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Abstract 

Biocompatible Nanocarriers for Enhanced Therapeutic 

Efficiency of an Antibacterial Drug 

The therapeutic efficacy of a locally applied drug depends mainly on its ability 

to penetrate and permeate the skin. Therefore, there is a continuous need to 

develop new drug delivery systems that can overcome the skin barrier (brick and 

mortar-like structure). Vesicular systems are among the most commonly used 

systems to achieve such purpose. The use of nanocarriers such as penetration 

enhancer nanovesicles, proniosomes, and proniosomal gels are examples of 

formulation techniques that have shown enhanced  dermal delivery of drugs.  

Levofloxacin is a third generation member of fluoroquinolones with potent 

antibacterial effect and broad spectrum of activity against different types of 

bacterial strains. It is the first choice for treatment of many complicated infectious 

diseases. Also, it can effectively be used in attacking resistant strains causing 

complicated urinary tract infections involving inflammation of prostate gland, 

polynephritis and skin, and soft tissue infection. 

Therefore, the aim of the study is to formulate and evaluate biocompatible 

nanocarrier systems loaded with levofloxacin for dermal drug delivery such as 

penetration enhancer nanovesicles and proniosomal gels loaded with levofloxacin 

followed by an assessment of the selected optimized formulations aiming to 

enhance its therapeutic effect and to increase the patient adherence to drug therapy 

with minimum side effects. 

In the first chapter of work, penetration enhancer nanovesicles loaded with 

levofloxacin were prepared using the film hydration method. Five different 

hydrophilic and lipophilic penetration enhancers were selected and used to 
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formulate levofloxacin-loaded penetration enhancer containing vesicles namely: 

polyethylene glycol 400, propylene glycol, limonene, transcutol, and cineole. The 

concentration of the pentration enhancers were studied as a variable affecting 

different formulation characteristics. The prepared penetration enhancer 

nanovesicles loaded with levofloxacin were characterized  in terms of the particle 

size , polydisperity index, zeta potentail , entrapment efficiency , in vitro release 

and ex-vivo permeation.  Limonene (L1-LV) pentration enhancer nanovesicles 

displayed the smallest particle size among the other formulations.The 

lipophillicity and the hydrophillicity of the penetration enhancers greatly affect 

the entrapment effciency values. Polyethylene glycol (PEG3-LV) pentration 

enhancer nanovesicles  displayed the highest entrapment efficiency. The selected 

formulae for the ex-vivo permeation data were propylene glycol and transcutol 

penetration enhancer nanovesicles. It was found that maximum drug deposited in 

the skin was for transcutol PEVs (T3-LV) in comparison to propylene glycol 

PEVs (PG 2-LV).  

In the second chapter of work , coacervation phase separation method was used 

for the preparation of proniosomal gels. The proniosomal gels were prepared 

utilizing safe and convenient different non-ionic surfactants like spans and tweens 

assembled with measured quantities of cholesterol and lecithin. The effects of 

concentration of non-ionic surfactants, cholesterol, and lecithin were studied. The 

observed depandent variables were the particle size, polydisperity index, zeta 

potential, entrapment efficiency, in vitro release, and ex vivo permeation. Span 20 

proniomal gel formulation had the smallest vesicle size. Proniosomal gel 

formulation loaded with span 20  exhibited the highest encapsulation efficiency in 

comparison to others prepared by tween. Levofloxacin proniosomal gels showed 
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relatively high permeation on the basis that non-ionic surfactant present in these 

formulation acts as permeation enhancers. Span 80 based formulations exhibited a 

higher percentage of drug permeation and deposition across various skin layers 

after 6 hours as compared to tween 80. 

To conclude, the dermal application of the investigated penetration enhancer 

nanovesicles and proniosomal gel formulations showed promising results as 

successful nanocarriers for levofloxacin. 
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