
I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                           International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 5, Issue 5, November 2025 

 Copyright to IJARSCT DOI: 10.48175/IJARSCT-30097   766 

www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 7.67 

 

Advances in Novel Delivery Systems for Minoxidil: 

Enhancing Efficacy and Safety in Alopecia 

Management 
Aayush P. Zanjad and Miss. Jagruti R. Salve 

Sahakar Maharshi Kisanrao Varal Patil College of Pharmacy, Nighoj   

 

Abstract: Androgenetic alopecia represents a prevalent medical condition affecting millions worldwide, 

with minoxidil serving as the cornerstone topical therapy despite significant limitations in conventional 

formulations. This comprehensive review examines recent advances in novel drug delivery systems 

designed to enhance minoxidil's therapeutic efficacy while minimizing safety concerns. Current topical 

minoxidil formulations suffer from poor skin penetration, limited follicular targeting, frequent dosing 

requirements, and adverse effects including scalp irritation and systemic absorption. Through systematic 

analysis of emerging delivery technologies, this review highlights seven primary innovative approaches: 

nanostructured lipid carriers (NLCs), oleic acid nanovesicles, liposomal systems, dissolving 

microneedles, ionic liquids, microsponges, and specialized nanoparticle formulations. These novel 

systems demonstrate substantial improvements in drug loading capacity (up to 86% entrapment 

efficiency), enhanced follicular targeting (10-fold increase), reduced systemic exposure, and superior 

patient compliance through decreased application frequency. The integration of nanotechnology with 

minoxidil delivery addresses fundamental barriers of stratum corneum penetration and enables precise 

targeting of hair follicle structures, particularly the dermal papilla where therapeutic action occurs. 

Clinical evidence indicates these advanced delivery systems can achieve comparable or superior efficacy 

at lower drug concentrations, potentially reducing adverse effects while improving treatment outcomes. 

This review provides critical insights into the mechanisms, advantages, and clinical potential of these 

emerging technologies, establishing a foundation for next-generation alopecia therapeutics. 
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