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a  b  s  t  r  a  c  t

Overeating,  frequently  linked  to an  increasing  incidence  of  overweight  and  obesity,  has  become  epidemic
and one  of  the  leading  global  health  problems.  To explain  the  development  of  this  eating  behavior,  new
hypotheses  involve  the  concept  that many  people  might  be  addicted  to  food  by losing control  over  their
ability  to  regulate  food  intake.  Among  the  different  neurotransmitter  networks  that  partake  in the  reward
circuitry  within  the brain, a large  body  of  evidence  supports  the  involvement  of  the  endocannabinoid
system.  Indeed,  its  dysfunctions  might  contribute  to food  addiction,  by  regulating  appetite  and  food
preference  through  central  and  peripheral  mechanisms.  Here,  we  review  and  discuss  the  role  of  endo-
cannabinoid  signaling  in  the  reward  circuitry,  and  the  possible  therapeutic  exploitation  of  strategies
based  on  its  fine  regulation.
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1. The endocannabinoid system

Since the isolation and characterization of the active phyto-
cannabinoids in the cannabis (Cannabis sativa)  plant, including
the most psychoactive ingredient �9-tetrahydrocannabinol (THC)
(Mechoulam and Gaoni, 1965; Mechoulam, 1970), and after the
identification and cloning of the target of THC, the type-1 cannabi-
noid receptor (Devane et al., 1988; Herkenham et al., 1991; Matsuda
et al., 1990), and of its endogenous counterparts, collectively
termed “endocannabinoids” (Devane et al., 1992; Mechoulam et al.,
1995; Sugiura et al., 1995), many efforts have been profused to
study the different physiological functions modulated by what is
known as “endocannabinoid system”.

1.1. The endocannabinoids

The endocannabinoids (eCBs) are derivatives of arachidonic acid
(AA), resembling other lipid transmitters such as prostaglandins or
leukotrienes. They are conjugated with ethanolamine to form fatty
acid amides (FAAs), or with glycerol to form monoacylglycerols
(MAGs), N-arachidonoylethanolamine (anandamide, AEA) and 2-
arachidonoylglycerol (2-AG) so far representing the best studied
and most active members of each class, respectively (Devane et al.,
1992; Mechoulam et al., 1995). There are also other endoge-
nous FAAs, like the appetite-suppressor N-oleoylethanolamine
(OEA) (Fu et al., 2008), the antiinflammatory, anticonvulsant and
antiproliferative N-palmitoylethanolamine (PEA) (Lambert et al.,
2001), and the immunomodulator N-stearoylethanolamine (SEA)
(Maccarrone et al., 2002). The latter are called “eCB-like” com-
pounds, since they do not activate cannabinoid receptors directly
but have an “entourage effect” (Ben-Shabat et al., 1998; Lambert
and Di Marzo, 1999; De Petrocellis et al., 2004). Moreover, 2-
arachidonoylglycerolether (noladin ether) (Hanus et al., 2001),
N-arachidonoyldopamine (NADA) (Bisogno et al., 2000), and the
“inverted anandamide” virodhamine (Porter et al., 2002) also
belong to the ever-growing eCBs family. The chemical structures
of these substances are shown in Fig. 1.

1.2. eCBs metabolism

eCBs are produced by multiple synthetic pathways from lipid
precursors present in cell membranes “on demand”, that is when
and where needed following physiological or pathological stimuli.
However, AEA has been shown to have the potential to accumu-
late in intracellular stores called adiposomes (or lipid droplets)
(Oddi et al., 2008), whereas 2-AG might be pre-formed and
sequestered in distinct intracellular pools until needed (Alger and
Kim, 2011).

The best known biosynthetic pathway of AEA and other
N-acylethanolamines (NAEs) occurs in two steps: first a calcium-
dependent transacylase (NAT, N-acyltransferase) transfers an acyl
group from a membrane phospholipid to the N-position of
phosphatidylethanolamine (PE), to generate N-acylphosphatidyl-
ethanolamines (NAPEs); then, a NAPE-selective phospholipase D

(NAPE-PLD) hydrolyzes NAPEs to release NAEs (included AEA), and
phosphatidic acid (Okamoto et al., 2004).

2-AG is mainly synthesized from AA-containing membrane
phospholipids through the action of phospholipase C (PLC), lead-
ing to the formation of diacylglycerol (DAG), and then through one
of two  diacylglycerol lipases (DAGLs), DAGL� and DAGL� (Bisogno
et al., 2003).

Inactivation of eCB signaling is achieved by two  steps: a
rapid removal from molecular targets and subsequent hydroly-
sis by specific enzymatic systems. eCBs rapid diffusion through
the plasma membrane has been shown to be mediated by a
selective and saturable transporter, the eCB membrane trans-
porter (EMT), responsible for both AEA and 2-AG uptake by
several cells (Di Marzo et al., 1994; Hájos et al., 2004; Chicca
et al., 2012). Moreover, an intracellular accumulation of AEA
in adiposomes has been also reported (Oddi et al., 2008). Still
under debate is whether or not eCB transport and degra-
dation are coupled or independent processes (Fegley et al.,
2004).

Once taken up by cells, AEA and 2-AG can be degraded by fatty
acid amide hydrolase (FAAH), which breaks the amide or ester
bond, to release AA and ethanolamine or glycerol, respectively
(Cravatt et al., 1996). Yet, the main responsible for 2-AG metabolism
is monoacylglycerol lipase (MAGL) (Dinh et al., 2002). The degrada-
tion products are then recycled into the membrane phospholipids,
where they produce de novo the two eCBs (Bisogno et al., 2005).
Moreover, AEA can be hydrolysed also by other enzymes with an
“amidase signature”, like FAAH-2 (Wei  et al., 2006), or that belong
to the choloylglycine hydrolase family, like N-acylethanolamine-
hydrolysing acid amidase (Tsuboi et al., 2005). When MAGL or FAAH
activity is suppressed, AEA and 2-AG might become substrates for
lipoxygenases (Van der Stelt et al., 2002), cyclooxygenase-2 (Rouzer
and Marnett, 2011) or cytochrome P450 (Snider et al., 2010), gen-
erating oxidative derivatives endowed with their own biological
activities. It has been also reported that AEA and possibly other
eCBs are transported intracellularly by distinct carriers, like fatty
acid binding proteins (Kaczocha et al., 2009), albumin and heat
shock protein 70 (Oddi et al., 2009), or a truncated FAAH termed
“FAAH-1-like AEA transporter” (Fu et al., 2011; Leung et al., 2013).
Therefore, the intracellular trafficking of eCBs might represent a
new dimension to drive distinct signaling cascades of these com-
pounds in the CNS and at the periphery (Maccarrone et al., 2010a,b;
Kaczocha et al., 2012).

1.3. Molecular targets and signaling pathways

AEA and 2-AG activate different signaling pathways by binding
to (with different affinities) and activating two well-characterized
7-transmembrane G protein-coupled cannabinoid (CB) receptor
subtypes: type-1 (CB1) (Herkenham et al., 1991) and type-2 (CB2)
(Munro et al., 1993). In humans, CB1 is localized preferentially
in the terminals of central and peripheral neurons and glial cells
(Egertová et al., 2003), but is also expressed in peripheral tissues
like heart, uterus, testis, liver and small intestine, as well as in
immune cells (Maccarrone et al., 2001; Nong et al., 2001; Klein
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