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Abstract 

Bacteria associated infections are one 

of the growing global concerns for 

human health care management. 

Different treatment strategies to 

combat such problems are of at most 

importance. The emergence of 

nanoemulsion based therapy has 

potential role in the eradication of bacterial infestation. In this research work, we detailed the 

synthesis and functionalization of an essential oil based nanoemulsion (NE) with cationic metal 

nanoparticles (CNP) for the treatment against Staphylococcus aureus infection. The NE was 

functionalized with CNP to form cationic nanoparticles conjugated nanoemulsion. (designated as 

NECNP). NECNP was further characterized by UV-Vis spectroscopy, FTIR spectroscopy, Atomic 

Force microscopy (AFM), field emission scanning electron microscopy (FESEM), high resolution 

transmission electron microscopy (HRTEM), nuclear magnetic resonance (NMR), dynamic light 

scattering (DLS) and ζ-potential analysis. NECNP exhibited magnified antibacterial efficacy as 

compared to their individual constituents due to the synergistic activity of NE and CNP. There was 

5 log reduction in the bacterial cells following the treatment with NECNP. The strong bactericidal 

efficacy by NECNP was due to the cell membrane lipid solubilization mode of action. The 

negatively charged bacterial cell membrane following contact with positively charged NECNP led 

to the membrane depolarization, causing lipid solubilization, membrane damage and finally cell 

death. The penetration of NECNP into the cellular cytoplasm leads to the release of its intracellular 

proteins and nucleic acid into the extracellular region. The fluorescence and confocal microscopic 

images of the bacterial cells following the treatment with NECNP exhibited the membrane 



depolarization, membrane lipid solubilization, an effective bactericidal property for S. aureus. 

NECNP also possesses least in-vitro cytotoxicity to the fibroblast cell line (L929) and human red 

blood cells. Further the ex-vivo study on porcine skin also supported the in –vitro antibacterial 

potency of NECNP. The procured results stipulated the potential utilization of the as synthesized 

NECNP constructing them as a promising candidate for the bactericidal therapeutics. 
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