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Androgenetic alopecia, the most common form of hair loss, is strongly associated with oxidative stress 

and alterations of the perifollicular microenvironment that impair follicle regeneration. While traditionally 

approached from hormonal and genetic perspectives, the perifollicular niche itself is often overlooked in 

therapeutic design. However, increasing evidence highlights the central role of this microenvironment in 

regulating hair growth, through oxidative balance, vascular support, immune cell activity, and 

extracellular matrix signalling. Precision therapies capable of reaching and remaining within this niche 

are therefore critically needed, as current topical and systemic treatments lack targeted delivery and 

show limited local retention. Here, we developed a biomimetic drug delivery platform combining platelet-

camouflaged, resveratrol-loaded nanoparticles (RSV-NPs) with hollow 3D-printed microneedles (HMNs) 

for localized intradermal administration. The self-administered HMNs feature tunable lengths (1 mm and 

1.5 mm), enabling controlled, depth-specific delivery. Mechanical characterization confirmed safe 

insertion, and histological analysis demonstrated penetration into the dermis and dermis-hypodermis 

interface, enhancing local retention of RSV-NPs within the skin layers. Platelet membrane cloaking 

increased nanoparticle size consistent with bilayer coating and preserved key membrane proteins, 

including CD42b (adhesion-related) and CD47 (immune evasion marker), supporting local retention and 
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reduced phagocytic clearance. Importantly, hair follicle elongation assays showed that this biomimetic 

NPs significantly enhanced hair shaft growth compared to control. This integrated nanotechnology-

microneedle approach offers a targeted, minimally invasive strategy for localized antioxidant therapy in 

hair regeneration. 
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