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Background: Hedonic hunger refers to consumption of food just for pleasure and not to maintain
energy homeostasis. In this condition, the subject eats also when not in a state of short-term energy
depletion, and food is consumed uniquely because of its gustatory rewarding properties. The
physiological mechanisms underlying this eating behavior are not deeply understood, but endog-
enous rewarding mediators like ghrelin and endocannabinoids are likely involved.

Objective and Design: To explore the role of these substances in hedonic eating, we measured
changes in their plasma levels in eight satiated healthy subjects after ad libitum consumption of
highly palatable food as compared with the consumption of nonpalatable food in isoenergetic
amounts with the same nutrient composition of the palatable food.

Results: The consumption of food for pleasure was characterized by increased peripheral levels of
both the peptide ghrelin and the endocannabinoid 2-arachidonoyl-glycerol. Levels of the other
endocannabinoid anandamide and of anandamide-related mediators oleoylethanolamide and
palmitoylethanolamide, instead, progressively decreased after the ingestion of both highly plea-
surable and isoenergetic nonpleasurable food. A positive correlation was found between plasma
2-arachidonoyl glycerol and ghrelin during hedonic but not nonhedonic, eating.

Conclusions: The present preliminary findings suggest that when motivation to eat is generated
by the availability of highly palatable food and not by food deprivation, a peripheral activation of
two endogenous rewarding chemical signals is observed. Future research should confirm and
extend our results to better understand the phenomenon of hedonic eating, which influences food
intake and, ultimately, body mass. (J Clin Endocrinol Metab 97: E917-E924, 2012)

istorically, human beings aimed to seek food to sur-
H vive, and sophisticated physiological mechanisms
evolved to regulate eating behavior and energy homeosta-
sis (1, 2). In present times, because of the availability of
highly palatable food in the environment, consumption of
food just for pleasure and not to maintain energy homeo-
stasis has become more and more widespread. This phe-
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nomenon has been defined hedonic hunger (3). Thus, de-
siring and eating a piece of cake after a satiating meal
represents a typical example of food ingestion driven by
pleasure and not by energy deprivation.

As pointed out by Lowe and Butryn (3), a requisite for
foods to still be desired and eaten even when there is no
need for caloric ingestion is that they are extremely re-

Abbreviations: AEA, Anandamide; 2-AG, 2-arachidonoyl-glycerol; AUC, area under the
curve; CB1 and -2, cannabinoid type 1 and 2; OEA, oleoylethanolamide; PEA, palmitoyle-
thanolamide; PPAR-a, peroxisome proliferator-activated receptors-a; VAS, visual analog
scales.
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warding and highly pleasurable for the subject. Therefore,
although homeostatic hunger also has a hedonic compo-
nent, hedonic hunger differentiates from homeostatic
hunger by two main parameters concerned with the tim-
ing, quantity, and quality of the meal: first, the subject eats
also when not in a state of energy depletion, and second,
the food is consumed uniquely because of its gustatory
rewarding properties and independently from its caloric
content. Itis intuitive that hedonic hunger may powerfully
stimulate food intake in an environment where highly pal-
atable foods are omnipresent and contribute to the diffu-
sion of overweight and obesity. Therefore, understanding
the physiological mechanisms underlying this eating be-
havior may help to contrast it.

Animal data support the view that distinguishable al-
though overlapping neural and peripheral pathways, in-
volving several appetite-regulating substances, drive ho-
meostatic- and hedonic-based eating (4, 5). Schematically,
in homeostatic eating, energy deficit triggers the activation
of hypothalamic hunger mediators, which promote food
intake; this, in turn, leads to the release of hypothalamic
satiety signals that stop food consumption. In hedonic
eating, instead, it has been proposed that highly palatable
food activates brain reward circuits with the release of
dopamine, endocannabinoids, and opiates, which induce
a persistent stimulation of hypothalamic hunger signals
and inhibition of satiety mediators. In this condition, the
drive to eat is maintained and food is consumed also with
no need for energy, and just because of its rewarding and
pleasurable properties. A role for the orexigenic peptide
ghrelin and the orexigenic local mediators, the endocan-
nabinoids, in mediating reward processes has also been
demonstrated (6, 7); thus, the involvement of these differ-
ent chemical signals and their receptors in both homeo-
static and hedonic eating seems likely. In particular, the
endocannabinoid signaling system, consisting of two main
local lipid mediators, the endocannabinoids anandamide
[arachidonoylethanolamide (AEA)] and 2-arachidonoyl-
glycerol (2-AG), their two G protein-coupled receptors,
the cannabinoid type 1 (CB1) and -2 (CB2) receptors, and
enzymes for the biosynthesis and degradation of AEA and
2-AG, has been suggested to play a fundamental role in
both the homeostatic and hedonic aspects of food intake
(7). We hypothesized that endocannabinoids and ghrelin
responses to highly pleasurable food should differ from
those to nonpalatable food to drive the motivation to eat
even when there is no negative energy imbalance. There-
fore, to explore the role of endocannabinoids and ghrelin
in human hedonic eating, we measured peripheral changes
in their levels after the hedonic consumption of food in
normal-weight satiated healthy subjects.

Hedonic Eating, Endocannabinoids, and Ghrelin
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Subjects and Methods

Eight healthy subjects, three men and five women, aged
21-33 yr (mean * sp = 25.5 * 3.8 yr), were enrolled into the
study. They had normal eating behaviors without food restric-
tion or dieting or bingeing, as ascertained by a semistructured
clinical interview that we usually adopt in our clinical assessment
of patients with eating disorders; this is a validated instrument
based on the eating disorder module of the Structured Clinical
Interview for Axis I DSM-IV disorders nonpatient edition (8).
Their mean body mass index was 22.07 * 2.7 kg/m?, and sub-
jects with a body mass index above 25 kg/m? and/or antecedent
of obesity were excluded from the study. All subjects were drug
free, had normal physical examinations, values of routine blood
and urine tests, and electrocardiogram. None of them had a past
history of alcohol or drug abuse. Only normal-weight healthy
subjects were included in this study to explore peripheral bio-
logical responses to hedonic eating in physiological conditions.

The experimental protocol was approved by the local ethical
committee, and all subjects gave their written consent after being
fully informed of the nature and procedures of the study. The
experiment used a within-subject repeated-measure design in
which each volunteer served as his/her own control. All subjects
were tested two times, 1 month apart; women were tested in the
follicular phases of two consecutive menstrual cycles (d 5-10
from menses). Before the first experimental session, each partic-
ipant was asked to indicate her/his more palatable food by an-
swering the following question: “which is your most favorite
food that you would eat also when satiated, just for pleasure?”

On the first test session, participants arrived at our Clinical In-
vestigation Unit at 0830 h after a 12-h fast. At 0900 h, they were
asked to rate their hunger and satiety on visual analog scales (VAS)
that used a 10-cm line with labels at the extremities indicating the
most negative and the most positive ratings; then they received a
breakfast of 300 kcal, with 77% carbohydrates, 10% proteins, and
13% fat. Immediately after breakfast, they rated again their hunger
and satiety by means of VAS. After 1 h, they were told that they
would receive their favorite food, and an iv catheter was inserted
into an antecubital vein to collect a first blood sample [time (T) =
0]; then the catheter was connected to a saline solution, which was
slowly infused to keep it patent. Immediately afterward, each par-
ticipant was exposed to the chosen palatable food for 5 min. During
this time, she/he could smell and see the food but could not eat it. At
the end of the exposure, each participant was asked to rate her/his
hunger, satiety, urge to eat that food, pleasantness to experience a
mouthful of that food, and amount of food she/he would eat by
means of VAS. Then she/he was free to eat the palatable food ad
libitum within 10 min; this time period was chosen to standardize
the time of food ingestion and the times of blood sample collection
among the subjects in the two experimental sessions. Additional
blood samples were drawn immediately after the exposure to the
palatable food (T = §5) and 15 (T = 25) and 120 (T = 130) min after
eating. At the end of the session, the amount of food eaten by each
participant was calculated by weighing the residual food and sub-
tracting it from the initial amount of food provided, and then the
calories eaten were calculated. On the second test session, carried
out 1 month later, participants underwent the same experimental
procedures of the first experimental session except for the fact that
they were exposed to nonpalatable food and had to eat an amount
of it with the same nutrient composition and an equal quantity of
calories as the palatable food they ate in the previous session within
10 min.
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FIG. 1. VAS scores in healthy subjects before and after breakfast in both hedonic (left panel)
and nonhedonic (middle panel) eating sessions and before hedonic and nonhedonic eating
(right panel). Data are expressed as mean = sp. *, P < 0.007; **P < 0.003; ***, P < 0.0003
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responses to the two isoenergetic meals were
analyzed by a mixed-model ANOVA with re-
peated measures, followed by the post hoc
Tukey’s test. Two-way ANOVA with re-
peated measures was employed to analyze dif-
ferences in the subjective VAS scores. The
Pearson’s product-moment correlation test
was employed to analyze possible correla-
tions among the variables. A level of signifi-
cance of P < 0.05 was used for all data
analyses.

Results

VAS scores
No statistically significant differ-

compared with nonhedonic eating.

Palatable foods were served in dishes from which the subject was
free to eat ad libitum; they were typical Italian cakes with chocolate
or Nutella. On the basis of participants’ answers to the question
about their most favorite food that they would eat also when sati-
ated, just for pleasure, bread, milk, and butter were identified as
nondesirable foods and combined ad hoc to provide the same nu-
trients and calorie amounts of the pleasurable foods (see Supple-
mental Table 1, published on The Endocrine Society’s Journals On-
line web site at http://jcem.endojournals.org). Calorie and nutrient
contents of palatable and nonpalatable foods were calculated by
using the WINFOOD program (Medimatica, Teramo, Italy) except
for subjects 2, 7, and 8, who ate packaged foods with labels. To
calculate calorie and nutrient content of Italian cakes, we obtained
the recipes from the confectioner who prepared them.

Blood was collected in tubes with EDTA as anticoagulant.
Plasma was separated by centrifugation and stored at —20 C. Ghre-
lin was measured by a commercial ELISA kit (Phoenix Pharmaceu-
ticals Inc., Burlingame, CA). Plasma glucose was determined by a
commercial enzymatic UV method (Sigma Diagnostics, St. Louis,
MO). Plasma levels of AEA, 2-AG, oleoylethanolamide (OEA), and
palmitoylethanolamide (PEA) were determined by isotopic dilu-
tion-liquid chromatography-mass spectrometry as described pre-
viously (9, 10).

The BMDP statistical software package (11) was used for data
analysis. The Shapiro-Wilk test showed that data were normally
distributed. The Mauchly’s sphericity test was performed to test for
homogeneity of correlation among variables; because its values
were nonsignificant for all the variables, differences in the hormone

ences emerged in hunger and satiety
scores either before or after breakfast
between the test day of hedonic eating
and that of nonhedonic eating. Similarly, the hunger and
satiety scores before hedonic eating did not statistically
differ from those before nonhedonic eating. In both test
days, the hunger scores before hedonic or nonhedonic eat-
ing did not statistically differ from the hunger scores after
breakfast; similarly, the satiety scores before hedonic or
nonhedonic eating did not statistically differ from the sa-
tiety scores after breakfast (Fig. 1). These data demon-
strate that before eating, the palatable food or the isoen-
ergetic nonpalatable food participants were satiated and
did not experience caloric restriction.

The urge to eat, the pleasantness to experience a mouth-
ful of presented food, and the amount of food each par-
ticipant would eat were significantly higher before eating
the palatable food than before eating the isoenergetic non-
palatable food (Fig. 1).

Calorie ingestion and plasma glucose

The calorie amount and the nutrient composition of
palatable and nonpalatable foods eaten by each subjects
areshown in Table 1. No statistically significant difference
emerged in the mean values of calories and nutrients of
palatable and nonpalatable foods. One subject ingested a

TABLE 1. Calorie and nutrient contents (grams) of palatable and nonpalatable foods eaten by each participant

Palatable food

Nonpalatable food

Subject Kcal Lipids Carbohydrates Proteins Kcal Lipids Carbohydrates Proteins
S-1 425.3 6.1 71.5 21.1 389.4 4.6 74.0 13.0
S-2 316.2 18.6 33.6 3.6 319.2 20.0 31.0 3.8
S-3 1529.6 44.8 232.8 48.8 1504.0 48.6 238.0 28.5
S-4 373.0 13.0 56.0 8.0 403.0 11.0 68.0 8.0
S-5 373.0 13.0 56.0 8.0 403.0 11.0 68.0 8.0
S-6 460.0 14.4 67.0 15.6 449.9 16.2 68.0 8.0
S-7 489.0 24.6 62.1 4.8 493.8 24.3 61.2 7.5
S-8 538.2 34.6 50.3 6.4 567.1 32.4 61.3 7.5
Mean +sp 563.0 £397.0 21.1 £12.9 78.7 = 63.3 145150 566.2 =3862 21.0* 14.1 83.7 = 63.7 105 =77
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FIG. 2. Plasma glucose levels after hedonic and nonhedonic eating.
Data are expressed as mean = sp. Mixed-model ANOVA with repeated
measures showed no significant effect for group [F; 56, = 2.22; P =
0.14], a significant effect for time [F3 5y = 10.79; P = 0.00001], and
no significant group X time interaction [F(5 sy = 0.47; P = 0.7].

large amount of calories, because his highly pleasurable
food was represented by a highly caloric Italian cake. Al-
though from this point of view, he was an outlier, his
hormone responses were in the ranges of the other sub-
jects; so we decided to retain him in our analyses.
Plasma glucose levels after hedonic eating did not signif-
icantly differ from those after nonhedonic eating (Fig. 2).

Plasma ghrelin

The timing of ghrelin changes in hedonic eating statis-
tically differed from that in nonhedonic eating. Indeed, 5
min after the exposure to the highly pleasurable food,
plasma ghrelin levels showed a more pronounced al-
though not statistically significant increase than after the
exposure to the nonpalatable food. Moreover, whereas
plasma ghrelin levels progressively decreased after eating
the nonpalatable food, they showed a further and statis-

—&— Hedonic eating

Hedonic Eating, Endocannabinoids, and Ghrelin

J Clin Endocrinol Metab, June 2012, 97(6):E917-E924

tically significant increase 120 min after eating the highly
pleasurable food (Fig. 3). The total secretion of ghrelin,
measured as the area under the curve (AUC), was signif-
icantly higher in hedonic than in nonhedonic eating [F; 14, =
6.27; P < 0.025] (Fig. 3).

Plasma AEA, OEA, PEA, and 2-AG

Plasma levels of AEA, OEA, and PEA significantly de-
creased after eating, but the timing and the magnitude of
changes after hedonic eating did not differ statistically
from those after nonhedonic eating (Fig. 4).

Plasma levels of 2-AG decreased after eating both the
palatable and nonpalatable food; however, compared
with nonhedonic eating, plasma 2-AG levels were signif-
icantly higher before the exposure to the palatable food
(T = 0) and 120 min after eating it (T = 130) (Fig. 5).
Plasma 2-AG AUC was significantly higher in hedonic
eating than in nonhedonic eating [F; 14, = 10.59; P <
0.006] (Fig. 3).

Correlations

No significant correlation emerged between the AUC
or T = 0 values of 2-AG or ghrelin and VAS measures or
ingested calories in both the hedonic and nonhedonic eat-
ing condition. Instead, a significant positive correlation
emerged between plasma AUC of 2-AG and plasma AUC
of ghrelin in hedonic eating (r = 0.907; P = 0.002) but not
in nonhedonic eating (r = 058; P = 0.1).

Discussion

The endocannabinoids AEA and 2-AG are two lipid medi-
ators that have been both described to play a major role in the
stimulation of food intake. They exert
this function by activating cannabinoid

14 90
= 0O =Non-hedonic eating

80 1
1,2

CB1 receptors, which are widely distrib-
uted in several brain areas, including

70

60 1
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those involved in the homeostatic and he-
donic control of feeding (7). Under nor-
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FIG. 3. Plasma ghrelin levels (left panel) and plasma ghrelin AUC (right panel) after hedonic
and nonhedonic eating. Data are expressed as mean *+ sp. Mixed-model ANOVA with

repeated measures showed a trend toward a significant effect for group [F(; s¢) = 3.84; P =
0.054], a significant effect for time [F3 55, = 4.11; P = 0.01], and a significant group X time

interaction [F5 56y = 5.03; P = 0.003].

Hedonic eating

" Non-hedonic eating ghrelin. These changes have been de-
scribed to occur in the hypothalamus or
limbic forebrain in rodents and in the
plasma in humans (7) (see below). How-
ever, during obesity, endocannabinoid

levels appear to be permanently elevated
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FIG. 4. Plasma levels of anandamide (top panel), OEA (middle panel),
and PEA (bottom panel) after hedonic and nonhedonic eating. Data
are expressed as mean * sp. As for anandamide, mixed-model ANOVA
with repeated measures showed no significant effect for group [F(; s¢) =
0.98; P = 0.32], a significant effect for time [F5 56 = 15.97; P <
0.000001], and no significant group X time interaction [F3 55 = 0.50;
P = 0.6]. As for OEA, mixed-model ANOVA with repeated measures
showed no significant effect for group [F(; s¢) = 0.24; P = 0.6], a
significant effect for time [F(5 56 = 10.65; P = 0.00001], and no
significant group X time interaction [F5 56y = 2.02; P = 0.12]. As for
PEA, mixed-model ANOVA with repeated measures showed no
significant effect for group [F(; 56, = 3.40; P = 0.07], a significant
effect for time [F3 56 = 11.88; P = 0.000001], and no significant
group X time interaction [F3 55y = 1.95; P = 0.13].

(7,12). No study has been carried out thus far to investigate
the regulation of endocannabinoid levels after hedonic eat-
ing, and in fact, to the best of our knowledge, the present one
is the first study exploring peripheral biochemical changes
associated with this type of eating behavior. We found that
in satiated normal-weight healthy subjects, the consumption
of food for pleasure was characterized by increased plasma
levels of both the peripheral peptide ghrelin and the endo-
cannabinoid 2-AG. Plasma levels of the other endocannabi-
noid, AEA, and of the two AEA metabolically related lipids
and agonists of peroxisome proliferator-activated recep-
tors-a (PPAR-«), OEA and PEA, instead, progressively de-

jcem.endojournals.org E921

creased after the ingestion of both highly pleasurable and
isoenergetic nonpleasurable food. In our experimental pro-
tocol, satiation was obtained by eating a breakfast of 300
kcal. Although this could seem an energy amount not enough
to suppress hunger completely after 12 h fasting, eating such
an amount of calories at breakfast is in line with Italian feed-
ing habits and, therefore, best represents the natural morning
feeding condition in our participants.

In our subjects, the ghrelin increase observed 5 min after
the exposure to both the palatable and nonpalatable food
likely represents the increased ghrelin secretion occurring in
the cephalic phase of food ingestion, when subjects see
and/or smell the food but do not eat it yet (13). However,
after the exposure to the highly pleasurable food, such an
increase was more pronounced compared with that observed
in nonhedonic eating, although this difference was not sta-
tistically significant; furthermore, plasma ghrelin levels pro-
gressively decreased after eating the nonpalatable food as it
occurs in homeostatic eating (14), whereas they increased
after the ingestion of the palatable food. These preliminary
findings show for the first time an activation of ghrelin se-
cretion in hedonic eating and support a role for this peptide
in mediating the motivation to eat even when there is no need
for calories.

It has been recently shown that ghrelin not only acts as an
orexigenic signal but intervenes also in the modulation of
reward and motivated behaviors. A functional magnetic res-
onance imaging study (15) showed that iv ghrelin adminis-
tration in healthy subjects increases the neural response to
food pictures in brain areas implicated in reward processing
and appetitive behavior such as the amygdala, ventral
striatum, anterior insula, and orbitoforntal cortex. More-
over, experimental data demonstrated that injection of
ghrelin into the third ventricle of mice significantly in-
creases locomotor activity as well as extracellular dopa-
mine levels in the nucleus accumbens (6), a neurochemical
system involved in reward and motivated behavior as well
as in mediating the incentive salience of food (16). There-
fore, it has been suggested that ghrelin-induced activation
of the mesolimbic dopaminergic reward system increases
the incentive value of food and facilitates food-seeking
behavior (6). Likewise, on the basis of our preliminary
data, it can be tentatively proposed that an increased se-
cretion of ghrelin activates central reward pathways,
which override the physiological inhibition of food inges-
tion driven by the satiety condition, so that eating is main-
tained despite no need for calorie ingestion, and just for the
rewarding properties of the highly pleasurable food.

Our findings suggest also an involvement of the endo-
cannabinoid 2-AG in hedonic eating. In our experimental
conditions, plasma levels of 2-AG were significantly
higher even before the exposure to the highly pleasurable
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we observed in subjects exposed to the
palatable food might be the result of

spillover from the brain areas in which

exposure to palatable food enhances
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FIG. 5. Plasma levels of 2-AG (left panel) and plasma 2-AG AUC (right panel) after hedonic
and nonhedonic eating. Data are expressed as mean = sp. Mixed-model ANOVA with
repeated measures showed significant effects for both group [F(; s¢) = 6.77; P = 0.01] and
time [F5 s¢) = 4.81; P = 0.004] but no significant group X time interaction [F3 55y = 2.09;

P=0.11].

food, and although decreasing after eating both types of
food, they were significantly higher 120 min after eating
the palatable food than after eating normal food. These
data suggest an activation of endogenous 2-AG produc-
tion from peripheral sources before the exposure to the
highly palatable food, which can be explained by the na-
ture of our experimental protocol. Indeed, the participants
in this study knew that they would eat the highly pleasur-
able food in the first experimental session, because, to
balance the nonpalatable food to the palatable one in
terms of caloric and nutrient intake, we were obliged to
administer first the pleasurable food. Therefore, the pre-
meal increase of plasma 2-AG in hedonic eating might be
associated with the anticipation of the pleasure of ingest-
ing a food with highly rewarding gustatory properties,
which would promote eating in a condition of no energy
deprivation. After eating the pleasurable food, the plasma
levels of 2-AG, although decreasing as in nonhedonic eat-
ing, were persistently higher than after eating the nonplea-
surable food, and this might be associated with the plea-
sure experienced during such a meal. This hypothesis is
supported by several experimental data in laboratory an-
imals. In fact, rimonabant, an antagonist of the CB1 re-
ceptor, inhibits both palatable food-induced dopamine re-
lease in the nucleus accumbens (17) and intake of palatable
food in non-food-deprived animals (18), both these effects
being much less strong in animals exposed to normal food.
These data suggest that exposure to foods with high sa-
lience and incentive properties might stimulate an endo-
cannabinoid tone to induce dopamine release in this limbic
area (see Ref. 7 for review). This latter event might, in turn,
lead to both increased motivation to consume palatable
foods (also when there is no need for calorie ingestion) and
heighten rewarding effects after the consumption of such
foods. Therefore, the increased plasma levels of 2-AG that

Hedonic eating

possibility, however, is that plasma
2-AG levels reflect spillover from pe-
ripheral tissues, such as the small intes-
tine or adipose tissue, which, like the
brain, respond to food deprivation and
refeeding with changes in local endo-
cannabinoid levels (19). Indeed, gusta-
tory stimulation with high-fat food was
recently shown to cause elevation of endocannabinoid lev-

Non-hedonic eating

els in the small intestine, which in turn was suggested,
through the use of a peripherally restricted CB1 antago-
nist, to contribute to further consumption of fat via vagal
fibers (20, 21). Spillover of endocannabinoids from pe-
ripheral organs into the plasma in humans is not unprec-
edented. Caraceni et al. (22) showed that, in patients with
cirrhosis, who exhibit an overall overactive endocannabi-
noid system in the liver, part of circulating 2-AG comes
from this organ, because its levels in the suprahepatic vein
were higher than its average circulating levels.

In fact, a limitation of our study is represented by the
fact that we could measure only circulating levels of en-
docannabinoids and ghrelin; thus, it remains to be deter-
mined whether the changes we observed in plasma reflect
changes in peripheral tissues or in brain areas directly in-
volved in reward. Indeed, during human conditions in
which the brain has been suggested to produce more en-
docannabinoids, such as in certain neuroinflammatory
diseases, this is reflected in the blood (23). Another limi-
tation of our study is that we chose to perform only two
plasma measurements after the meal, the first 10 min after
finishing the ingestion of food and the second 2 h later.
Therefore, we cannot exclude that more frequent mea-
surements could have revealed different biochemical pro-
files. Finally, the post hoc power analysis showed that the
present sample size had a power 0of 0.78 to detect a medium
effect size (f = 0.30) at an a-value of 0.05 to find bio-
chemical changes significantly different between hedonic
and nonhedonic eating; therefore, our results should be
regarded as preliminary.

Based on our data, an interaction between ghrelin and the
endocannabinoid 2-AG can also be proposed. In fact, we
found a positive correlation between ghrelin levels and those
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of 2-AG, both measured as AUC, in the hedonic but notin the
nonhedonic condition. In support of this interaction, it is
known that administration of exogenous ghrelin to mice sig-
nificantly increases 2-AG content in the hypothalamus and
stimulates appetite through a CB1 receptor-mediated mech-
anism (24). On the other hand, indirect data also suggest that
peripheral CB1 receptor activation might tonically contrib-
ute to circulating ghrelin levels in satiated rats (25). There-
fore, it could be proposed that the role of peripheral ghrelin
in the rewarding effects of highly pleasurable food is medi-
ated by an activation of the endogenous production of 2-AG
or vice versa. However, our data are only of correlative na-
ture and, therefore, should be interpreted with caution. Nev-
ertheless, it is worthwhile noting that the levels of AEA and
of the anorexigenic intestinal mediator peptide YY were re-
cently reported to decrease and increase, respectively, 1 h
after a meal in normal-weight, but not obese, subjects. Yet,
AEA and peptide YY levels did not negatively correlate with
each other (26), in agreement with the absence of any evi-
dence of reciprocal regulation between the intestinal peptide
and the endocannabinoid.

To date, no evidence of a role for PPAR-« in the re-
warding effect of food has been reported, although this
nuclear receptor was recently suggested to counteract the
rewarding properties of nicotine (27). Here, we also mea-
sured the plasma levels of the two PPAR-« ligands, OEA
and PEA, which share metabolic pathways and enzymes
with AEA. Indeed, like AEA, and in agreement with pre-
viously published studies (26, 28, 29), the levels of these
two compounds decreased after food consumption. This
effect occurred irrespective of the palatability of the meal
and is possibly due to insulin-induced inhibition of the
biosynthesis, or up-regulation of the degradation, of these
compounds in our insulin-sensitive subjects (30). Indeed,
it was not surprising to see that the levels of 2-AG, on the
one hand, and of the N-acylethanolamines AEA, PEA, and
OEA, on the other hand, responded to exposure to pal-
atable food in different ways because it is now well estab-
lished that 2-AG and N-acylethanolamines are produced
and biosynthesized through different pathways and en-
zymes (7).

In conclusion, our preliminary findings show that when
innormal-weight healthy subjects motivation to eatis gen-
erated by the availability of highly palatable food and not
by food deprivation, a peripheral activation of two en-
dogenous rewarding chemical signals is observed, al-
though there is no biological need for caloric ingestion.
Future research should confirm and extend our results to
patients with obesity or with other eating disorders to
better understand the phenomenon of hedonic eating,
which could powerfully influence food intake and, ulti-
mately, body mass.
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