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Low oral bioavailability of many nutraceuticals greatly limits their efficacy as health-promoting agents. However, the oral bioavailability of lipophilic nutraceuticals could be enhanced by lipid nanoparticle-based delivery systems. These triglyceride-based lipid nanoparticles are dissembled in the gastrointestinal tract to form mixed micelles that are then reassembled into chylomicrons within enterocytes and secreted into the lymph. In this study, we examined the influence of triglyceride-based lipid nanoparticles on the properties of mixed micelles and chylomicrons, and on the bioavailability of a highly lipophilic nutraceutical 5-demethylnobiletin (5-DN, a bioactive flavonoid found in citrus fruits). Utilizing a simulated digestion and intestinal absorption model in enterocytes, we found that medium chain triglyceride (MCT)-based delivery system produced much higher bioaccessibility of 5DN than long chain triglyceride (LCT)-based delivery system. However, due to much higher production of chylomicron induced by LCT-based system, the trans-enterocyte absorption of 5DN was much higher in the LCT-based system than the MCT-based system. Moreover, LCT-based system led to the lower metabolism of 5DN in the enterocytes, which retained its bioactivities. Further investigation on the effects of fatty acid composition of triglyceride revealed that there were distinct differences in the structural properties of chylomicrons formed depending on fatty acid unsaturation. Oleic acid (C18:1) was most effective at enhancing trans-enterocyte transport of 5-DN and led to the formation of the largest chylomicrons. Linoleic acid (C18:2) and linolenic acid (C18:3) also promoted 5-DN incorporation into chylomicrons, but they were less efficient than oleic acid. The metabolism of 5-DN within the enterocytes was greatly reduced when they were incorporated into chylomicrons, presumably because they were isolated from metabolic enzymes in the cytoplasm. These results have important implications in the rational design of lipid nanoparticle-based delivery systems to enhance health benefits of lipophilic nutraceuticals.

