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The development of therapeutic strategies to modulate the mitochondrial function is a great scientific 

challenge, since mitochondrial dysfunction is a common pathological hallmark of many chronic 

diseases, including degenerative brain pathologies like Parkinson's disease (PD) and Alzheimer’s 

diseases. In the present work, this challenge is addressed with a multi-functional nanophytosomes 

formulation, assembling, in aqueous medium, algae membrane polar lipids obtained from Codium 

tomentosum and elderberry anthocyanin-enriched extract from Sambucus nigra. The algae polar lipids 

exhibit a distinctive composition, containing betaine lipids (26% relative abundance) and 

phospholipids (74% relative abundance) with high degree of polyunsaturated fatty acids (PUFA) and 

n-3/n-6 PUFA ratio of 1.5±0.3. Anthocyanin-enriched extract is dominated cyanidin-glycosides 

(cyanidin-3-O-glucoside, cyanidin-3-O-sambubioside, cyanidin-3,5-O-di-glucoside, cyanidin-3-O-

sambubioside-5-O-glucoside, and quercetin-3-O-glucoside), which represent about 86% of their 

phenolic content. Nanophytosomes engineered with 600 µM algae membrane polar lipids and 0.25 

mg/L of elderberry polyphenols are nanosized vesicles (diameter =108.74 ± 24.74 nm) with a negative 

surface charge (Zeta potential = -46.93 ± 6.63 mV) that exhibit high stability during storage, at 4 ºC, 

for 14 days.  In vitro assays with neuronal SH-SY5Y cells showed that nanophytosomes have 

competence to overcome the cellular barriers and target mitochondria, as detected by effects on the 

activity of the mitochondrial respiratory chain complexes and by fluorescence microscopy. 

Additionally, nanophytosomes formulation protects SH-SY5Y cells against the toxicity induced by 

rotenone or by glutamate. These protective effects are linked with an improvement of the intracellular 

redox state (detected by an increased GSH/GSSG molar ratio) and with a reducing reactive oxygen 

species generation. The therapeutic efficacy of the oral administration of this nanophytosomes 

formulations is being tested in rat with PD-like pathology. Our preliminary results indicate that the 

nanophytosomes promote positive outcomes on the disabling motor symptoms as well as on other 

biochemical pathological hallmarks exhibited by PD animal model, suggesting that they have 

competence to reach the brain and improve the functionality of the brain cells. Therefore, elderberry 

anthocyanins-algae lipids nanophytosomes have potential to support new therapeutic approaches for 

neurodegenerative diseases. 
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