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RELAZIONE:  
 
The central nervous system (CNS) and the gastrointestinal tract are constantly in reciprocal communication, 

through the so-called “gut-brain axis”, a bidirectional system that involves neuronal, hormonal and 

immunological signals. Many of these signals play a role in the control of energy homeostasis, such as leptin, 

cholecystokinin, glucagon-like peptide-1 and peptide YY, which have been the best characterized. 

Among these “gut-derived signals”, a great deal of attention has also been dedicated to oleoylethanolamide 

(OEA), an endogenous lipid generated in the intestine upon the ingestion of fat (Romano et al., 2015). OEA is 

structurally analogous to the endocannabinoid anandamide, although it does not show any affinity for the 

cannabinoid receptors, nor does it induce cannabinomimetic effects (Rodrìguez-De Fonseca et al., 2001). 

Most of the consideration for OEA’s biological roles and mechanism of action derived from its potential 

interest as a novel pharmacological target for the treatment of obesity and eating disorders (Gaetani et al., 

2016). In fact, as a drug, OEA reduces food intake and body weight gain in both lean and obese rodents by 

the activation of the peroxisome proliferator-activated receptor-alpha (PPAR-alpha). 

The hypophagic action of OEA appears behaviourally selective: not linked to anxiety-like symptoms, visceral 

malaise, alterations in plasma corticosterone, changes of body temperature, pain threshold, or of glucose, 

leptin and insulin plasma levels (Rodrìguez-De Fonseca et al., 2001). 

The pro-satiety effect evoked by systemic OEA administration is associated to the induction of c-fos 

transcription in key brain areas involved in the control of food intake, such as the nucleus of the solitary tract 

(NST) and the hypothalamic tuberomammillary (TMN), paraventricular (PVN) and supraoptic nuclei (SON) 

(Romano et al., 2015). In these areas, different neuronal pathways seem to be involved and they include 

oxytocinergic, noradrenergic, and histaminergic neurons (Romano et al., 2015).  
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OEA’s mechanism of action might also involve the activation of vagal fibers, as suggested by the observation 

that its effect after i.p. administration is blunted in rats subjected to a complete subdiaphragmatic vagotomy 

or to a pre-treatment with a neurotoxic dose of capsaicin, which destroys vagal and non-vagal unmyelinated 

afferent nerve fibres (Fu et al., 2003). These observations, together with the finding that OEA does not reduce 

food intake when administered by intracerebroventricular infusion in rats (Rodrìguez-De Fonseca et al., 

2001), suggest that its mechanism of action could be peripheral rather than central, and that the activation 

of both brainstem and hypothalamic areas might be indirectly mediated by ascending fibers. However, it has 

been recently shown that OEA does not require intact intestinal vagal afferents to reduce food intake, as 

observed in rats that underwent a selective subdiaphragmatic vagal deafferentation, a surgery that removes 

all abdominal vagal afferents, but sparing approximately half of the efferent (Azari et al., 2014). These 

findings did not seem to support the hypothesis of a strictly peripheral mechanism and suggest that the 

blockade of OEA’s effects by total subdiaphragmatic vagotomy may be due to the absence of efferent rather 

than afferent innervation. 

Whether OEA signal can directly or indirectly reach the brain remained to be fully elucidated. Although 

systemically or orally administered OEA quickly reaches the bloodstream (Gaetani et al., 2003; Oveisi et al., 

2004), indirect evidence suggests that it does not readily permeate the whole CNS, presumably owing to the 

high expression of its degrading enzyme, fatty acid amide hydrolase, in the blood brain barrier (BBB) 

(Egertovà et al., 2000). However, these findings do not necessarily exclude a possible action mediated by the 

circumventricular organs such as the area postrema (AP) in the brainstem and the median eminence (ME) in 

the periventricular area of the hypothalamus. In fact, it has been reported that peripheral OEA induces a 

significant increase of Fos expression in the AP and in the subpostremal nucleus of the NST, suggesting a cell 

activation in these areas (Romano et al., 2014). 

The AP and the ME lack a functional BBB by virtue of the lack of tight junctions and the presence of 

fenestrated capillaries, therefore circulating peptides and other peripheral signals can gain direct access to 

neurons of the AP and ME. In fact, a recent study conducted in animals that underwent the surgical ablation 

of the AP (APX surgery) (Romano et al., 2017), demonstrated the crucial role of this brain area in mediating 

OEA’s effects. In particular, it has been found that the AP ablation completely prevented OEA’s both 

behavioral and neurochemical effects. 

Furthermore, our preliminary experiments allowed us to observe, for the first time, an abundant expression 

of PPAR-alpha receptor within the NST and the AP (Romano et al., 2017), leading us to hypothesize that a 

possible molecular target directly activated by OEA in the AP or other circumventricular organs might be 

PPAR-alpha receptor.  

Based on this background, in order to fully elucidate whether systemically administered OEA might directly 

reach and permeate the brain parenchyma through circumventricular organs devoid of a functional BBB, such 

as the AP and the ME, male Wistar rats were subjected to OEA acute administration and OEA and other fatty 

acid ethanolamides will be quantified in the brain.  

All animals were housed in acrylic cages under a 12:12 dark-light cycle in a climate-controlled room (22 ± 2°C 

and 60% relative humidity) and received ad libitum standard chow pellets and water.  

OEA was acutely administered (10 mg kg−1) by i.p. injection in a vehicle (veh) solution (2 ml kg−1) of 

saline/polyethylene glycol/Tween 80 (90/5/5, v/v/v). Animals only administered with veh were used as 

controls. Both veh and OEA solutions were freshly prepared on test day and administered about 10 minutes 

before dark onset, according to our previous studies (Rodrìguez-De Fonseca et al., 2001; Romano et al., 2017). 

After the injection, animals were sacrificed at the following time points: 2.5, 5, 15, 30 and 60 minutes. 

Food intake was recorded for both OEA and veh treated rats at all the time points considered. 

From these animals, blood samples were collected in glass tubes precoated with EDTA and immediately 

centrifuged at 4°C for plasma isolation. Brain areas of interest (NST, AP, dorsal and ventral hippocampus, 

periventricular area of the hypothalamus including the ME) were freshly collected and snap frozen in liquid 

nitrogen.  
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As expected, OEA significantly reduced food intake starting from 5 minutes after OEA administration and its 

hypophagic effect lasted until 60 minutes after treatment. 

All the tissues collected will be subjected to the lipid extraction procedure and the levels of fatty acid 

ethanolamides, including OEA, will be measured by high-performance liquid chromatography-mass 

spectrometry (HPLC-MS). 

For this purpose, during the previous months of my research period I developed a method for fatty acid 

ethanolamide extraction on test brain and peripheral tissues and plasma.  

This procedure consists of homogenize frozen tissues in 8 mL dichloromethane, in the presence of internal 

standards, and then extract by adding 4 mL of Methanol and 2 mL of water. Following vigorous mixing and 

sonication, the samples are centrifuged and the organic layer is recovered and dried under a stream of N2. 

The resulting lipid extracts are then purified by solid-phase extraction using silica and eluted with a mix of 

Hexan and 2-Propanol. 

The procedure was set, therefore in the following months I will proceed with the lipid extraction following 

HPLC-MS analysis in the above mentioned brain areas of interest and in the plasma.  
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