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Introduction: Palmitoylethanolamide (PEA) belongs to the family of non-endocannabinoid N-acylethanolamines (AEs) and is 
synthetized “on demand” from membrane phospholipids. Differently from endocannabinoids, PEA exerts its pharmacological 
activity via peroxisome proliferator activated receptor (PPAR)a, a master regulator of lipid homeostasis in liver and a driver of 
brown fat differentiation. Brown adipose tissue (BAT) is the main organ responsible for thermogenesis and energy expenditure 
through the activity of uncoupling protein (UCP)-1. The current study provides a first evidence regarding the potential role of 
PEA in promoting activation of BAT and stimulating white adipose tissue (WAT) browning in subcutaneous fat of mice HFD 
feeding.

Materials and methods: After 12weeks of HFD feeding, male C57Bl/6J mice were treated with PEA (30 mg/kg/die per os by 
gavage) for 8weeks. At the end of experimental period, mice were caged in an indirect open-circuit calorimeter to measure 
energy expenditure. Interscapular BAT (iBAT) was dissected and fixed for morphological analysis and subcutaneous white 
adipose tissue (sWAT) was collected for molecular determinations. Hematoxylin & Eosin, UCP1and tyroxine hydroxilase (TH) 
immunohistochemical staining of BAT paraffin-embedded sections were assessed. Real time PCR and Western Blot for UCP1, 
PGC1a and PRDM16were determined in sWAT. 

Results: PEA promoted VO2consumption and VCO2production, enhancing energy expenditure in HFD mice. H&E 
staining of iBAT from the HFD group showed a rearrangement of brown adipocyte lipid content, which mainly turned to a 
paucilocular phenotype. The increased multilocularity observed in HFD+PEA animals matched with an increased positivity 
for UCP1immunohistochemical staining. As known, iBAT morphology and function is sustained by an extended parenchymal 
sympathetic noradrenergic innervation. Therefore, we performed TH immunohistochemistry on iBAT sections to assess the 
effects of PEA on brown fat. Preliminary morphometric data showed an increased density of noradrenergic nerves in iBAT from 
HFD+PEA mice. On the other hand, PEA induced UCP1protein expression in sWAT, as well as an increased gene expression 
of thermogenic markers (i.e. Ucp1, Pgc1a, and Prdm16).

Discussion: The increase of energy expenditure and resting metabolic rate induced by PEA treatment mirrored the capability of 
treated mice to dissipate dietary energy as heat. Consistently, PEA group displayed morphological changes in iBAT compared 
to HFD mice, reflecting a recover of functional state of brown adipocytes. Brown adipocytes are uniquely provided of UCP1, a 
proton mitochondrial symporter that catalyzes the proton leak across mitochondrial membrane. However, it has been reported 
that upon determined conditions (i.e. cold exposure) UCP1+ cells could appear in other adipose tissue depots. These cells, called 
”beige” or “brite” adipocytes, can own overlapped function with brown adipocyte, even if they are characterized by different 
genetic pattern (i.e. Zic1). Thus, the increased protein expression of UCP1in subcutaneous depots and the consequently 
increased in gene expression of thermogenic marker, demonstrated the capability of PEA in modulating browning phenomenon.

Conclusion: Based on these data, we hypothesize that PEA is implicated in brown/beige adipocytes activation and in modulating 
adipose tissue function and homeostasis. Future studies are required to better understand the pathways by which PEA can 
promote brown/beige adipocyte function and development.


