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The endocannabinoid system
and n-3 fatty acids



The endocannabinoids

Δ9-THC

2-AG

AEA



Di Marzo, 2006

The history of the (endo)cannabinoids
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Specific lipid-lipid interaction modulating the 
diffusion and transport of endocannabinoids 

Dainese E, Oddi S, Bari M, Maccarrone M. Modulation of the endocannabinoid system by lipid rafts. Curr Med 
Chem. 2007;14(25):2702-15.



MD shows that the presence of cholesterol
enhance the flip-flop rate of AEA



LRs are an ideal platform for GPCRs signaling

(Allen et al., 2007)

(MCD)



Modulation of ECS by membranes
Effect of plasma membrane cholesterol

on  CB receptors  function

Receptor

Treatment

Cholesterol depletion Cholesterol enrichment

Binding Signaling Binding Signaling

CB1R ↑ ↑ ↓ ↓

CB2R ↔ ↔ ↔ ↔

b2-AR ↑ ↑ ↓ ↓

Serotonin1A R ↑ ↑ ↓ or ↔ ↓ or ↔

Current Medicinal Chemistry, 2010, 17, 1487-1499 1487
Interaction of Endocannabinoid Receptors with Biological Membranes 
E. Dainese, S. Oddi and M. Maccarrone



Putative cholesterol binding sites in CBRs:
Cholesterol Recognition Aminoacid Consensus (CRAC)

Transmembrane helix 7

CRAC seq: V/L-X1-4-Y-X1-4-K/R

K402
G304

CB1R CB2R

Oddi & Dainese et al., 2011



Functionality and intracellular distribution
of WT and K402G CB1-GFPR

WT K402G

Ratio M/T 0.12 ± 0.02 0.09 ± 0.02

DRM remnant (%) 20 ± 5 25 ± 5
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Quantitative colocalization of CB1-GFPR and filipin
(cholesterol binder) on the plasma membrane

III III III

III III III

CB1-GFPR

CB1(K402G)-GFPR

Filipin

Filipin

Merge

Merge



b2-AR and CB1 receptors share putative palmitoylation sites

Palmitate residue



Putative palmitoylation site in CB1R



Cys415 palmitoylation is involved in targeting CB1 receptor 
to the plasma membrane

Protein Pearson’s Correlation Coefficient Overlap Coefficient Intensity Correlation
Quotient

CB1-GFPR 0.74 ± 0.08 0.74 ± 0.07 0.214 ± 0.035

CB1(C415A)-GFPR 0.27 ± 0.07* 0.27 ± 0.04* 0.046 ± 0.009*

CB1-
GFPR

CB1(C415A) -
GFPR

CTX
B

CTX
B

merge merge

*p < 0.01 versus CB1R-GFP Oddi & Dainese et al., 2012



Lipid-lipid and lipid-protein interactions:
trafficking of AEA as a control point of its signalling

Maccarrone, Dainese  & Oddi, 2011



STUDIES OF FAAH-LIPIDS INTERACTIONS BY COMBINING 
Fluorescence Resonance Energy Transfer (FRET), Small Angle 

X-ray Scattering (SAXS) and in silico APPROACHES
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Rg = 129 ± 7 Å
D max= 410 ± 10 Å

Determination of the oligomerization state of FAAH in solution by 
small angle X-ray scattering (SAXS)



Determination of the oligomerization state of FAAH in solution by 
small angle X-ray scattering (SAXS)



Membrane lipids dissociate these oligomers 
and stabilize FAAH dimer
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Dainese et al., 2014



FAAH activity is strongly increased by membranes containing AEA and 
cholesterol

**p < 0.01 versus CTRL



Study of FAAH/membrane 
interaction by FRET

295 nm 
343 nm
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Higher membrane affinity of FAAH 
to ER membranes containing AEA and cholesterol
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Dainese E et al., (2014) Membrane lipids are key modulators of the endocannabinoid-hydrolase FAAH. Biochem J. 457(3):463-472.



Confocal analysis of the cellular localization of FAAH

Dainese E et al., (2014) Membrane lipids are key modulators of the endocannabinoid-hydrolase FAAH. Biochem J. 457(3):463-472.



Molecular Dynamics (MD) of the
full binding trajectory of AEA into the FAAH active site

Dainese E et al., (2014) Membrane lipids are key modulators of the endocannabinoid-hydrolase FAAH. Biochem J. 457(3):463-472.



MD simulations show that 
cholesterol facilitates the binding of AEA to FAAH 

by opening the membrane port

Dainese E et al., (2014) Membrane lipids are key modulators of the endocannabinoid-hydrolase FAAH. Biochem J. 457(3):463-472.



Phytocannabinoids and endocannabinoids (eCBs)



DHEA EPEA

Ø ANTI-CANCER AGENTS

Ø ANTI-INFLAMMATORY 
PROPERTIES

ω-3 ENDOCANNABINOIDS 



eCB system and the gastrointestinal tract (GI)



Role of endocannabinoids like molecules
in Alzheimer disease



Food as a cocktail of hormones





Nutraceuticals and reward circuit

When this circuit is stimulated, active

connections with other nuclei and areas

of the base brain (amygdala,

hippocampus). These regions process

and retransmit to the nucleus accumbens

different types of signals related to a

pleasant and rewarding activities, such as

food, sex, games but also the

interpersonal and social relationships.

The frontal cortex receives and integrates

the information, coordinating the

behavioral response.



eCBs control appetite, food intake and energy balance



N-Oleoylethanolamine (OEA) is an 
anorexic lipid mediator regulated

by feeding



Oleic acid
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Oleic acid

= OEA

Biosynthesis of OEA



F.Rodríguez de Fonseca et al. (2001) An anorexic lipid 
mediator regulated by feeding. Nature 414;209

Oleic acid

Anandamide (20:4)

N-Palmitoylethanolamine (16:0)

N-Elaidoylethanolamine (t-18:1)
N-Oleoylethanolamine (18:1) = OEA

i.p. injection of:

OEA formed in the intestine may act locally via PPARa-
activation, thus stimulating vagal sensory fibers that lead 
from the intestine to the brain appetite center.



S.Gaetani et al (2003) Modulation of meal pattern in 
the rat by anorexic lipid mediator oleoyl-
ethanolamide. Neuropsychopharmacology 28;1311

”OEA increases feeding latency
and decreases meal frequency in rats”

Endogenous oleoylethanolamide may help 
maintain satiety in the post-ingestive state via 
activation of local PPARα. The signal is then 
mediated via vagal sensory fibers to the brain 
appetite center.
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Oral OEA decreases food intake 
in fasted rats



H.A. Overton et al (2006) 
Deorphanization of a G 
protein-coupled receptor 
for OEA and its use in the 
discovery of small-
molecule hypophagic 
agents. Cell Metab. 3; 167-
175

OEA
PSN

Expression 



Dietary fat decreases OEA in Jejunum

Statistical Analysis: One Way ANOVA, followed by Tukey’s Multiple Comparison Test (* P < 0.05;  ** P < 0,01;  *** P < 0.001).
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All high-fat diets decreased levels of intestinal OEA in 
rats (A. Artmann et al, 2008)

OEA levels

Palm oil

Olive oil

Safflower oil

Olive oil + 20:4

Olive oil + fish oil

Thus, high dietary fat 
intake may induce over-
consumption of food 
through down-regulation 
of intestinal OEA levels

(Hansen & Diep, 2009)



Schwartz & Holst (2010) Cell Metab.

OEA and the release of intestinal 
hormones (incretins)



Nutritional biochemistry is a science that involves the
relationship of food and nutrients to health. The specific goal
of this science is to improve human health by understanding
the biochemical role of each nutrient in the diet.

The bioavailability of a nutrient depends on its concentration 
within the food but mainly on its chemical form affecting the 
intestinal absorption. 

This is a fundamental rule governing the absorbtion of all 
nutrients in food: 

-Carbohydrates, Proteins, Lipids;

-Vitamins and oligoelements;

-Antioxidant molecules and NUTRACEUTICS

CONCLUSIONS



Antioxidant activities
In vitro (i.e. within the food)

-Total antioxidant activity;
- Total polyphenols content (etc.)

Food stabilization effects:
-Reduced amount of reactive 

oxygen species in food;
- Reduced activities of pro-
oxidant enzymes in food;
-Reduced amount of lipid 

peroxides in food;
- High quality of food.

In vivo (e.g. within the body)

- Specific molecules derived 
from digestion (not always the 
same observed in vitro);
- Effects on anti- or pro-oxidant 
enzymes.
- Modulation of genes involved 
in lipid biosynthesis

Effects on health:
- Cell antioxidant activity;

- Reduced amount of oxidized LDL;
- Contrasting CVD and cancer.

Intestinal barrier


