Molecularly PEG-decorated lipid microparticles: An intravaginal drug delivery platform for localized treatment of vulvovaginal candidiasis (VVC)
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ABSTRACT

Statement of problems: The use of miconazole nitrate (MN) in the treatment of vulvovaginal candidiasis (VVC) is limited by the inability to effectively treat deep-seated VVC with conventional topical formulations. In this study, the potential of intravaginal solid lipid microparticles (SLMs) based on PEG-conjugated lipid for enhanced antimycotic activity of MN against Candida albicans was investigated. Methodology: Lipid matrices (LMs) consisting of Softisan® 154 and super-refined sunseed oil with or without polyethylene glycol (PEG) 4000 were prepared by fusion, characterized and employed to formulate SLMs containing MN by melt-homogenization. The SLMs were characterized in terms of yield, encapsulation efficiency (EE%), loading capacity (LC), scanning electron microscopy (SEM), in vitro drug permeation in simulated vaginal fluid (SVF, pH 4.2), anti-candidal activity against high vaginal swab (HVS) of C. albicans and stability. Further, optimized MN-loaded SLM was evaluated for tolerability by vaginal tolerance test (VTT) in female rabbits. Findings: The thermograms revealed the crystalline nature of Softisan® 154, PEG 4000 and MN and also confirmed the amorphous nature of the LMs and the LMs containing MN. Spherical discrete microparticles with mean diameters suitable for vaginal drug delivery were obtained. The formulations exhibited good physicochemical properties and, at highest concentrations of MN (3.0 %w/w) and PEG 4000 (4 % w/w), gave EE% of 83.33 – 88.05 % and significantly (p < 0.05) higher in vitro permeation and faster and more powerful fungicidal activity than commercial formulation (Fungusol®). The VTT result which gave significantly (p < 0.05) lower irritation scores than standard known irritant (sodium lauryl sulphate) indicated that the optimized vaginal SLM is safe. Conclusions: This study has shown that MN-loaded SLMs based on PEG-conjugated lipid could be exploited as alternative intravaginal anticandidal drug delivery platform for improved localized MN action in the vagina, thus providing a better option to deal with deep-seated VVC.
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Fig. 1. Time-kill assay results for optimized miconazole nitrate-loaded SLMs.

Key: AM3 is optimized non-PEGylated SLMs containing 3.0 %w/w of miconazole nitrate, BM3 – DM3 are PEGylated SLMs containing increasing concentrations (1.0, 2.0 and 4.0 %w/w)  of  PEG 4000 respectively and 3.0 %w/w of miconazole nitrate, Fungusol® is commercial miconazole nitrate-containing topical lotion, Plain SLM means unloaded SLM while MN pure sample is pure miconazole nitrate powder. * Significant at p ≤ 0.05.
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