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Cystic fibrosis is an autosomal recessive disease. The disease is caused by mutations in a single gene of chromosome 7, which encodes the cystic fibrosis transmembrane regulator gene. These mutations lead to series of cellular dysfunctions and resulting in a generalized dysfunction of exocrine glands. Although many organs are affected in cystic fibrosis patients, pulmonary disease is the major cause of morbidity and virtually all mortality due to bacterial infection with Pseudomonas (P) aeruginosa. This bacterium exhibits a number of resistant mechanisms including enzymatic inactivation of antibiotics, alterations of the target sites of antimicrobial agents, antibiotic efflux systems, and reductions in cell wall membrane permeability. Reductions in outer-membrane permeability, however, are the major contributing factor to antibiotic resistance in P. aeruginosa. We sought to develop and characterize liposomal antibiotics in an effort to improve antibacterial activities of encapsulated drugs against resistant strains of P. aeruginosa isolated from cystic fibrosis patients. We have developed a modified dehydration/rehydration (DRV) technique to produce small but stable vesicles with high yield drug entrapment. Encapsulation of aminoglycoside antibiotics into these liposomes significantly increased the antibacterial activity of these agents against strains of P. aeruginosa. Furthermore, liposomal antibiotics were significantly more effective in killing bacteria than the corresponding free drugs even at lower concentrations. We investigated the mechanism of enhanced activity of liposomal antibiotics as well. Electron microscopy indicated bacterial membrane deformation and fusion with liposomes. The fusion of liposomes with bacterial membrane was further confirmed by flow cytometry and lipid mixing assays. The degree of fusion between liposomes and bacterial membranes increased as a function of incubation time until a maximum fusion rate was reached. The fusion between liposomes and P. aeruginosa resulted in significantly increased amount of antibiotic penetration inside the bacterial cells as demonstrated by immunocytochemistry studies. In conclusion, the modified DRV technique developed may be utilized to overcome the low encapsulation efficiency associated with aminoglycoside antibiotics. Furthermore, the fusion between the liposomes and the bacterial membranes facilitates antibiotics access inside the bacterial cells. Hence, liposome-entrapped antibiotics could overcome the drug resistance phenomenon associated with bacterial outer-membrane permeability.

