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Abstract In this study, dissolvable microneedle (MN) arrays based on polyvinyl alcohol (PVA) were designed,
fabricated, and evaluated for the controlled transdermal delivery of curcumin (Cur@MN). Fourier-Transform
Infrared Spectroscopy (FTIR) confirmed the incorporation of curcumin within the PVA matrix, as evidenced by
the presence of three characteristic peaks at 1510 cm™, 1603 cm™, and 1628 cm™. Optical and scanning electron
microscopy revealed uniformly arranged, conical microneedles with sharp tips (<15 pm). Mechanical testing
demonstrated successful penetration of five layers of Parafilm, indicating sufficient insertion strength for
transdermal application. Drug release and degradation studies were conducted in phosphate-buffered saline (PBS,
pH 7.4). The release profile exhibited an initial burst (60.31% within 12 hours), followed by sustained release up
to 72 hours, reaching a cumulative release of 82.5%. Degradation tests showed faster structural breakdown in
curcumin-loaded microneedles compared to unloaded ones. Furthermore, DPPH radical scavenging assays

confirmed the significant antioxidant activity of Cur@MN, particularly at higher concentrations. These findings
suggest that Cur@MN microneedles offer a promising, biocompatible platform for the transdermal delivery of

natural therapeutics such as curcumin.
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1. INTRODUCTION

Skin, the body’s largest protective barrier, offers an
ideal route for drug delivery by bypassing
gastrointestinal degradation and first-pass metabolism,
thereby enhancing therapeutic efficacy. Transdermal
delivery serves as a noninvasive alternative to oral and
subcutaneous administration, enabling direct entry into
the bloodstream without damaging deeper vascular or
neural structures. Among emerging technologies,
dissolvable microneedles fabricated from biocompatible
polymers such as polyvinyl alcohol create transient
microchannels in the stratum corneum and subsequently
dissolve to release encapsulated agents in a controlled
manner.

This platform overcomes the limitations of
conventional needles and passive transdermal systems,
such as restricted drug physicochemical properties and
patient compliance, by facilitating self-administration,
reducing medical waste, and permitting sustained release.
Here, we report a curcumin-loaded dissolving
microneedle patch designed to deliver the hydrophobic
bioactive through pH-responsive zinc-based
nanoparticles, offering on-demand, inflammation-
triggered release for the treatment of inflammatory skin
disorders.

2. MATERIALS AND METHODS
The materials used in this study were polyvinyl
alcohol (PVA, Mw 70 kDa; Merck, Germany), four-

times distilled deionized water (Sabalan, Iran), 25 %
(w/w) glutaraldehyde solution (Merck, Germany),
pharmaceutical-grade curcumin (Merck, Germany), and
a silicone PDMS microneedle mold (University of
Naples, Italy).

In this work, the fabricated dissolving microneedles
were systematically characterized to assess their
morphological, mechanical, and functional properties in
accordance with established protocols. Needle geometry
and surface texture were examined by Scanning Electron
Microscopy (SEM) to confirm uniformity and tip
sharpness. Mechanical strength was evaluated via
compression tests against Parafilm® and ex vivo skin to
ensure sufficient rigidity for reliable skin penetration
without buckling. Drug loading and encapsulation
efficiency were quantified by UV-Vis spectroscopy.

2.1. Polymeric solution preparation

Two polymeric solutions were prepared for
microneedle fabrication. The first comprised 10 % w/w
polyvinyl alcohol (PVA) with sucrose as a viscosity and
concentration modifier; the second was identical but
contained 0.5 % w/w pure curcumin. Briefly, 10 g of
PVA powder was dissolved in 100 mL deionized water
at 80 °C under magnetic stirring for 4 h. After complete
dissolution, 1 g of laboratory-grade sucrose (Merck,
Germany) was added and stirred for an additional hour
until the solution became clear and homogeneous. To
prepare the drug-loaded formulation, 0.5 g of
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pharmaceutical-grade curcumin was then incorporated
and the mixture was stirred at 4 °C in darkness for 24 h.
The resulting orange solution was stored at 4 °C until
further use.

2.2. Microfabrication of microneedle arrays

To fabricate both blank dissolving microneedles
(MN) and curcumin-loaded microneedles (Cur@MN),
500 uL of each pre-prepared polymer solution was cast
onto silicone PDMS molds (gifted by the University of
Naples, Italy), each containing a 16 x 16 array of conical
cavities (600 um height, 300 um base diameter) produced
by two-photon polymerization (Nanoscribe GmbH). To
remove entrapped air, molds were subjected to vacuum
(= 0.1 bar) for two cycles of 10 minutes each in a
desiccator. After demolding, the arrays were left to dry at
ambient temperature for 12 hours. Finally, microneedles
were carefully peeled from the molds, sealed in zip-lock
bags, and stored at 4 °C until further use.

3. Results and Discussion

FTIR (Figure 1) analysis confirmed the successful
incorporation of curcumin into the PVA microneedle
(MN) matrix without chemical degradation, as the
characteristic peaks of both polymer and drug were
preserved. SEM (Figure 2) and optical imaging (Figure
3) verified that the 16 x 16 MN arrays exhibited uniform
conical geometry with sharp tips (<15 um) and consistent
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Figure 1. FTIR spectra of microneedle arrays (MN), pure curcumin,
and curcumin-loaded microneedles (Cur@MN)

spacing, ensuring structural integrity and reliable
fabrication. Mechanical insertion tests using Parafilm®
(Figure 4) demonstrated that the arrays could penetrate
up to five layers (~635 um), consistent with the MN
height (600 um), indicating sufficient sharpness and
mechanical strength for skin penetration.

Degradation studies (Figure 5) showed similar water
uptake in both blank and curcumin-loaded MNs during
the first hour, confirming effective glutaraldehyde
crosslinking. However, Cur@MN exhibited faster
degradation beyond 1 hour, likely due to curcumin-
induced disruption of hydrogen bonding and polymer
network integrity. Drug release profiles (Figure 6)
revealed a biphasic pattern comprising an initial burst
phase within 12 hours, followed by sustained release up
to 72 hours suitable for rapid therapeutic onset and
prolonged delivery in inflammatory skin conditions.

DPPH assays (Figure 7) demonstrated concentration-
dependent antioxidant activity of Cur@MN,
outperforming free curcumin at higher doses due to
improved dispersion and solubility within the PVA
matrix. Overall, the Cur@MN system integrates efficient
drug loading, mechanical performance, controlled
degradation, and enhanced antioxidant functionality,
making it a promising platform for transdermal delivery
of natural therapeutics such as curcumin.

Figure 2. SEM images of curcumin-loaded microneedles (Cur@MN)

Figure 3. Optical microscopy images of curcumin-loaded microneedles (Cur@MN)
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Figure 4. (a, b) Parafilm images following 30 s of microneedle

penetration using the thumb; first and fifth layers (c) Schematic of the

Parafilm-based mechanical testing of the microneedles.
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Figure 6. Release kinetics of curcumin from Cur@MN microneedles

in PBS medium at the pH of 7.4

4. CONCLUSION

In this study, dissolvable microneedle arrays based on
polyvinyl alcohol (PVA) were developed and evaluated
as a novel and biocompatible platform for the
transdermal delivery of the natural drug curcumin.
Structural and microscopic analyses confirmed that the
fabricated microneedles possessed uniform geometry,
sharp tips, and sufficient mechanical strength for
effective skin penetration. In vitro drug release tests
under physiological conditions (PBS, pH 7.4) revealed a
biphasic release profile characterized by an initial burst
release within the first 12 hours, followed by sustained
release up to 72 hours. Structural degradation studies
indicated that curcumin loading accelerated the
breakdown of the microneedles. Furthermore,
antioxidant assays demonstrated that the curcumin-
loaded microneedles (Cur@MN) exhibited notable free
radical scavenging activity, supporting their therapeutic
potential, particularly for inflammatory skin conditions.
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