ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/24278624
Cannabinoids and appetite: Food craving and food pleasure

Article in International Review of Psychiatry - May 2009

DOI: 10.1080/09540260902782810 - Source: PubMed

CITATIONS READS
149 870
1 author:

Tim C Kirkham
University of Liverpool
135 PUBLICATIONS 6,232 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project Investigating the Influence of affective priming on implicit processing following satiation. View project

Project Motivation and Attention in Appetite and the Obesogenic Environment View project

All content following this page was uploaded by Tim C Kirkham on 03 June 2014.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/24278624_Cannabinoids_and_appetite_Food_craving_and_food_pleasure?enrichId=rgreq-9345558310e9c5af0a3b8fca81fdfdb7-XXX&enrichSource=Y292ZXJQYWdlOzI0Mjc4NjI0O0FTOjEwMzc5NzE5NjA2NjgxOUAxNDAxNzU4NTg4MjI3&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/24278624_Cannabinoids_and_appetite_Food_craving_and_food_pleasure?enrichId=rgreq-9345558310e9c5af0a3b8fca81fdfdb7-XXX&enrichSource=Y292ZXJQYWdlOzI0Mjc4NjI0O0FTOjEwMzc5NzE5NjA2NjgxOUAxNDAxNzU4NTg4MjI3&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Investigating-the-Influence-of-affective-priming-on-implicit-processing-following-satiation?enrichId=rgreq-9345558310e9c5af0a3b8fca81fdfdb7-XXX&enrichSource=Y292ZXJQYWdlOzI0Mjc4NjI0O0FTOjEwMzc5NzE5NjA2NjgxOUAxNDAxNzU4NTg4MjI3&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Motivation-and-Attention-in-Appetite-and-the-Obesogenic-Environment?enrichId=rgreq-9345558310e9c5af0a3b8fca81fdfdb7-XXX&enrichSource=Y292ZXJQYWdlOzI0Mjc4NjI0O0FTOjEwMzc5NzE5NjA2NjgxOUAxNDAxNzU4NTg4MjI3&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-9345558310e9c5af0a3b8fca81fdfdb7-XXX&enrichSource=Y292ZXJQYWdlOzI0Mjc4NjI0O0FTOjEwMzc5NzE5NjA2NjgxOUAxNDAxNzU4NTg4MjI3&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tim-Kirkham?enrichId=rgreq-9345558310e9c5af0a3b8fca81fdfdb7-XXX&enrichSource=Y292ZXJQYWdlOzI0Mjc4NjI0O0FTOjEwMzc5NzE5NjA2NjgxOUAxNDAxNzU4NTg4MjI3&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tim-Kirkham?enrichId=rgreq-9345558310e9c5af0a3b8fca81fdfdb7-XXX&enrichSource=Y292ZXJQYWdlOzI0Mjc4NjI0O0FTOjEwMzc5NzE5NjA2NjgxOUAxNDAxNzU4NTg4MjI3&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Liverpool?enrichId=rgreq-9345558310e9c5af0a3b8fca81fdfdb7-XXX&enrichSource=Y292ZXJQYWdlOzI0Mjc4NjI0O0FTOjEwMzc5NzE5NjA2NjgxOUAxNDAxNzU4NTg4MjI3&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tim-Kirkham?enrichId=rgreq-9345558310e9c5af0a3b8fca81fdfdb7-XXX&enrichSource=Y292ZXJQYWdlOzI0Mjc4NjI0O0FTOjEwMzc5NzE5NjA2NjgxOUAxNDAxNzU4NTg4MjI3&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Tim-Kirkham?enrichId=rgreq-9345558310e9c5af0a3b8fca81fdfdb7-XXX&enrichSource=Y292ZXJQYWdlOzI0Mjc4NjI0O0FTOjEwMzc5NzE5NjA2NjgxOUAxNDAxNzU4NTg4MjI3&el=1_x_10&_esc=publicationCoverPdf

Int Rev Psychiatry Downloaded from informahealthcare.com by University of Colorado on 03/16/11
For personal use only

International Review of Psychiarry, April 2009; 21(2): 163-171 informa

healthcare

Cannabinoids and appetite: Food craving and food pleasure

TIM C. KIRKHAM

School of Psychology, University of Liverpool, Liverpool, UK

Abstract

The ability of Cannabis sativa to promote eating has been documented for many centuries, with the drug reported by its users
to promote strong cravings for, and an intensification of the sensory and hedonic properties of food. These effects are now
known to result from the actions of cannabinoid molecules at specific cannabinoid receptor sites within the brain, and to
reflect the physiological role of their natural ligands, the endocannabinoids, in the control of appetite. Recent developments
in the biochemistry and pharmacology of endocannabinoid systems have generated convincing evidence from animal models
for a normal role of endocannabinoids in the control of eating motivation. The availability of specific cannabinoid
receptor agonists and antagonists raises the possibility of improved therapies for disorders of eating and body weight: not
only in the suppression of appetite to counter our susceptibility to the over-consumption of highly pleasurable and energy-
dense foods; but also in the treatment of conditions that involve reduced appetite and weight loss. Here, we outline some
of the findings of the past decade that link endocannabinoid function appetite control, and the possible clinical applications

of that knowledge.

Hyperphagic actions of the
endocannabinoids

The earliest references to the hyperphagic actions of
cannabis are found in the ancient Hindu
Rajanirghanta (Chopra & Chopra, 1957), and in
pharmacopoeia across the centuries. Amongst can-
nabis users, these effects are well known: the
induction of voracious appetites, cravings, and the
enhanced enjoyment of food, colloquially referred to
as the ‘munchies’. Unfortunately, little empirical
research has been conducted in humans to clarify the
drug’s specific actions on appetite. Consequently,
theorizing about the psychological and behavioural
activity of the cannabinoids has been overly-reliant
on anecdotal accounts from cannabis users. Even
with the recent enthusiasm for endocannabinoid
systems as therapeutic targets for obesity, metabolic
syndrome and cardiovascular disease, relatively little
work has been conducted to explore the critical
actions of cannabinoid receptor agonists on the
psychological influences on appetite. Nevertheless,
recent years have produced some important insights
— using animal models — into the actions of cannabis
(and specifically of one of its psychoactive constitu-
ents, A-9-THC) and the endocannabinoids on
eating motivation (Kirkham, 2005). The principal
findings supporting a role for the endocannabinoid
system and the control of appetite are briefly
reviewed here.

At an early stage, it was demonstrated that the
hyperphagic actions of THC were mediated in large
part by cannabinoid CB1 receptors (Williams,
Rogers, & Kirkham, 1998; Williams & Kirkham,
2002a). Subsequently, systemic anandamide admin-
istration was shown to increase food intake (Williams
& Kirkham, 1999). Anandamide hyperphagia was
blocked by pre-treatment with the selective CBI1
antagonist rimonabant — but not by a CB2 antago-
nist, indicating that the overeating was specifically
mediated by CBI1 receptors. The feeding effects of
systemic anandamide were replicated in mice (Hao
et al., 2000) and rats (Gomez et al., 2002). Later
experiments also confirmed that the endocannabi-
noids 2-arachidonylglycerol (2-AG) (Kirkham et al.,
2002) and noladin ether can increase food intake in
rodents (Avraham et al., 2005).

Although some workers emphasize peripheral
actions of endocannabinoids in relation to appetite —
and particularly modulation of afferent satiety signals
(Rodriguez de Fonseca et al., 2001), this discussion
is primarily concerned with the central mediation
of the psychological aspects of eating. The impor-
tance of CNS endocannabinoids was first confirmed
by Jamshidi and Taylor (2001), who found
that rimonabant-reversible hyperphagia could
be obtained by direct injection of anandamide
into the ventromedial hypothalamus (VMH), one
of the nuclei traditionally associated with food
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intake control. Subsequently, it was demonstrated
that administration of 2-AG in to the shell sub-region
of the nucleus accumbens (AcbSh) exerts a potent,
CB1-selective, hyperphagic action (Kirkham et al.,
2002). Similar effects have also been obtained with
intra-accumbens anandamide treatments (Mahler,
Smith, & Berridge, 2007; Soria-Gomez et al., 2007).
As we will see, the sensitivity of the AcbSh as a locus
for endocannabinoid-induced feeding is critical to
current hypotheses concerning their role in eating
motivation. However, other brain regions are also
implicated in endocannabinoid effects: hyperphagia
follows anandamide or 2-AG administration into the
lateral (LH) and paraventricular (PVN) nuclei of
the hypothalamus (Kirkham & Williams, 2001a).
Circuits located in feeding-relevant hindbrain areas,
such as the parabrachial nucleus (PBN), dorsal
motor nucleus of the vagus (DMV) and the nucleus
tractus solitarius (NTS), may also be subject to
cannabinoid regulation (Miller, Murray, Freeman, &
Edwards, 2004; Di Patrizio & Simansky, 2008).

An essential corollary to the agonist data is the
extensive database on the feeding effects of CBI1
antagonists. Critically, these drugs have universally
been found to suppress food intake although debate
persists about the behavioural specificity of these
effects (Tallett et al., 2007a, 2007b). Anorectic
actions of the prototypical CB1 antagonist rimona-
bant were first reported by Arnone and colleagues,
who argued that this effect was evidence for tonic
endocannabinoid activity in feeding related systems
(Arnone et al. 1997). Similar effects of rimonabant
or its analogues have since been reported following
systemic or central administration in satiated or
fasted animals (Colombo et al., 1998; Werner &
Koch, 2003; Chen et al.,, 2004), and dietary
(Hildebrandt, Kelly-Sullivan, & Black, 2003;
Ravinet-Trillou et al., 2003) and genetic models of
obesity (Vickers et al., 2003). Such effects underlay
the initial development of these drugs as anti-obesity
agents.

The reward hypothesis of cannabinoid
hyperphagia

A hypothesis that gained early currency — largely on
the basis of the anecdotal accounts of cannabis users
mentioned earlier (Tart, 1970) — was that endocan-
nabinoids may provoke overconsumption by ampli-
fying the orosensory reward, or palatability, of foods
(Arnone et al., 1997). This notion was supported by
studies showing that rimonabant more effectively
attenuated the consumption of palatable ingesta than
more bland laboratory diets (Arnone et al., 1997;
Simiand et al., 1998), suggesting that tonic endo-
cannabinoid activity mediates food reward: cannabi-
noid receptor agonists might increase intake by

rendering foods more palatable; while antagonists
might diminish the hedonic value of foods, and
so reduce consumption. However, it has become
apparent that endocannabinoids are involved in the
wider aspects of eating motivation; their involvement
apparently encompassing the desire to eat and
anticipation of food reward, as well as the enjoyment
of food during ingestion. We will discuss these
factors separately, using the currently accepted
terminology of ‘wanting’ and ‘liking’ (Berridge,
2007), respectively reflecting the incentive processes
that stimulate and guide behaviour toward food
acquisition, and the subsequent hedonic evaluation
of food stimuli.

Endocannabinoids and ‘wanting’

Evidence for a role of endocannabinoids in appetitive
processes comes from studies using operant models,
such as the progressive ratio paradigm in which rats
are required to complete a progressively greater
number of responses to obtain successive food
rewards. The ratio at which animals cease to respond
(the ‘break-point’) is taken as an index of the degree
of craving, or incentive value of the food (Solinas &
Goldberg, 2005). Rimonabant and other CBI1
antagonists dose-dependently reduced break-point,
while CB1 agonists increase break-point (Gallate &
McGregor, 1999; Gallate et al.,, 1999; Solinas &
Goldberg, 2005). These effects thus implicate
endocannabinoid systems in the processes under-
lying the motivation to obtain food. Indeed, CB1
knockout mice have reduced sensitivity to the
motivating properties of food, exhibiting reduced
rates of responding for food and lower break-points
than wild-type mice (Sanchis-Segura et al., 2004).
Detailed behavioural analyses of drug effects also
support endocannabinoid involvement in incentive
motivation. Under experimental conditions in which
rats display minimal motivation to eat (such as when
an animal has recently consumed a large meal), a
normally long latency to the next meal is consistently
reduced by THC, anandamide or 2-AG administra-
tion (Kirkham & Williams, 2001a). Crucially, once
initiated, the subsequent pattern of cannabinoid-
induced eating behaviour is similar to that of the
spontaneous feeding in untreated rats (Williams &
Kirkham, 2002b). These data are again compatible
with an action of cannabinoids to increase the
incentive value or salience of the food and, impor-
tantly, indicate that cannabinoids provoke feeding
through adjustments to natural feeding control
mechanisms. We thus begin to see the development
of a model which links endocannabinoids directly to
the processes that initiate feeding. The combination
of CB1 ligand effects on feeding microstructure and
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the motivation to work for food thus strongly
implicates endocannabinoids in ‘wanting’ processes.

In effect, the stimulatory actions of the cannabi-
noids on eating resemble the changes that occur with
food deprivation, since both increase food salience,
reduce eating latency and promote short-term
hyperphagia (Marin Bivens, Thomas, & Stanley,
1998). It is notable, therefore, that regional brain
levels of anandamide and 2-AG increase after fasting
(Kirkham et al., 2002), and that the anorectic action
of rimonabant is significantly enhanced in food-
deprived rats compared to non-deprived animals
(Kirkham & Williams, 2001a; Osei-Hyiamen et al.,
2005).

There are some recent human studies with THC
and rimonabant that provide support for the role of
endocannabinoids in appetitive processes. In addi-
tion to a significant increase of energy intake, we
found that one of the principal effects of THC was a
marked amplification of the normal pre-prandial rise
in subjective hunger scores. This effect was asso-
ciated with an earlier onset and increased incidence
of snacking (Townson & Kirkham, unpublished). In
a clinical trial with rimonabant, in which patients’
appetite ratings were periodically assessed in labora-
tory test meals and home questionnaires (Blundell
et al., 2006), rimonabant was found to lower
subjective measures of hunger and desire to eat at
the start of a meal, while having no effect on post-
meal ratings of fullness. Significant reductions in
hunger and the frequency and strength of food
cravings were also detected over the course of the
study. These complementary agonist and antagonist
effects provide the most direct indications so far that
CB1 receptor ligands can specifically modulate
‘wanting’ aspects of eating motivation.

The apparent involvement of endocannabinoids in
appetitive aspects of feeding is compatible with the
known effects of CB1 agonists and antagonists on
mesolimbic dopaminergic incentive pathways, which
terminate in the nucleus accumbens (van der Stelt &
Di Marzo, 2003). Food stimuli cause dopamine
release in the nucleus accumbens, especially after
deprivation, or if the food is novel or palatable. Both
THC and anandamide stimulate dopamine release in
the nucleus accumbens (Solinas et al., 2006).
Importantly, the accumbens dopamine release pro-
voked by presentation of a novel, palatable food is
blocked by rimonabant (Melis et al., 2007), suggest-
ing that endocannabinoids normally facilitate the
mesolimbic dopamine signalling that can give rise to
appetite. Endocannabinoids may thus be essential for
the orientation to motivationally significant stimuli,
the attribution of incentive salience and reward
anticipation, and the elicitation of appropriate
behavioural responses such as food seeking and
eating initiation.
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Endocannabinoids and ‘liking’

The above findings link endocannabinoids to appe-
titive processes in feeding. However, their role may
also be extended to involvement in food ‘liking’. As
we have noted, such a role is clearly suggested by the
anecdotal reports of cannabis users (Tart, 1970), and
recent animal studies have provided support for a
specific interaction of endocannabinoids with food
palatability.

In early reports, CB1 receptor blockade was
reported to preferentially attenuate the intake of
palatable, sweet foods (Arnone et al., 1997; Simiand
etal., 1998), and reduce operant responding for sweet
food (Pério et al., 2001); while CB1 knockout mice
consume less sucrose than wild types (Poncelet et al.,
2003). We have observed that central injection of
endocannabinoids can induce modest increases in
meal duration and, consequently, meal size compa-
tible with an action of the agonists to enhance food
palatability (i.e. eating may persist for longer as a
consequence of increased food palatability/liking).
We examined the actions of CB1 receptor ligands on
the microstructure of sucrose drinking and found that
alterations to behaviour induced by THC, ananda-
mide and 2-AG are reminiscent of those observed in
drug-free animals drinking more palatable solutions
(Higgs, Williams, & Kirkham, 2003). Conversely,
rimonabant alters sucrose drinking in a way that
is consistent with a reduction its palatability.
Additionally, CB1~/~ mice are less responsive to
sweet taste, consistently drinking less of a range of
sucrose solutions than the wild type (Sanchis-Segura
et al., 2004). Moreover, these differences are abol-
ished when sucrose solutions are adulterated with
bitter quinine, indicating that they arise from differ-
ences in the rewarding consequences of palatable
ingesta rather than from any sensory impairment.

Further support for an endocannabinoid role in
palatability is provided by experiments employing a
taste reactivity paradigm to gauge hedonic reactions
to flavours by monitoring innate ingestive responses.
Thus, Jarrett and colleagues have reported that THC
produces rimonabant-reversible increases of inges-
tive ‘liking’ responses to intra-oral delivery of sucrose
solutions; THC reduces the rejection of a quinine
solution — an effect blocked by CB1 antagonists;
antagonists alone decrease hedonic reactions to
sucrose, and increases aversive reactions to quinine
solutions (Jarrett, Limebeer, & Parker, 2005; Jarrett,
Scantlebury, Parker, 2007). These findings support
the hypothesis that endocannabinoid activity can
contribute significantly to the hedonic evaluation of
ingesta, and that CB1 stimulation or blockade can
respectively render food more or less pleasurable.

Key components of the neural mechanisms under-
lying food palatability lie within the AcbSh
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(Stratford, 2007) and, as already noted, 2-AG
administered into this site produces a profound
hyperphagic response (Kirkham et al., 2002).
Anandamide is also an effective orexigen in this
region, as are agents that increase endocannabinoid
levels by blocking their enzymatic breakdown or
reuptake (Soria-Gomez et al.,, 2007). Moreover,
Harrold and colleagues (2002) showed that accum-
bens CBI1 receptors are down-regulated in rats that
overconsume palatable food supplements. This latter
effect is consistent with increased activation of these
receptors by endocannabinoids, and again suggests
that they mediate the hedonic evaluation of palatable
foods. That accumbens endocannabinoids can
enhance the hedonic impact of sweet taste is directly
supported by the finding that intra-AcbSh adminis-
tration of anandamide specifically increases the
number of positive ingestive responses to intra-oral
infusions of sweet solutions in taste reactivity tests
(Mahler et al., 2007).

A recent report also shows that the pontine
parabrachial nucleus (PBN) is a sensitive site for
the hyperphagic actions of 2-AG. The PBN is known
to gate and information from primary gustatory
sensory neurons that is ultimately transmitted to
the ventral striatal areas, mentioned above, that
process the hedonic aspects of food stimuli. It is
notable therefore, that intra-PBN 2-AG treatment
preferentially stimulates ingestion of palatable foods
(Di Patrizio & Simansky, 2008).

Endocannabinoid-opioid interactions
in eating motivation

Unsurprisingly, feeding effects of endocannabinoids
have been linked functionally to other neurotrans-
mitters that contribute to the control of food intake
(Tucci et al., 2004; Cota et al., 2003; Di Marzo &
Matias, 2005). In relation to the current argument,
the strong likelihood of functional relationships
between endocannabinoids and the endogenous
opioid peptides are particularly pertinent. Opioid
receptor agonists and antagonists respectively
increase or reduce food intake, and these effects
have been shown to involve changes in the hedonic
evaluation of foods (Kirkham, 1990; Kirkham &
Cooper, 1988; Cooper & Kirkham, 1993; Bodnar,
2004). For example, in people, opioid antagonists
reduce the perceived palatability of previously pre-
ferred foods and fluids (Drewnowski et al., 1992;
Yeomans & Gray, 1996; Yeomans, 2007). There is
now convincing evidence for interactions between
endocannabinoids and opioids in relation to feeding,
and that cannabinoids modulate the motivation to
ingest via actions on both cannabinoid and opioid
systems. For example, the hyperphagic action of
THC is significantly attenuated by sub-anorectic

doses of naloxone (Williams & Kirkham, 2002a).
Importantly, the facilitatory effects of a CB1 agonist
on responding for palatable solutions are reversed by
both a CBI1 antagonist and naloxone (Gallate &
McGregor, 1999). Moreover, low doses of rimona-
bant and opioid antagonists that are behaviourally
inactive when administered singly, combine syner-
gistically to produce a profound anorectic action
when co-administered — far outweighing the sup-
pressive effects of even large doses of either drug
given separately (Kirkham & Williams, 2001b; Chen
et al., 2004).

Given the established ability of opioid antagonists
to reduce the hedonic evaluation of foods and to
reverse CB1 agonist-stimulated ingestion, the pro-
found anorexia induced by combined CB1 and opioid
receptor blockade suggests that endocannabinoids
contribute to orosensory reward through the activa-
tion of opioid processes. Moreover, administration of
THC has been shown to stimulate S-endorphin
release in the accumbens — a phenomenon linked to
consumption of palatable foods (Solinas et al., 2004).
Importantly, as with anandamide, administration of
morphine into the AcbSh increases the liking of sweet
solutions in taste reactivity tests, and it is notable that
there is a very close anatomical correspondence
between the opioid- and cannabinoid-sensitive sites
that support these effects (Pecina & Berridge, 2000;
Mahler et al., 2007).

These data support interactive cannabinoid-opioid
mediation of eating motivation, potentially linking
the two systems in the reciprocal modulation of
hedonic factors that control appetitive and consum-
matory behaviour. Certainly, the known effects of
exogenously administered cannabinoids to promote
activation (or disinhibition) of mesolimbic incentive
circuits, and to activate nucleus accumbens circuits
involved in the hedonic evaluation of food, could
account for the heightened intensity of food craving
and enhanced appreciation of food reported by
cannabis users. It would therefore be extremely
instructive to more fully explore the actions of
THC or CB1 antagonists on the subjective experi-
ence of hunger and appetite measures in people. The
emerging evidence indicates that the endocannabi-
noids, via their interactions with opioids, contribute
substantially to the neurophysiological representation
of the prospective delights of consumption that all
too frequently exert a powerful influence on non-
homeostatic eating.

Cannabinoids in the pathology and
treatment of obesity and eating disorders

The involvement of endocannabinoids in appetite
control and energy balance raises the question of
whether these systems play a significant role in
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disorders of eating and body weight; and can
pharmaceutical interventions targeting endocannabi-
noids have useful therapeutic applications? Clearly,
overconsumption, overweight, or heightened sensi-
tivity to the appetite-stimulating properties of food
need not be regarded as pathological conditions.
They may merely reflect normal endocannabinoid
function, and the effective operation of the mechan-
isms that have evolved to promote positive energy
balance during times of plenty, in preparation for
times of famine. Nevertheless, there is some evidence
for deviation in endocannabinoid function in relation
to obesity and other disorders of appetite (Matias,
Cristino, & di Marzo, 2008).

For example, Monteleone et al. (2005) examined
plasma levels of anandamide and 2-AG in women
with anorexia nervosa, bulimia nervosa or binge
eating disorder. They found that plasma levels of
anandamide were significantly elevated in both
anorexics and women with binge eating disorder,
but not in bulimic patients. Endocannabinoid levels
were not reliably correlated with the severity
of psychological symptoms or duration of illness.
Additionally, circulating anandamide levels were
elevated in both restricting, underweight anorexics,
and obese, overconsuming binge-eaters. These
somewhat contradictory findings might suggest
the possibility of some derangement in the produc-
tion of anandamide in women with these particular
disorders, and the authors tentatively proposed
that their data reflected endocannabioid mediation
of the rewarding aspects of aberrant eating
behaviours. The full significance of these findings
will depend on verifying the source of anandamide
that was measured, and the extent to which plasma
levels can reflect altered endocannabinoid activity
in the brain, as opposed to changing levels in
peripheral tissues alone — which may have no
ultimate significance to the psychological control of
eating motivation. These complexities are multiplied
by the finding that there may be genotypic differ-
ences between restricting and binge-purging sub-
types of anorexia nervosa. Specifically, Siegfried et al.
(2004) reported preferential transmission of different
alleles of the CB1 receptor gene, CNRI. It was
suggested that the specific alleles do not necessarily
increase an individual’s susceptibility to developing
anorexia nervosa, but may modify the form of its
expression.

Other studies have detected variations in relation
to body mass and adiposity, which may bear some
relationship to differences in endocannabinoid appe-
tite processes, as distinct from potential variation
in cannabinoid involvement in lipogenesis and
fat accumulation. Sipe et al. (2005) reported
obesity-related variations in a naturally occurring
missense polymorphism in the gene encoding fatty
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acid amide hydrolase (FAAH), the primary endo-
cannabinoid-degrading enzyme. A homozygous
FAAH 385 A/A genotype was significantly associated
with overweight and obesity in white and black
individuals, but not in a small group of Asians.
Overall, the median BMI was significantly greater in
the FAAH 385 A/A genotype group compared to
heterozygote and wild-type groups, with a higher
frequency of the FAAH 385A/A genotype with
increasing BMI: the strongest relationship was
observed in the white cohort. The authors concluded
that this mis-sense polymorphism could indicate an
endocannabinoid risk factor in the development of
overweight and obesity, potentially involving genetic
malfunction of FAAH. Gazzerro et al. (2007) studied
the frequency of CB1 polymorphism and its relation
to BMI in a Southern Italian population. They found
that the CB1 1359 G/A polymorphism was associated
with a significantly lower BMI, and that in similarly
overweight and obese individuals those carrying have
A/A allele at lower serum glucose and triglyceride
levels. No such associations were found in a Brazilian
population of European ancestry (Jaeger et al.,
2008); although a significant association was
detected between waste to hip ratio and a 4895G
allele. Russo and colleagues (2007), however, failed
to find any association between the 4895 A/G. variant
and body fat mass and distribution in either of two
European populations. They did, however, report
that the 3813 G allele was associated with increased
subscapular  skinfold thickness and  waist
circumference.

Despite the conflicts between the data from these
surveys, it may be that with many more thorough
studies, screening for CB1 gene variants might
eventually be used to indicate differences in endo-
cannabinoid function that may be linked to
a predisposition to obesity, eating disorders, or
therapeutic susceptibility to CB1-acting drugs.

The possibility of manipulating endocannabinoid
systems in disease is already established — not least in
relation to appetite and body weight (Di Marzo,
2008). Although not specifically discussed on this
article, the reader will be aware of the substantial
resources have been committed in recent years to the
commercial exploitation of the endocannabinoid
system in an attempt to produce anti-obesity agents
(Scheen et al., 2006). Unfortunately, it is now
apparent that rimonabant and its sister drugs —
although having beneficial therapeutic effects in
relation to the metabolic syndrome — because of
their penetration of the central nervous system they
have a psychiatric side-effect profile that is incompa-
tible with the requirements of regulators and patients
(Christensen, Kristensen, Bartels, Bliddal, & Astrup,
2007). Some of these side-effects relate to the drugs
action on the motivational/emotional systems that
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we have been discussing. Although pharmaceutical
companies had largely discounted direct therapeutic
effects on these processes in favour of targeting
peripheral metabolic factors (Van Gaal, Pi-Sunyer,
Despres, McCarthy, & Scheen, 2008), it could still
be possible to safely utilize CB1 antagonists as
effective modifiers of appetite. New modes of
administration, and perhaps combinations with
other kinds of drugs to promote synergistic interac-
tions with other feeding factors, are not beyond the
scope of imagination. But it is clear that far more
fundamental research into the exact role of central
endocannabinoids appetite and mood processes is
required.

With continuing advances, the number of ther-
apeutic opportunities for agonists may also expand.
One of the currently licensed uses of cannabinoids in
the USA and elsewhere involves THC (dronabinol or
its synthetic analogue nabilone) in the stimulation of
appetite in cancer and HIV infection (Plasse et al.,
1991; Haney, Rabkin, Gunderson, & Foltin, 2005).
Cannabinoids may also have application in the
wasting and appetite loss associated with ageing
and the dementias (Volicer, Stelly, Morris,
McLaughlin, & Volicer, 1997). Anorexia nervosa
could also be a potential target for the application of
cannabinoids, despite the condition’s complex psy-
chopathology. So far only a single, ineffective, study
with THC has been reported, and more carefully
designed studies may be more successful (Gross
et al., 1983).

However, the clinical application of THC in these
conditions predates the current knowledge of
endocannabinoids and their behavioural and phy-
siological functions. And, again, these applications
are based on very little understanding of the
psychological or behavioural actions of the drugs
in healthy populations. We should, however, antici-
pate that better understanding of endocannabinoid
function could produce enhanced treatments in
future. We have the pharmacological tools whereby
we could move from animal models to human
experiments to gain greater insight into the potential
involvement of endocannabinoids in food-craving,
orosensory reward, psychophysical responses to
food, hunger, etc. While it is so far impossible to
administer anandamide to people, THC at relatively
low doses that are devoid of unwanted intoxication
represents a safe and readily available test com-
pound. There are very many questions to ask which
can only be answered through human experiments,
but unless lawmakers can set aside their ignorance
and prejudice in favour of supporting basic pre-
clinical and clinical cannabinoid research, the pace
of discovery is likely to remain slow and the likely
benefits distant.

One area where basic research may provide a lead
for useful medical interventions comes from recent
work that suggests that endocannabinoid systems are
vital to the ability of neonates to suckle. Thus when
rimonabant is administered to newborn mice, milk
ingestion and subsequent growth is completely
inhibited, with fatal results. Similarly, CB1 knockout
mice display deficient suckling at birth (Fride et al.,
2005). Fride (2008) has proposed that at birth, brain
2-AG is sufficient to stimulate suckling, but that 2-
AG present in maternal milk provides an essential
additional stimulus to further feeding. By extrapola-
tion, a deficient endocannabinoid-CB1 receptor
system may underlie a failure to thrive in human
infants. Since 2-AG has also been detected in bovine
and human milk (Di Marzo et al., 1998), and dietary
manipulation of essential fatty acids has been shown
to affect brain endocannabinoid levels in animals
(Berger et al., 2001; Artmann et al., 2008), it is
possible that deficiencies in maternal nutrition may
lead to underdevelopment of endocannabinoid sys-
tems in the foetus and neonate, and may possibly
underlie the little understood phenomenon of ‘failure
to thrive’. Thus, there may be opportunities to
develop nutraceutical treatments, whereby dietary
manipulation of endocannabinoid precursors might
effect beneficial changes in eating behaviour in
infants. Such treatment might also be used to affect
appetite and eating behaviour, or energy metabolism,
in adults who overconsume and/or who are over-
weight or obese.

Future directions

As this sketch indicates, central endocannabinoid
systems are implicated in the principal psychological
processes that govern eating motivation, and may
represent critical components of the mechanisms that
lead us to overconsume, and which represent the
major contributor to weight gain. As such, the
endocannabinoids are potentially important thera-
peutic targets for pharmacological treatments
designed to modify eating behaviour and attitudes/
responsiveness to foods. Modification of endocanna-
binoid activity, or blockade of CB1 receptors may
allow us to limit our susceptibility to the temptations
of food and to learn to restrain our excessive
appetites. As these factors contribute more than any
others to the development of obesity — and may be
implicated to different extents in conditions such as
bulimia nervosa and binge eating disorder, there is an
urgent need to define the psychological conse-
quences of CB1 receptor manipulations in human
studies. Insights obtained from the exploration of
the subjective effects of CB1 ligands would shed
important light on the true physiological role of
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new therapeutic avenues.
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