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Abstract

Oleoylethanolamide (OEA) has been previously reported to regulate food intake and body weight gain when administered intraperitoneally.
Nevertheless, little information is available with regard to oral administration. To assess whether oral OEA can also exert a similar effect on body fat, we
fed C3H mice a high-fat diet supplemented with either 10 or 100 mg/kg body weight OEA for 4 weeks. OEA supplementation significantly lowered food
intake over the 4 weeks and decreased adipose tissue mass. Plasma triglyceride levels were also significantly decreased by OEA treatment. In order to
identify the potential molecular targets of OEA action, we screened the expression levels of 44 genes related to body fat mass and food intake in
peripheral tissues. Adipose tissue fatty acid amide hydrolase (FAAH), intestinal fatty acid transporter/cluster of differentiation 36 and the OEA receptor G-
protein-coupled receptor 119 (GPR119) were among the most OEA-responsive genes. They were also associated with reduced body fat pads regardless of
the dose. Adipose FAAH was found to be primarily associated with a decrease in food intake. Our data suggest that the anti-obesity activity of OEA
partially relies on modulation of the FAAH pathway in adipose tissue. Another mechanism might involve modulation of the newly discovered GPR119 OEA
signaling pathway in the proximal intestine. In conclusion, our study indicates that oral administration of OEA can effectively decrease obesity in the
mouse model and that modulation of the endocannabinoid fatty acid ethanolamide pathway seems to play an important role both in adipose tissue and in
small intestine.
© 2010 Elsevier Inc. All rights reserved.
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1. Introduction

Fatty acid ethanolamides (FAEAs) or N-acyl-ethanolamides are
structurally related lipids that contain a fatty acid moiety linked to
ethanolamine [1]. FAEAs are a family of natural lipids found in plant
and animal tissues. They have several effects on health, including
regulation of energy balance and control of food intake, and they
also possess anti-inflammatory properties [2]. FAEAs are also formed
in vivo from N-acetylated phosphatidyl-ethanolamide derivatives.
Abbreviations: ACO, acyl-CoA oxidase; FAAH, fatty acid amide hydrolase;
FAT/CD36, fatty acid transporter/cluster of differentiation 36; FIAF, fasting-
induced adipocyte factor; GPR119, G-protein-coupled receptor 119; PPAR,
peroxisome proliferator-activated receptor.
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Some FAEAs such as anandamide (N-arachidonoyl-ethanolamine)
and N-oleoylethanolamide (OEA) are found in the brain, in
biological tissues and in neuronal cells [1]. OEA is also found in
low amounts in foodstuffs and is mainly produced by endogenous
synthesis [1].

In rodents, intraperitoneal administration of OEA was reported
to induce satiety and peripheral utilization of lipid substrates,
thereby leading to reduction in body fat gain [2]. In vitro studies
and knockout animal models have suggested some mechanisms of
action, such as the involvement of peroxisome proliferator-
activated receptor (PPAR) α signaling [3], fatty acid transporter/
cluster of differentiation 36 (FAT/CD36)-dependent lipid uptake by
the proximal intestine [4], selected neuronal activation [5] and
ghrelin signaling [6]. The proximal intestine seems to be a target
organ for satiety control [2]. Indeed, it has been shown that OEA
regulates food intake in wild-type mice, but not in PPARα(−/−)
mice. OEA levels in the proximal intestine are regulated by
nutritional state and are increased in obese rats [7], underlying
the link between OEA biosynthesis, food intake control and
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ig. 1. Relationships among cumulative food intake over 4 weeks and the sum of
dipose fat pads (epididymal, inguinal, retroperitoneal and mesenteric). n=5–7 mice
er group.
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obesity. It was recently shown that OEA can also bind to the G-
protein-coupled receptor 119 (GPR119) [8]. When administered
intraperitoneally, OEA reduces food intake by influencing several
feeding pattern parameters, decreasing meal size, delaying intake
of the first meal and increasing intervals between meals [9]. The
effects of oral OEA administration have also been examined 24 h
after acute force-feeding administration, and it has been shown to
significantly decrease food intake over the first 12 h [9].
Nevertheless, these studies were performed over short periods of
time (6 h to 11 days for intraperitoneal administration and 24 h
for oral administration), and long-term effects on satiety
remain unknown.

In this study, the effects of long-term (4 weeks) oral administra-
tion of OEA on body weight gain and cumulative food intake were
investigated in mice. Supplementation was considered to be chronic
in this study because it was three times longer than subchronic
studies performed over 7 days [4] or 11 days [3]. In these studies, the
effects of OEA on food intake and body weight gain were significant. A
multigene screening approach was carried out to investigate the
effects of chronic oral OEA administration on representative periph-
eral pathways that are potentially implicated in food intake and lipid
metabolism. This study could help delineate potential targets for
further studies.

2. Materials and methods

2.1. Animals, diet and experimental design

All experiments were conducted in accordance with the French Regulations
for Animal Experimentation (Article 19, October 1987, Ministry of Agriculture)
after approval by our institutions' referee for animal care. Adult male C3H mice
at 8 weeks of age were provided by Janvier Elevage (Le Genest-St-Isle, France).
C3H mice were chosen because this strain was shown to develop as much
adiposity as [10] or more adiposity than [11] C57Bl6J mice when exposed to a
high-fat diet. After arrival, the mice were individually housed and maintained for
2 weeks on different diets and water ad libitum. Twenty-one mice were divided
into three groups (n=7 per group). The experimental groups were sorted prior
to treatment based on average weight. Mice were then fed a high-fat diet (lipids
represented 50% of daily energy) for 2 weeks. The composition of the high-fat
diet per kilogram was as follows: 284.5 g of corn starch, 89.5 g of saccharose,
250 g of casein, 50 g of cellulose, 10 g of a mix of vitamins (V1001; HPPS,
California, USA) [100 g of vitamin premix contains 40,000 IU of vitamin A, 10,000
IU of vitamin D3, 500 IU of vitamin E, 5 mg of menadione sodium bisulfite
(62.5% menadione), 2 mg of biotin (1%), 100 μg of cyanocobalamin (0.1%), 20 mg
of folic acid, 300 mg of nicotinic acid, 160 mg of calcium pantothenate, 70 mg of
pyridoxine HCl, 60 mg of riboflavin and 60 mg of thiamin HCl], 35 g of a mix of
minerals (S10026; HPPS) (100 g of mineral premix contains 14.9 g of Ca, 11.4 g
of P, 1.4 g of Mg, 10.3 g of K, 0.9 g of S, 2.9 g of Na, 4.6 g of Cl, 5.7 mg of Cr,
17.1 mg of Cu, 0.6 mg of I, 128.6 mg of Fe, 168.6 mg of Mn, 0.5 mg of Se and
82.9 mg of Zn) and 281 g of canola oil (UPAE, Jouy en Josas, France). OEA was
then added to the diets at different levels to provide 0, 10 and 100 mg/kg body
weight OEA. This corresponded to 0, 36.3 and 363 mg OEA/kg food for each diet
at the beginning of the experiment. During the chronic supplementation period,
OEA supplementation was recalculated weekly as a function of the average body
weights of mice in each group. The mice were fed this OEA diet for 4 weeks.
During the nutritional intervention, daily food intake was monitored, and the
mice were weighed three times a week.

2.2. Sampling

At the end of the experimental period, mice were sacrificed by drawing of
blood after they had been anesthesized with isoflurane (Abbot France, Rungis,
France). Plasma was obtained by centrifugation (1000×g for 10 min at 4°C).
Mesenteric, epididymal, inguinal and peritoneal adipose depots, as well as liver,
stomach, small intestine mucosa and gastrocnemius muscles, were excised and
frozen in liquid nitrogen. Plasma and organ samples were kept at −80°C until
analysis. Triglycerides, glucose, total cholesterol and high-density lipoprotein
cholesterol were directly measured in plasma samples collected during the
sacrifice by enzymatic procedures using a Beckman Coulter Systems SYNCHRON
LX 20 (Beckman Coulter, Fullerton, CA, USA) (oxidase method, Beckman Coulter for
glucose; GPO method, Beckman Coulter for triglyceride; oxidase and esterase
method, Beckman Coulter for cholesterol). The values are expressed in millimoles
per liter.
2.3. RNA extraction and gene expression study

Total RNAs from liver, small intestine epithelium (first 10 cm), adipose tissue,
gastrocnemius muscle and stomach were extracted with TRIzol reagent (Invitro-
gen, Carlsbad, CA, USA) in accordance with the manufacturer's instruction. RNA
concentration was determined spectrophotometrically. For DNA synthesis, reverse
transcription was performed with Superscript II (Invitrogen) in accordance with
the manufacturer's protocol. Real-time quantitative PCR was performed on cDNA,
as described previously, using Stratagene Mx 3005P (Stratagene, Cedar Creek, TX,
USA) and SYBR Green Master mix kit (Eurogentec, Philadelphia, PA, USA). Values
were expressed as ratios of RNA levels relative to one control mouse (diets with
0 mg/kg body weight OEA) using ΔΔ(Ct) [12] in duplicate.

2.4. Statistical analysis

Results are presented as mean±standard error of the mean (S.E.M.).
Statistical analysis of physiological parameters and gene expression data was
performed by one-way analysis of variance (ANOVA) on Statview software (SAS
Institute, Cary, NC, USA). Statistical significance was set at P≤.05. Multivariate
statistics were performed using SIMCA P-11 (Umetrix, Umea, Sweden) after unit
of variance or Pareto scaling of the variables. The choice of scaling unit was
determined by calculation of the best prediction values following cross-validation
(Q2 values). Characterization of the effects of OEA on multigenic response was
examined with an orthogonal projection on latent structure discriminant analysis
(PLS-DA) using the OEA dose in the diet as class determinant (Y dummy
variables). In addition, we examined the relationship between gene expressions
(X variables) and adipose tissue fat pad masses or cumulative food intake (Y
variables) using a similar PLS regression. These methods are based on principal
components. We used the orthogonal-signal-corrected PLS-DA procedure and the
orthogonal-signal-corrected PLS procedure (Fig. 1) that allow variations of the X
variables that are not correlated to Y to be filtered out. This makes the
orthogonally treated data more precise and easier to interpret [13]. The relevance
of individual PLS regression coefficients (center-scaled coefficients) to the
multigenic response was determined by jackknifing (a resampling technique)
[14] using 99% confidence intervals. The contribution of each gene to the
multigenic response was also checked by calculating the variable importance in
projection (VIP) coefficients using a cutoff of 1 and a 99% jackknife confidence
interval. This multivariate approach has had previous applications and validations
in similar nutritional studies [15–18]. As a general rule, each model is internally
validated by cross-validation. In this procedure, part of the data is kept out of
model development and then predicted by the model and compared with actual
values. This was repeated until all subjects had been left out once. The number
of latent variables (principal components) yielding the lowest percentage of
misclassifications (error rate) was chosen as the optimal model. For each model,
seven rounds of left-out subject combinations were performed. More precisely,
response values (class membership for PLS-DA; cumulated food intake and
adipose fat pad mass for PLS) for the excluded mice were predicted by the
model and compared with the actual values. In this test, the predicted values
(Q2, fraction of the total variation of the response Y that can be predicted)
should be close to the actual values (R2), with predicted values (Q2) of N0.5
(50%). Our PLS-DA components could model 74% of the gene expression
variations (R2X) and 98.7% of the dietary group multigenic response (R2Y)
(prediction value Q2=82.5% after cross-validation). The PLS regression compo-
nents could model 99.6% (97% in the first component) of the total variation in
cumulative food intake (R2Y), with a cumulative prediction of 99% after cross-
F
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Table 1
Physiological parameters of mice fed the experimental diets for 4 weeks

Physiological parameters OEA dose (mg/kg body weight)

0 10 100

Cumulative food intake (g) 82.6±0.2a 77.2±0.3b 77.1±0.3b

Liver weight (g) 1,4±0.02a 1.2±0.01b 1.4±0.04a

Total adipose tissue (g) 3.43±0.22a 2.63±0.29b 2.72±0.42b

Mesenteric adipose tissue (g) 0.78±0.07 0.73±0.06 0.72±0.08
Epidydimal adipose tissue (g) 1.22±0.07a 0.89±0.1b 1±0.16
Inguinal adipose tissue (g) 0.95±0.1a 0.66±0.1b 0.7±0.13b

Peritoneal adipose tissue (g) 0.48±0.03a 0.35±0.05b 0.3±0.03b

Body weight (g) 33.5±0.9 31.5±0.4 31.17±1
Gastrocnemius muscle 0.09±0.01a 0.14±0.01b 0.13±0.01b

Plasma triglycerides (mmol/L) 1.59±0.35a 0.44±0.14b 0.66±0.14b

Plasma total cholesterol (mmol/L) 2.94±0.21a 2.5±0.16 2.43±0.21b

Results are presented asmean±S.E.M. (n=6–7mice per group). Values in the same row
and not sharing the same superscript letter (a and b) are statistically different (Pb.05).
Total adipose tissue refers to the sum of mesenteric, epidydimal, inguinal and
peritoneal adipose fat pads.
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validation (Q2 values). The respective values for predicting adipose fat mass
variations were R2Y=92.7% (all variations explained in the first component) and
Q2=90%.

In addition, a correlation network was built using the open-source freeware
Cytoscape (http://cytoscape.org/) [19] in order to determine the strongest pairwise
interactions among the genes participating in the multigenic response [15].
3. Results

3.1. Food intake

According to linear regression analysis, cumulative food intake
over the experimental period could predict up to 40% of the total
variation in adipose fat pad masses (Fig. 1). Interestingly, food intake
was slightly (−6.5%) but significantly (Pb.05) decreased in mice
consuming OEA (Table 1). Daily food intakes were significantly
different for both doses of OEA when compared to controls over the
Fig. 2. Discriminant analysis plot (orthogonal-signal-corrected PLS-DA) showing the diet-induc
100 mg/kg body weight OEA or OEA-free high-fat diet (control). The specificity of the multig
group. The genes that contributed most to the individual score values and group assignments
entire experimental period (two-way ANOVA, Pb.01); however, the
observed effect was not dose dependent.
3.2. Physiological and biochemical parameters

OEA treatment did not induce hepatomegaly (Table 1). OEA
induced a similar decrease in total adipose fat pad weight. Peritoneal
adipose tissue was mainly decreased, and inguinal fat pads, taken as
an indicator of subcutaneous fat depot (main site of fat storage), were
also decreased by OEA intake (P≤.05), whereas mesenteric fat pads
remained unaffected by the dose administered. The final body
weights of the mice were not affected either (Table 1). A significant
increase in gastrocnemius muscle weight was observed in both OEA
groups when compared to controls (Table 1).

Plasma triglycerides were significantly lower in both OEA groups
(−72%, P≤.05 for the 10-mg dose;−59%, P≤.05 for the 100-mg dose)
(Table 1). A trend to decreased plasma total cholesterol was observed
at 10 mg/kg, which reached statistical significance upon treatment at
100 mg/kg body weight.
3.3. Gene expression analysis

The effects of oral OEA administration on gene expression were
evaluated via an advanced pattern recognition statistical procedure
(orthogonal-signal-corrected PLS-DA) (Fig. 2). This allows the
overall gene expression of each mouse to be linearly reduced to
one score and the contribution of each gene in this score to be
determined. The effect of treatments on the gene expression pattern
can thus be easily measured, and the most responsive genes can be
identified. We also determined, by the same procedure, how the
multigenic response to OEA feeding was predictive of some
phenotypic outcomes such as food intake and adipose fat pad mass
and, from this, which individual genes among all the genes analyzed
contributed most to these outcomes.
edmultigenic response (44 genes per mouse) of mice given 10mg/kg body weight OEA,
enic response allowed a 100% class assignment of mice into their respective treatment
are displayed in Fig. 4. n=6–7 mice per group.

http://cytoscape.org/


Fig. 3. (A) Relationships among the multigenic responses reduced to one value per
mouse by PLS analysis and the corresponding cumulative food intake as calculated by
PLS regression. (B) Relationships among themultigenic responses reduced to one value
per mouse by PLS analysis and the corresponding adipose fat pad masses as calculated
by PLS regression. Individual gene contributions to prediction are displayed in Fig. 4.
Groups are indicated by symbols. n=6–7 mice per group.
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First, the multigenic response to both OEA treatments can be
visualized as a three-dimensional plot showing a dose-related
response (Fig. 2). Our model explained up to 76% of the total variance
in gene expression. From this analysis, a common set of OEA-
responsive genes can be extracted from the multigenic response,
regardless of the dose (e.g., 10 mg or 100mg/kg bodyweight) (Fig. 3).
These were the intestinal lipid transporter FAT/CD36, the OEA satiety
receptor GPR119 (up-regulation) and the endocannabinoid hydrolase
fatty acid amide hydrolase (FAAH) in adipose tissue (up-regulation).
Nevertheless, the multigenic response in OEA-supplemented mice
can also be dose differentiated from that in OEA-free mice. The 100-
mg/kg dose can be best characterized by a decreased expression in the
muscle acyl-CoA oxidase (ACO) gene and then by an increase in the
expression of other liver and muscle lipid oxidative genes of the
intestinal FAAH (endocannabinoid metabolism) and fasting-induced
adipocyte factor (FIAF) (inhibition of adipose tissue fatty acid
transport). Conversely, the 10-mg/kg OEA dose was best character-
ized by an increased expression of both adipose tissues visfatin and
adiponectin (insulin signaling) and FIAF (inhibition of adipose tissue
fatty acid transport).

These multigenic response values, reduced to one score value for
each mice, were then plotted to the corresponding food intake values
and adipose fat pad masses and found to be highly predictive of both
phenotypic outcomes (R2=.97 and .93, respectively) (Fig. 3A and B).
From this, we calculated which genes contributedmost to phenotypic
outcome predictions (Fig. 4). In this situation, adipose tissue FAAH,
the genemost influenced by both OEA treatments (Fig. 2), was also by
far the most influential gene in determining the relationships among
multigenic response, food intake and adipose masses (Fig. 4).
Conversely, the OEA intestinal satiety receptor GPR119, another
OEA-responsive gene up-regulated at both doses, could only be
predictive of the decrease in adipose fat pad masses. Adipose tissue
visfatin (up-regulated at 10mg/kg) andmuscle ACO (down-regulated
at 100 mg/kg) also contributed to this relationship. Adipose tissue
visfatin (up-regulation) also significantly contributed to the multi-
genic response to food intake.

In addition to PLS analysis, we performed a pairwise correlation
analysis of the gene expression data. With the Cytoscape tool, a
correlation network was plotted in which the most important
gene–gene interactions could be highlighted for various treatments.
Such analysis gives further insight into the interactions of OEA-
responsive genes. Under the stringent conditions applied (Pearson
correlation coefficient over or equal to .7), 29 of the 44 analyzed
genes demonstrated strong pairwise relationships in which the
larger interactions network included 16 genes (Fig. 5). The adipose
tissue FAAH was connected to a larger number of immediate
neighbors such as GPR119, CD36, FIAF and cannabinoid receptor 1
(intestine), ACO and uncoupling protein 2 (muscle) and acyl-CoA
carboxylase (liver).
4. Discussion

This is the first study to examine the effect of chronic OEA
feeding on body fat mass. Our main purpose was thus mainly
exploratory. Our purpose was, firstly, to establish a possible fat-
lowering effect of oral OEA and, secondly, to find potential
molecular targets at the gene expression level. For this, we used a
multigene screening approach examining together and separately
44 genes potentially involved in food intake and adipose tissue
mass control. This helped to determine what would be the main
possible molecular targets accompanying OEA effects. The multi-
genic response was examined by a multivariate statistical approach,
which also allowed ranking of the contribution of each gene to the
response [17].
As previously observed with intraperitoneal OEA administra-
tion [3,20], body fat mass and plasma triglyceride levels were
reduced upon oral OEA supplementation. This indicates that
OEA remains biologically active when given orally for a long
period of time.

Compared to controls, chronic oral OEA exposure at both doses
significantly modified the multigenic response pattern, which can
also be associated with both food intake and adipose tissue fat pad
masses. In this pattern, the adipose tissue FAAH gene appeared to be
an important target of oral OEA, since it showed themost responses to
treatment among all the genes and it also appeared most inversely
related to both food intake and adipose tissue masses. Furthermore,
this gene appeared pivotal since it correlated with most of the genes
that were OEA sensitive and associated with both adipose fat mass
variation and food intake.

Among these OEA-responsive genes, the genes encoding the
intestinal transporter FAT/CD36, the satietogenic OEA receptor
GPR119 and the FAAH in adipose tissue were the set of genes
that were most commonly regulated regardless of the OEA dose. In
a previous study [3], chronic intraperitoneal administration of OEA
induced the intestinal expression of PPARα and FAT/CD36. We
observed that FAT/CD36 was up-regulated in the same manner in
our oral administration study. We also found a statistically
significant up-regulation of intestinal PPARα, as previously de-
scribed, after intraperitoneal infusion [3,21], but at the lowest dose
only (10 mg/kg). It is also possible that this transcription factor is



Fig. 4. Individual gene contribution to the multigenic response of mice given 10 or 100 mg/kg body weight OEA, as displayed in Fig. 2, or to the multigenic response predicting either
cumulative food intake or body fat pad masses, as displayed in Fig. 3. Black histograms indicate genes showing a significant contribution to either class assignment (mice treated with
10 mg or 100 mg/kg body weight) or phenotypic outcomes (cumulative food intake or adipose fat pad mass), as determined by jackknifing with 99% confidence intervals. Values are
normalized to the adipose tissue FAAH PLS score. n=6–7 mice per group. Genes are displayed by physiological functions. I: proximal intestine; M: muscle; L: liver; AT: adipose tissue;
S: stomach.
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activated posttranscriptionally by oral OEA. This is suggested by the
up-regulation of FAT/CD36, a specific PPARα target gene in the
proximal intestine [22], and also observed in an in vitro assay
(reviewed in O'Sullivan [23]).

Interestingly, supplementation with 100 mg/kg body weight
OEA did not reduce either fat storage or food intake more than the
10 mg/kg body weight supplementation. Nevertheless, it induced a
larger up-regulation of the FAEA degradation pathways (FAAH gene
expression) in the intestine. This would represent a negative
feedback mechanism by OEA on its own bioavailability and
thereby partly explain why we did not observe a larger decrease
in adipose fat pad masses at 100 mg/kg body weight than at 10-
mg/kg body weight. In addition, it can be hypothesized that there
is an indirect effect of the up-regulation of this degradation
pathway on the intestinal degradation of other fatty acyl-
ethanolamides such as anandamide [24]. The implication of the
fatty acyl-ethanolamide endocannabinoid degradation pathway in
obesity has been recently investigated [25]. The expression of the
gene encoding FAAH was more down-regulated in the adipose
tissue of obese patients than in the adipose tissue of lean
individuals. This down-regulation was accompanied by higher
fatty acyl-ethanolamide concentrations in obese subjects [26]. In
this study, we found that up-regulation of the FAAH gene in
adipose tissue was also strongly negatively associated with adipose
fat pad masses. Therefore, it is possible that OEA induces the
peripheral fatty acyl-ethanolamide degradation pathway, especially
in adipose tissue, thus modulating the levels of these endocanna-
binoids in this tissue [27]. This hypothesis can be further
investigated using FAAH knockout mice along with FAEA concen-
tration assessment in plasma.

OEA has recently been shown to be a ligand [28] and intestinal
activator [29] of a new receptor, GPR119. Long-term activation of this
receptor by the selective agonist PSN632408 reduced cumulative food
intake and body fat deposition in rats [8]. This is the first time that this
receptor has also been shown to be up-regulated by OEA feeding. We
also found that its expression level was inversely correlated to
adipose fat pad masses.

In conclusion, we have shown for the first time that 4 weeks of a
diet enriched with OEA decreased both cumulative food intake and
adipose fat mass deposition in mice fed a high-fat diet. This study
confirmed that OEA remains biologically active when administered
orally over a long period of time. Our multigene screening approach
identified potential molecular targets of OEA. Among these targets
is the gene encoding the adipose tissue endocannabinoid degrada-
tion enzyme FAAH, which seems to play a central role in our
experimental conditions. Others included the OEA-activated recep-
tor GPR119, the lipid transporter FAT/CD36 and the FAAH genes, all
located in the small intestine and strongly associated with the
adipose tissue FAAH. This study suggests that the biological action
of OEA could be mediated through modulation of the FAEA



Fig. 5. Correlation plots indicating pairwise correlations between genes analyzed by quantitative PCR that have a Pearson correlation coefficient over or equal to .7 (R2=.5). Only the
strongest relationships remained with this stringent filtering (16 over 44 genes can be visualized). White and progressive gray colorings indicate nonresponsive, negatively responsive
or positively OEA-responsive genes, respectively, in any dietary intervention group, and they can be linked to Fig. 4. n=6–7 mice per group. I: proximal intestine; M: muscle; L: liver;
AT: adipose tissue; S: stomach.
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degradation pathway, especially in adipose tissue. Another mech-
anism of action might rely on the modulation of the newly
discovered GPR119 OEA signaling pathway. The direct impact of
OEA on these targets needs some mechanistic confirmation. A gene
invalidation or interference approach might help to give us further
insights into these questions.
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