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This study aims to investigate the characteristics of liposomes that facilitate effective intradermal penetration by focusing on their surface charge and structural flexibility. Liposomes with various surface charges and structures—DOPC/Cholesterol-based cationic, neutral, and anionic liposomes and DOPE/Cholesteryl hemisuccinate (CHEMS) liposomes—were prepared using the Bangham method. It was confirmed that liposomes with target charges could be prepared with the lipid composition proposed in this study. Additionally, the flexibility of these liposomes was evaluated by measuring their membrane permeation time using an extruder; DOPE/CHEMS liposomes were confirmed to be flexible and of deformable structure. Next, the effect of surface charge and flexibility on intracellular uptake ability, flexibility, cytotoxicity, skin irritation, and intradermal penetration were evaluated. Intradermal penetration of liposomes in mice skin was affected by surface charge and flexibility. Cationic liposomes are suitable from the viewpoint of surface charge and showed the highest skin permeability, followed by anionic and neutral liposomes, respectively. However, cationic liposomes were observed to damage the skin and cause cytotoxicity. In contrast, the anionic flexible DOPE/CHEMS liposomes showed high intracellular uptake and intradermal penetration capacity and did not induce skin irritation; they were both efficacious as well as safe. Therefore, it is cleard that the combination of negative surface charges and flexible structure is required for effective dermal drug delivery using liposomes.
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