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Capsaicin  (8-methyl-N-vanillyl-trans-6-nonenamide), a prominent bioactive
compound derived from chili peppers (Capsicum spp.), is well recognized for its potent
analgesic and anti-inflammatory properties. Although extensively utilized in traditional
medicine and approved for topical application in the treatment of various neuropathic
pain conditions, its clinical use remains limited due to poor aqueous solubility and the
potential for cutaneous irritation. Capsaicin exerts its therapeutic effects primarily
through activation and subsequent desensitization of transient receptor potential
vanilloid 1 (TRPV1) receptor on afferent C fibers, resulting in reduced nociceptive
transmission.

This study aimed to develop a capsaicin-loaded transdermal nanofiber patch
composed of polyvinyl alcohol (PVA) and polyvinylpyrrolidone (PVP) using the
electrospinning technique. Additionally, it investicated the drug release mechanism
and transdermal permeation behavior of the capsaicin-loaded nanofiber patch through
the Strat-M™ membrane. Capsaicin was incorporated into a hydrophilic polymer matrix
composed of polyvinyl alcohol (PVA) and polyvinylpyrrolidone (PVP) at a concentration
of 0.1 mg/mL. The electrospun fibers exhibited smooth, uniform, and bead-free
morphology, with an average diameter of 667 + 19.5 nm. Fourier-transform infrared
(FT-IR) spectroscopy confirmed successful encapsulation through hydrogen bonding
interactions, without evidence of chemical degradation.

In vitro cytocompatibility assays using human dermal fibroblasts (HDFs)
indicated enhanced cell viability at low concentrations (0.001-0.01 mg/mL), with an
ICsq of approximately 20 mg/mL, signifying a favorable safety profile. The patch
demonstrated marked anti-inflammatory effects, reducing cyclooxygenase-2 (COX-2),

gene expression by approximately 8.1-fold in H,O, induced inflamed HDFs.



Morphological assessments further corroborated its protective effects against oxidative
stress.
Transdermal permeation studies employing Franz diffusion cells and Strat-M™

membranes revealed sustained capsaicin release over a 12-hour period, with a

calculated steady-state flux (Jss) of 63.30 pug/cm?/hr. The permeability coefficient (Kp)
exhibited a time-dependent decline, with a peak of 0.77 cm/hr at 1 hour and
stabilization to quasi-steady state levels (~0.05-0.07 cm/hr) after 6 hours, aligning with
the principles of Fick’s First Law of Diffusion. FTIR imaging provided visual confirmation
of progressive capsaicin penetration into deeper membrane layers.

Collectively, the results underscore the potential of this capsaicin-loaded
nanofiber patch as a non-invasive, biocompatible, and sustained-release transdermal
system for localized pain management. The integration of FTIR mapping,
cytocompatibility, and gene expression analyses offers a robust framework for
evaluating formulation performance. Future in vivo investigations are warranted to
validate clinical applicability, address sensory tolerability, and explore large-scale
manufacturing potential. This delivery platform represents a promising advancement

in topical analgesic therapy, offering site-specific action with reduced systemic

exposure.
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