesis by osteoblastic 
cells in culture. Additionally, DAGLa and DAGLb (dia-
cylglycerol lipase), which are essential for the biosyn-
thesis of 2AG, are expressed in osteoblasts, osteocytes 
and bone-lining cells. 

According to Bab (2008), 2-AG activates CB1Rs in 
the sympathetic nerve terminals, whereas AEA affects 
bone cells by binding to CB2 receptors.

Tam (2006) has reported on data confirming the 
implication of ECS in bone metabolism. This group 
found that CB2 deficient mice have a low bone mass 
(LBM) phenotype and that specific activation of CB2 
receptors attenuates ovariectomy-induced bone loss 
possibly by restraining osteoclastogenesis and stimulat-
ing bone formation. 

An interesting aspect is that the activation of CB1Rs 
is differentiated according to the age and gender. CB1Rs 
control osteoblast function through negative regula-
tion of norepi-nephrine release from sympathetic nerve 
terminals near these cells (Zhao, 2008; Bab, 2008; Tam, 
2008). The age and gender link has not been shown for 
CB2 receptors, whose main involvement seems to be the 
preservation of bone remodeling. 

The available data, although still experimental and 
controversial, suggest that the CBR is a contributor of 
human osteoporosis pathogenesis. 

Ofek (2006) found that CB2 knockout mice experi-
ence accelerated age-related trabecular bone loss and 
cortical expansion accompanied by increased activity 
of trabecular osteoblasts, increased numbers of osteo-
clasts, and decreased numbers of diaphyseal osteo-
blast precursors. The corresponding administration of 
selective CB2 agonist HU-308, but not the CB1 agonist 
noladine ether, weakened ovariectomy-induced bone 
loss and stimulated cortical thickness. Furthermore, 
HU-308 dose dependently increased the number and 
activity of endocortical osteoblasts and restrained tra-
becular osteoclastogenesis by inhibiting proliferation of 
osteoclast precursors. These results attribute a potential 
role for CB2 receptors in osteoporosis progression and 
have been confirmed by a genetic association study. 

On the other hand, Eleftheriou (2008) showed that 
CB1 knockout mice and those treated with antagonists 

of CB1 or CB2 receptors were protected from ovariec-
tomy-induced bone loss. Simultaneously, evidence 
supporting osteoclast apoptosis promotion, osteoclast 
activity inhibition and a decrease in the production of 
osteoclast survival factors in vitro were presented. 

Antiproliferative functions

THC was recognized as a potential anti-cancer almost 
30 years ago, while cannabinoids have been known to 
afford palliative effects in cancer patients including 
appetite stimulation, chemotherapy-related nausea 
inhibition (Nabilone, a synthetic derivative of THC, has 
been launched under this indication), pain and insom-
nia relief as well as mood elevation (Guzman, 2003; 
Hall, 2005; Pertwee, 2005; Pacher, 2006,Onaivi, 2006). 

Plentiful studies have associated cannabinoids 
with cancer growth inhibition in many cancer types 
but in most cases in a cell type specific mechanism. 
Cannabinoids are known to interact with tumor cells 
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cycles resulting in growth arrest, apoptosis inhibition, 
angiogenic activity and reduced tumor cell migration. 
The mechanisms for these activities are not yet clear 
since cannabinoid receptors have been found to inter-
fere with various intracellular signaling pathways (Fly-
gare, 2008).

Endocannabinoids levels vary according to cell 
type and malignancy. For example, AEA concentra-
tion in normal colon tissue triples upon malignant 
transformation

Given that the cellular uptake of endocannabinoids 
is very rapid both in vivo and in vitro, the only way to 
investigate their antitumor effect is by locally increas-
ing their concentrations at the tumor cell surface by 
blocking endocannabinoid transport and inactivating 
enzymes FAAH and MAGL. In this way anti-tumor 
effects of CB receptors signaling have been induced in 
thyroid, brain and prostate cancer. Using a xenograft 
model of thyroid cancer, endocannabinoid degradation 
inhibitors have been found to increase AEA and 2-AG 
levels in tissue and reduced tumor growth (Sarfaraz, 
2008). 

The interaction with CB1/CB2-and VR1 receptors is 
another mechanism through which AEA, 2-AG, and 
some endocannabinoid transport inhibitors induce 
apoptotic cell death and inhibit cell proliferation in 
glioma, oligodendroglioma, astrocytoma, neuroblas-
toma, pheochromocytoma, colon carcinoma, uterine 
cervix carcinoma, leukemia, and lymphoid tumors 
(Pushkarev, 2008).

In brain cancer (glioma and glioblastoma), can- 
nabinoids inhibit cell proliferation through stimulation 
of ceramide synthesis in a tumor selective way. Velasco 
(2007) reported on a clinical study evaluating the effect 
of intracranial THC administration in patients with 
glioblastoma.

Estrogens and prolactin regulate breast cancer, 
which is a hormone-dependent malignancy. In vitro, 
cannabinoids have been found to arrest cell cycle 
through down-regulation of prolactin receptors. The 
same effect applied when FAAH was blocked, meaning 
that breast cancer cells are capable of producing endo-
cannabinoids that inhibit proliferation (Maccarrone, 
2003; Bari, 2006).

In prostate cancer, CB1 and CB2 receptors are over-
expressed in comparison to benign prostatic epithe-
lium. Cannabinoids inhibit cancer cells proliferation in 
vitro. Several mechanisms have been proposed to sup-
port this effect but the most accepted include prolactin 
receptors inhibition, down regulation of the androgen, 
PSA and EGFR receptor (Bifulco, 2008).

In opposition, Hart (2004) published on how THC, 
AEA, HU-210, and WIN 55,212-2 induce EGF recep-
tor and metalloprotease-dependent cancer cell pro-
liferation in lung, kidney, squamous cell and bladder 
carcinoma, glioblastoma and astrocytoma. In the same 
study micromolar concentrations of cannabinoids 

induced cancer cell apoptosis, in agreement with previ-
ous reports. 

These results alone substantiate the dual actions of 
cannabinoids on cancer cell growth. Their effect may 
be the combination of direct toxic effects on cells, 
increased cannabinoid signaling and effects mediated 
by cannabinoid metabolites since low concentrations 
are pro-proliferative and high concentrations exhibit 
antiproliferative action (Flygare, 2008). 

The correlation of the immune system with cancer 
pathogenesis may be another link of cannabinoids to 
anticancer effects since cannabinoids bear well-estab-
lished immunosuppressant effects. It is indicative that 
approximately 50% of primary AML (acute myeloid 
leukemia) expresses CB2Rs while MCL (mantle cell 
lymphoma) demonstrate high expression of both CB1 
and CB2 receptors. On the other hand, THC enhances 

breast and lung cancer growth and metastasis by sup-
pressing CB2R-mediated antitumor immune responses, 
leading to infections susceptibility (Pertwee, 2005, 2008; 
Kofalvi, 2007; Flygare, 2008; Sarafaz, 2008).

Very recently, tumor angiogenesis was associated 
with cannabinoids activity. For example, cannabinoids 
inhibit VEGF production in glioma, skin and thyroid 
cancer, while at the same time, they target directly 
the tumor vasculature (Bifulco, 2008; Flygare, 2008). 
Cannabinoids acting on CB1R, also inhibit bFGF 
induced endothelial cell proliferation, tube formation 
and sprouting, inducing apoptosis in endothelium in 
vitro and in vivo.

The current findings are encouraging implying that 
cannabinoids may be the next therapeutic target to 
inhibit tumor growth. 

Rimonabant reverts the effect of CBR agonists in vivo 
and in vitro at nM and low μM concentrations (Flygare, 
2008). This effect leaves a question mark on whether 
this class of drugs could enhance carcinogenesis, but 
so far no such data have been published. Rimonabant 
has been also found to inhibit growth on breast, colon 
thyroid cancer cell lines, as well as on primary cells and 
malignant lymphoma cell lines (Bifulco, 2008; Flygare, 
2008).

Reproductive functions

There are several data indicating that the ECS is 
involved in reproductive functions in both male and 
female animals and humans (figure 4). 

Blastocysts, spermatozoa, uterus and testis syn-
thesize enocannabinoids and mainly AEA, which is 
present throughout the whole pregnacy period. Paria 
(2000, 2002) has shown that uterine AEA levels fluctu-
ate during the progression of pregnancy, and are lower 
in the receptive uterus on day 4 of pseudopregnancy, 
compared with the levels in the non-receptive uterus on 
days 5 and 6. The author concluded that an increase in 
AEA levels is associated with embryotoxic effects and 
inhibition of embryo development. 
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The enzymes FAAH and NAPE-PLD also play a 
crucial role in the regulation of both AEA levels and 
signalling pathways of human reproduction, regulating 
the oocyte transfer for the ovaries to the implantation 
site (Taylor, 2007, Sun, 2008). 

Wang (2007) provided evidence that FAAH and 
NAPE-PLD levels are noticeably high on days 1–4 of 
pregnancy in the non-receptive uterus and at the inter-
implantation sites, while FAAH is highly expressed 
in the epithelium at the ampullary region. FAAH is 
present at the morula and blastocyst stages but NAPE-
PLD is expressed in embryos at all stages, suggesting 
a more regulatory activity in preimplantation. FAAH 
activity facilitates AEA disposal at the implantation 
site and there is data showing its inactivation delays 
implantation. 

The CB1R involvement in embryo development 
has also been demonstrated. Wang (2006) claims that 
rimonabant administration is able to resume the exact 
on-time implantation per se and reverse the negative 
effects of endocannabinoids on the development of 
two-cell embryos into blastocysts in culture.

CB1
−/− knockout mice show pregnancy loss attrib-

uted to maternal loss of the receptor. In addition, 
the normal CB1 accounts for the ehancement of the 
oviduct-to-uterus transport of embryos. Therefore, its 
deficiency results in embryo retention, ectopic preg-
nancy and reduced fertility in this kind of mice. 

Paria (1995, 1996, 1999) have conducted an intersting 
experiment trying to confirm whether embryos deficient 
in CB receptors respond to endocannabinoids in vitro. 
Therefore, two-cell wild-type or mutant embryos were 
cultured in the presence or absence of AEA. A compa-
rable development of wild-type and mutant embryos 
was observed in the absence of AEA, while CB1

-/- and 
CB1

-/-/CB2
-/- mutant embryos, but not CB2

-/- or wild-

type embryos, were resistant to the inhibitory action of 
AEA. This observation reinforces the assumption that 
CB1 is the functional receptor for ensuring embryo 
growth and differentiation to blastocysts. In all, mouse 
models provide evidence that embryonic CB1 primar-
ily contributes to normal embryo development, while 
oviductal CB1 directs the timely oviductal transport of 
embryos.

CB2Rs seems to hold a role only in embryo devel-
opment in a non-fully understood way (Maccarrone, 
2008). CB2 mRNA is present at the one-cell stage and 
is maintained through the blastocyst stage. CB2 recep-
tors are only restricted to the ICM cells and potentially 
affect embryo development via ICM cell lineage deter-
mination (Fride, 2008) (table 5).

The expression of CBRs has also been investigated in 
human uterus during pregnancy in order to determine 
the endocannabinoid impact on myometrial contractil-
ity. Dennedy (2004) showed that AEA and THC exert 
a direct, relaxant effect on myometrial contractility 
in vitro. Rimonabant was found to prevent this effect, 
while an experimental CB2 antagonist (SR144528) did 
not, although human endometrium expresses both 
receptor subtypes.

Helliwell (2004) in his own experiments using 
RT-PCR, detected no CB1 mRNA in human placenta 
from first trimester tissues, while CB2 mRNA was 
found in the majority of samples. CB1 positive samples 
were immune inactive, while the CB2-positive cells 
immunoreacted to anti-CD14 antibodies. The authors 
concluded that human placenta only expresses the CB2 
receptor, which may be a placentation process media-
tor and a regulator of normal immune responses during 
early pregnancy.

This last observation attracts further interest given 
the established role of CB2 receptors in immune fuc-

Table 5: Distribution and expression of CB2 receptors in reproductive cells and tissues Adjusted from Maccarrone, 2008

Preclinical data Sex affected

CB2 is weakly expressed in boar sperm cells and normal and malignant human prostatic epithelium ♂

CB2 -/- mice present an early non-synchronous embryo development in vivo ♀

CB2 mRNA is expressed in human uterus and myometrium ♀

CB2 mRNA is expressed in rat testis ♂

CB2 mRNA and protein are expressed in first trimester human placenta ♀

CB2 mRNA is expressed during the early stages of mouse embryo development and throughout the 
preimplantation period

♀

CB2 mRNA and protein are expressed in mouse Sertoli cells bearing anti-apoptotic properties ♂

Impact of fertility-related hormones and cytokines on FAAH activity and expression Adjusted from Battista, 2008

Increase of FAAH levels Decrease of FAAH levels
IL-4 IL-2
IL-10 IL-12
Progesterone IFN-g
Leptin NK
LIF TNF-a
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tions in combination with the immunoregulation to 
which mammalian reproduction subjected to (figure 
5). 

Among others, peripheral CB2 expression (Piomelli, 
2005; Pagotto, 2006; Wang, 2006; Battista, 2007; Mac-
carrone, 2008; Battista, 2008) is known to: 

Stimulate MCP-1 and IL-8 gene expression ■
Reduce human monocytic cell (neuro) toxicity  ■
and cytokine secretion
Modulate TNF- ■  gene expression
Negatively regulate IL-12p40 production in  ■
murine macrophages

In a similar way, normal gestation is based on an early 
immunological adaptation involving peripheral T 
lymphocytes of pregnant women, producing Th1 and 
Th2 cytokines. Th1 cytokines (IL-2, IL-12 and IFN-γ) 
impair gestation by damaging the Tr, via stimulation of 
NK cells and enhancement of TNF-α secretion. On the 
other hand, Th2 cytokines (IL-3, IL-4 and IL-10) favour 
blastocyst implantation and pregnancy by promoting 
Tr growth through the NK cells activity inhibition and 

the stimulation of natural suppressor cells. Added to 
that, one should also consider that FAAH expression 
in T-lymphocytes is regulated by Th1/Th2 cytokines: 
IL-4 and IL-10 enhance FAAH activity, while IL-2 and 
INF-γ attenuate it (Maccarrone, 2002).

Based on the above, one may further conclude on 
the CB2 impact on the cytokine network regulating the 
maternal/foetal interactions.

Regarding male fertility, only a limited number of 
both experimental and in vivo studies are available on 
the involvement of ECS (Wang, 2006; Battista, 2008; 
Cacciola, 2008; Maccarrone, 2008; Rossato, 2008). 

It is known that males smoking cannabis exert 
decreased plasma LH levels, leading to decreased 
plasma testosterone. FSH secretion is also modulated by 
cannabinoids and the combined effects on the gonado-
trophins lead to decreased sperm count in regular can-
nabis smokers in comparison to occasional ones. The 
effects of cannabinoids on gonadotrophin secretion are 
localised upstream to the pituitary, and in particular, 
at the pre-optic area of the hypothalamus where both 
CB1Rs and LHRH-secreting neurones are found. Can-
nabinoids negatively modulate the activity of LHRH-

Figure 4: Main effects of the ECS components in male and female fertility

Figure 5: Potential roles of CB2 receptors in reproductive systems
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secreting neurones by direct and indirect mechanisms. 
The identification of CB1Rs at the anterior pituitary 
indicate their effect on LH and FSH secretion (Park, 
2004).

N-acylethanolamines (NAEs) are expressed in 
human reproductive fluids, in rodent testis, in Sertoli 
cells and in boar spermatozoa. The binding of AEA to 
CB receptors of sea urchin spermatozoa reduces their 
fertilising capacity, whereas AEA affects the capacita-
tion process and acrosomal reaction of spermatozoa 
in mammals. Recently, AEA has been shown to reduce 
human sperm motility by reducing mitochondrial activ-
ity and to inhibit capacitation-induced acrosome reac-
tion, by triggering CB1 signalling. It has been sugegsted 
that this progresses via a cAMP-dependent pathway 
triggered by CB1R activation (Schuel, 2002). 

Sertoli cells synthesize both AEA and 2-AG. These 
cells express functional CB2 receptors on their surface, 
and the levels of this receptor remain stable for at least 
16 days. Conversely, FAAH activity and the uptake of 
AEA have been found to decrease in an age-dependent 
manner, owing to downregulation of gene expression 
(Wang, 2006; Battista, 2008; Maccarrone, 2002, 2008; 
Rossato, 2008). 

The CB2R has been recently described in Sertoli cells 
as a modulator of their apoptosis. Moreover, Leydig 
cells express the CB1R, which, when activated, induces 
a reduction of testosterone production, thus further 
inhibiting the spermatogenetic process. 

Additionally, both FSH and CB2 receptors expressed 
by Sertoli cells have a protective role against the toxic 
effects of AEA. It can be therefore suggested that altered 
levels of FSH during testis development may control 
the proapoptotic potential of AEA, thus contributing to 
the differentiation process (Wang, 2006; Battista, 2008; 
Maccarrone, 2002, 2008). 

It was as early as 1981, when Perez first reported that 
cannabinoids negatively influence sperm motility in 
different mammalian species. Nevertheless, it was very 
recently, when these inhibitory effects were attributed to 
the CB1 activation receptor. Cobellis (2006) confirmed 
this observation with his experiment on CB1

-/- knock-
out mice, which showed that sperm from these mice 
exert a dramatic increase in motility percentages in 
the caput epididymis. In any case, the limited number 
of clinical data as well as the lack of mechanisms fully 
explaining the effect reguires further research before 
safe conclusions are drawn on the CB1 activation effect 
on sperm motility. 

In addition, cananbinoids have been found to inter-
act with sperm capacitation (Rossato, 2008). In a recent 
experiment, sperm pre-incubation with rimonabant has 
been found to enhance the signalling pathways through 
which, sperm capacitation is achieved.

Regarding sperm acrosome reaction, CB1R activa-
tion reduces the ability of sperm to undergo acrosome 
reaction both in vertebrates and invertebrates, further 

confirming the inhibitory effects of cannabinoids on 
sperm fertilising ability.

The existing data suggest that sperm function is 
regulated by endocannabinoids via a dual stage-depen-
dent effect. On the one hand, AEA, prevents premature 
capacitation in freshly ejaculated sperm via a CB1 (and 
potentially CB2)-mediated mechanism, contributing 
to the maintainance of a suitable environment for the 
sperm to transfer through the uterine tract. On the 
other, when sperm reaches the oviduct, this inhibition 
effect degrades, allowing the sperm to be exposed to 
a progressively reduced concentration of AEA in the 
proximal female genital tract(Wang, 2006; Battista, 
2008; Maccarrone, 2002, 2008, Rossato, 2008). 

In all, the preclinical and clinical data create a cau-
tionary environment around women of reproductive 
age regarding long-term use or abuse of marijuana or 
other endocannabinoid system-orientated drugs. 

Although weight loss is often advised for women 
trying to get pregnant, the potential side effects of CB1 
antagonists on fertility should be well considerd before 
their administration in this particular group of obese 
patients. 

Given the recent launch of CB1 antagonists in order 
to treat obesity, we cannot neglect the influence of adi-
pokines and enterokines in human reproduction. The 
ECS impact on the reproductive system is not only 
directly expressed via the above described activities but 
is also occurring via the regulation of adipokines and 
enterokines levels, that are associated with fertility. 

Hormones regulating energy metabolism exert 
different effects on several reproductive events. For 
example, insulin and insulin-like growth factors affect 
ovarian steroidogenesis, folliculogenesis, and ovulation 
physiology. Insulin resistance is known to contribute to 
the pathogenesis of polycystic ovary syndrome (PCOS) 
(Vignesh, 2007).

In addition, the adipose tissue is implicated on estro-
gen production and metabolism and regulates SHBG 
levels, thus contributing to the HPA axis sensitivity. 
Adipokines like leptin, adiponectin, resistin and entero-
kines like ghrelin, and peptide YY3-36 have been found 
to interact with both energy homeostasis and reproduc-
tive functions. Table 3 summarizes the metabolic and 
concurrent reproductive effects of several adipokines 
and enterokines (Gosman, 2006; Mircea, 2007). 

Nutritional disorders of all kinds disrupt gonadotro-
pins and gonadal hormones and therefore interfere with 
menstrual pattern and fertility potential. Many clinical 
studies have proved that medium weight loss (<10%) 
is capable of improving PCOs pathological parameters 
and increase fertility rates (Pasquali, 2006; Balen, 2007; 
Metwally, 2007).

As already mentioned, leptin is an important com-
ponent in the long-term regulation of body weight and 
energy expenditure (Mitchell, 2005; Pasquali, 2006; 
Crown, 2007; Loucks, 2007). Its effects on reproductive 
physiology lies on several different aspects like puberty, 
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HPA axis function maintenance, menopause and preg-
nancy outcome, endometriosis, PCOs, ART treatment.

Leptin mainly acts as a catalyst in the initiation of 
pulsatile GnRH secretion and maturation of the repro-
ductive axis. Leptin levels increase is one of the earliest 
signs of puberty initiation and contributes to the HPA 
axis activation, resulting in increased sex steroid pro-
duction and subsequent activation of the GH–insulin-
like growth factor I axis (Grisaru-Granovsky, 2008). 

Several preclinical data support this hypoth-
esis (Mircea, 2007, Gosman, 2006; Paraskevas, 2006; 
Henson, 2006). For example, early onset of reproduc-
tive function is observed in normal female mice after 
leptin treatment. In leptin deficient (ob/ob) mice, 
exogenous leptin administration reverses anovulation 
and sterility. Leptin-gene knockout mice exert normal 
sexual development but remain prepubertal without 
ovulating. Leptin administration restores their fertility. 
Prepubertal mice treated with leptin become thin but 
also reach early reproductive maturity in comparison 
to control mice. Female transgenic skinny mice over-
expressing leptin have accelerated onset of puberty. In 
prepubertal male rats, leptin administration causes a 
dose-related stimulatory effect on GnRH secretion as 
well as an increase in the frequency of pulsatile GnRH 
secretion before puberty and an increase in amplitude 
after puberty. 

Similar results have been drawn from studies in 
humans. For example, Matkovic (1997) showed that 
higher levels of leptin correspond to earlier menar-
che. Grinspoon (1996), Grasemann (2004) and Mate-
jek (1999), have found low leptin levels in anorectic 
women, children with delayed puberty and athletes. 
Strobel (1998) has associated leptin missense muta-
tion with hypogonadism and morbid obesity. In his 
own study, Mantzoros (2007) found that leptin levels 
are sex-related during progressive pubertal stages. 
Girls show a steady rise in serum leptin levels through-
out puberty, whereas boys appear to peak just before 
puberty. The authors suggest that the suppressive effect 
of testosterone on leptin production may account for 
the decrease in serum leptin levels in boys after the ini-
tial prepubertal rise, whereas estrogen increase in girls 
may account for their higher serum leptin levels during 
the late stages of puberty.

Leptin is also known to facilitate GnRH secretion 
via indirect mechanisms, acting through interneurons 
secreting neuropeptides such as cocaine and amphet-
amine-regulated transcript peptide and/or melano-
cortin-concentrating hormone. In addition, there is 
evidence that leptin may be increasing NO release from 
adrenergic interneurons, which then induces GnRH 
release from GnRH neurons by activating guanylate 
cyclase and COX-1. Leptin contributes to the hypotha-
lamic control of pulsatile GnRH secretion, influences 
the regulation of GnRH, FSH, LH, ACTH, cortisol, and 
GH concentrations and accelerates GnRH pulsatility 
in arcuate hypothalamic neurons in a dose-depen-

dent manner. Other studies have shown that estrogen 
administration stimulates leptin secretion, whereas 
hyperinsulinemia, hyperandrogenism, and hyperpro-
lactinemia inhibit its circulating levels (Gosman, 2006; 
Mircea, 2007; Crown, 2007). 

In a very interesting study, Di Carlo (2007) reported 
on the increased serum leptin levels and body fat com-
position in menopausal women not receiving hormonal 
therapy. The authors correlated the development of 
abdominal obesity with serum leptin levels in untreated 
postmenopausal women and proved that hormonal 
therapy restores adipose tissue levels.

The role of circulating leptin levels during the men-
strual cycle remains highly controversial and several 
authors have reported on its levels fluctuation. The only 
common observation is the increase in leptin concen-
trations during a natural menstrual cycle, which cor-
relates with LH at several time points.

Finally, regarding embryonic implantation, Budak 
(2006), showed that human endometrial leptin expres-
sion might be activated in vitro by leptin of embryonic 
origin and that leptin mRNA expression occurs at the 
blastocyst stage of the preimplantation embryo, and not 
in earlier stages of embryonic development. 

Ghrelin. Ghrelin has been recently linked to human 
reproduction functions and is expressed in the pituitary 
as well as in the hypothalamus (Gosman, 2006; Budak, 
2006; Mircea, 2007). Ghrelin and its receptor have been 
localized in various reproductive organs, such as pla-
centa, testis Leydig cells, rat ovary, mouse embryo and 
endometrium. The ghrelin gene is also expressed in 
rat ovary throughout the estrous cycle and its mRNA 
levels vary according to cycle stages. Caminos (2003) 
detected ghrelin mRNA in rat ovary throughout preg-
nancy. Higher levels were detected in early pregnancy 
compared with lower expression during the later part 
of gestation. 

On the other hand, Kawamura (2003) detected 
ghrelin and its receptor in endometrial tissue and pre-
implantation embryos and suggested that enterokines 
interfere with preimplantation. 

Ghrelin and its receptor have been also localized in 
uterine fluid, mouse preimplantation embryos, mouse 
morula, blastocyst, and hatched blastocyst-stage 
embryos, inner cell mass and trophectoderm cells.

Increased ghrelin levels may diminish reproductive 
function by inhibiting LH and stimulating prolactin 
secretion. Ghrelin affords embryotoxic effects and 
inhibits the development of mouse embryos in vitro. 
Furthermore, it inhibits testosterone secretion by tes-
ticular Leydig cells. Ghrelin knockout mice have no 
distinguishable metabolic or reproductive phenotype 
compared with wild type, having normal size, body 
distribution, behaviour and fertility patterns (Gosman, 
2006; Budak, 2006; Mircea, 2007).
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Adiponectin. Adiponectin is expressed in human 
and rat placenta and its levels are higher in females 
than males (table 4). Mazaki-Tovi (2005) showed that 
its serum levels might be a predicting factor of the 
newborn length and birthweight. In adolescent boys, 
adiponectin levels are negatively affected by androgen 
concentrations. 

Adiponectin levels have been linked to the PCOs 
pathogenesis and progression although results remain 
contradictory. Ardawi (2005) as well as Orio (2003) 
have described low levels of adiponectin in obese and 
lean women with PCOs. However, the study by Panidis 
(2003) found no difference in serum adiponectin levels 
between different BMI groups. Nishizawa (2002) also 
concluded that there is an inverse correlation between 
observed adiponectin and androgen levels, which is 
consistent with its reduced concentration in women 
with PCOs.

It is speculated that adiponectin interacts with ovar-
ian steroidogenesis given the negative effects of tes-
tosterone on circulating adiponectin in humans and 
mice. Such an interaction has also been demonstrated 
for resistin, which stimulates testosterone production 
on cultured human theca cells. Furthermore, resistin 
dose-dependently increases testosterone production by 
cultured rat testis

The only data showing expression of adiponectin 
receptors in ovarian tissue or oocytes has been shown 
by Lord (2005) in pig ovaries. The authors suggested 
that adiponectin might be involved in regulation of 
oocyte nutrient-sensing via the AMPK pathway.

Rimonabant, the first CB1 selective 
antagonist

Based upon preclinical data showing that food intake 
and nicotine addiction share a common pathogenic 
component, that of a hyperactive ECS, rimonabant was 
initially intended as a dual-purpose aiming in smoking 
cessation and weight management. However, results 
from Phase III clinical trials STRATUS-US and STRA- 
TUS-Europe (rimonabant effect on smoking cessation) 
were not further pursued given the clinical superiority 
of rimonabant on food intake, food-reinforced behav-
iours, weight-loss, and cardiometabolic parameters 
(Johnsson, 2006).

Rimonabant is a CB1R antagonist with a greater than 
1000-fold selectivity for the CB1 vs. CB2R. It also acts as 
a CB1R inverse agonist and it affects endocannabinoid 
signal transduction in the absence of CB1R stimulation. 
Rimonabant binds to the vanilloid receptor, which is 
involved in some of its neuroprotective effects. Animal 
studies have shown that rimonabant reduces food intake 
and body weight in treated rodents and alters adipose 
tissue metabolic activity inducing adiponectin gene 
expression (DiMarzo, 2001, 2004; 2008; Pacher, 2006; 
Cota, 2007; Despres, 2007; Matias, 2007; Engeli, 2008).

Rimonabant’s mechanism of action involves the 
mediation of both central and peripheral pathways by 
the CB1R. Central actions include the inhibition of CB1R 
transmission in the mesolimbic and central melanocor-
tin systems, which result in decreased motivation for 
palatable food (nucleus accumbens) and anorexigenic 
effect (hypothalamus). In addition, a CCK potentiation 
of vagal satiety signals is enhanced in the brainstem 
(DiMarzo, 2001, 2004; 2008; Cota, 2007; Despres, 2007; 
Engeli, 2008) (figure 3). 

In the periphery, rimonabant inhibits hepatic and 
adipose tissue lipogenesis, enhances skeletal-muscle 
fatty acid oxidation, increases glucose uptake by the 
muscles. Furthermore, it noticeably increases adiponec-
tin-circulating levels. 

Obesity-related pre-clinical studies 
Genetically obese rodents have increased hypothalamic 
levels of AEA, suggesting their ECS over activation. The 
activation of CB1R has been related to the increased 
expression of hypothalamic orexigenic appetite media-
tors like orexin-1 receptor (DiMarzo, 2001; 2004; 2008; 
Pacher, 2006; Cota, 2007; Despres, 2007; Matias, 2007; 
Engeli, 2008). In contrast, hypothalamic endocannabi-
noid levels are suppressed by leptin. 

In the periphery, the activation of CB1R modulates 
body weight through its functions in adipose tissue, GI 
tract, liver and muscles. CB1Rs in adipocytes have been 
found upregulated in obese mice, stimulating lipopro-
tein lipase activity and fat accumulation (Wang, 2007). 
Hyperactivation of CB1Rs in the liver has been corre-
lated with increased serum lipid production, fatty liver 
disease and diet-induced obesity. 

Further indications that the ECS is involved in food 
and weight regulation derive from CB1

−/CB1
− knock-

out mice, which are lean and resistant to diet-induced 
obesity, showing enhanced insulin and leptin sensitiv-
ity. These rodents fail to put on weight even when their 
caloric intake is similar to that of wild-type mice on a 
high-fat diet (DiMarzo, 2001, 2004; 2008; Cota, 2007; 
Despres, 2007; Matias, 2007). 

Other studies show that blockade of CB1Rs with 
rimonabant, reduces motivation for highly palatable 
food in diet-induced obese mice. Weight reduction has 
also been attributed to rimonabant’s peripheric actions. 
For example, the increase of adiponectin expression 
in adipocytes and the inhibition of the enzymic activ-
ity involved in fat accumulation is an indirect way to 
favour the metabolic profile of these rodents. 

An interesting study by Jbilo and Ravinet-Trillou 

(2005) showed that rimonabant reverses the phenotype 
of obese adipocytes and attains reduction of adipose 
mass. This effect has been mainly attributed to the regu-
lation of the enzymic activity of the β-oxidation and tri-
carboxylic (citric) acid cycle, which enhances lipolysis. 
Additionally, rimonabant increases oxygen consump-
tion and soleus muscle glucose uptake in Lepob/Lepob 
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mice, suggesting that other factors besides anorexia 
may be contributing to the weigh loss effect. 

Clinical program 
Rimonabant was initially launched in EU in 2004 
under the indication of treating overweight and obese 
patients with co-morbidities like dyslipidaemia and/or 
diabetes. 

The so-called RIO (“Rimonabant In Obesity”) Pro-
gram has recruited populations in USA, Canada and 
Europe comparing placebo, 5 mg and 20 mg for up to 
2 years. Obese without or without co-morbidities, non-
treated dyslipidemics and inadequatelly controlled dia-
betic patients were included in this prorgram aiming 
to accumulate data on the drug’s efficacy and safety 
profile (Pi-Sunyer, 2006; VanGaal, 2005; Despres, 2005; 
Scheen, 2006; Nissen, 2008). 

Throughout the program, consistent effects on 
weight loss, waist circumference decrease and thera-
peutic alterations in lipid and glucose metabolism were 
recorded thus the metabolic syndrome prevalence was 
significantly reduced. 

Rimonabant showed a profound effect on HDL-C, 
triglycerides and VLDL-C. Regression analysis suggests 
that the effect on lipids is only half way attributed to 
the achievable weight-loss and therefore the remaining 
result is directly related to the drug’s periprheric action 
(suppression of hepatic lipogenesis, enhanced lipid 
oxidation etc). The results were maintained for up to 
2 years (Scheen, 2006,2008; Johnson, 2007; Kinttscher, 
2008) (table 6).

Regarding the drug’s safety profile, (Pi-Sunyer, 2006; 
VanGaal, 2005; Despres, 2005; Scheen, 2006; Nissen, 
2008) the predominant adverse effects recorded were 
nausea, dizziness, diarrhoea, gastrointestinal disorders. 
CNS related side effects like anxiety, mood alterations 
and depressive disorders mainly occurred in patients 
with a history of major depression. 

Despite the drug’s large clinical program, the non-
conclusive discussion regarding its CNS-related side-
effects and mainly its potential to grow depression or 
suicidality thoughts in general population has led EMEA 
to withdraw it from the market on October 2008. The 
differentiation among the studied populations provoked 
confusion (Mitchell, 2007; Astrup, 2008; Bluher, 2008; 
Despres, 2008) in the interpretation of safety data. Fur-
ther meta-analyses concluded negatively on the drug’s 
cost-benefit ratio, mainly because most patients were 
not staying long enough to the therapy for the benefits 
to outweigh the potential risks. 

COnCluSIOnS

The endocannabinoid system represents a complex, 
regulatory, messenger system active on many different 
organs and tissues. It is therefore raising expectations 
for the development of new drugs for diseases that 
are so far inadequatelly treated or not treated at all. Its 

pleiotropic functions bound the system to dysregula-
tion from several different pathways, thus making it 
more time-consuming to fully comprehend its exact 
profile and optimal applications.

To date, apart from the direct or indirect agonists and 
antagonists of CBRs, a number of enzymes involved in 
the system’s functions are also being targeted aiming to 
produce beneficial effects with minimum psychotropic 
side effects.

To sum up, there are three basic therapeutic strate-
gies involving the ECS: 

ECS activation (CB ■ 2Rs)

The emerging data on the CB2Rs anti-inflammatory 
and analgesics properties raises expectations for the 
treatment of diseases whose pathology is related to ECS 
activation. The virtual absence of CB2Rs from the brain 
is an indulging factor regarding lack of potential CNS 
side effects. 

ECS signalling (CB ■ 1Rs)

The other class of indications is related to ECS enhanced 
signalling and includes addictive (e.g. smoking, drug 
and alcohol abuse) and metabolic (e.g. obesity, fatty 
liver disease and diabetes) diseases. These disorders all 
share a common appetitive component, which may be 
treatable with selective CB1R antagonists.

Table 6: Cardiometabolic effects of Rimonabant independent of 
the achievable weight loss: Half of the rimonabant effect is due to 
direct CB1 blockade on peripheral tissues

Cardio meta-
bolic para-
meter

Overall 
effect*

Effect 
independent 

of weight 
loss *

Overall effect beyond 
that attributed to the 

weigh loss alone*

HDL-C (%) 8.0 3.6 45%

Triglycerides 
(%)

-14.0 -6.5 46%

Adiponectin 
(μg/ml)

1.5 (0.2) 0.85 57%

HbA1c (%) -0.67 -0.37 55%

Fasting insulin 
(μIU/ml)

-2.74 -1.34 49%

Mean difference versus placebo at year 1, p<0.001 for all 
comparisons

Linear regression analysis between metabolic changes and body 
weight loss (RIO trials)

Analysis using ANCOVA to estimate the change in metabolic 
parameters not explained by weight loss

Relationship with weight loss in the placebo group is estimated 
using regression

HDL-C, Triglycerides: RIO- Europe, RIO-North America, RIO-Lipids, 
RIO-Diabetes

Adiponectin: RIO-Lipids
HbA1c: RIO-Diabetes
Fasting insulin: RIO- Europe, RIO-North America, RIO-Lipids
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This category of drugs is more familiar to the medi-
cal community but is also known to afford CNS-specific 
side effects. Therefore, the development of new drugs 
prerequisites further in vivo pharmacological profiling 
studies in order to determine those structure-activity 
relationships between the candidate agents and the tar-
geted CBRs that will ensure the minimization of psy-
chotropic side effects. Moreover, given the abundance 
of the CB1Rs in the brain, it is absolutely essential to 
explore the consequences of the long-term inhibition 
of CBRs before launching any other new agents. Finally, 
the discovery of non-CB1/non-CB2Rs in cardiovascular 
and other tissues as well as the data showing that ECs 
act on vanilloid and other receptors, constitute a solid 
proof on the potential of the ECS in managing several 
pathological diseases after the system will have been 
sufficiently comprehended. 

FAAH and other ECS enzymes inhibition ■

Among others, FAAH generates the transmembrane 
concentration of cellular AEA uptake and catalyzes its 
degradation in a way that decisively controls endocan-
nabinoid signalling. This is why FAAH is an attractive 
therapeutic target among known ECS enzymes. 

To conclude with, it lies within the author’s strong 
beliefs that the potential of the endocannabinoid system 
in medical practice will continuously grow in the coming 
years. Updates on its applications should be therefore 
embraced and taken seriously into consideration while 
practicing clinical medicine. The engagement of the 
international research community with ECS constitutes 
a major breakthrough and can be sufficiently described 
by Horace’s incitement in his play, Odes: Carpe Diem, 
Quam Minimum Credula Postero (Seize the day, trusting 
little in the future) – or in this case, seize the system, 
trusting little in the past……
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