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Introduction: Wound healing is crucial for improving patients' quality of life, especially
in conditions like diabetes, burns, and surgical wounds. Fiber-based dressings with
antioxidant and antibacterial agents, natural polymers, and zeolite nanoparticles
accelerate healing and regeneration. The aim of this study was to design and fabricate
nanofiber scaffolds based on polyvinyl alcohol (PVA), chitosan, and tragacanth gum,
containing zeolite nanoparticles as wound dressings.

Materials & Methods: MT-type zeolite crystals with molecular dimensions and sizes
ranging from approximately 10 to 20 nm were synthesized via a low-temperature
hydrothermal method using colloidal precursors, without the need for organic templates.
The physical and structural properties of the synthesized nanoparticles, including Fourier-
transform infrared spectroscopy (FTIR) analysis, particle size distribution, and surface
zeta potential, were characterized. Subsequently, nanofibers based on polyvinyl alcohol
(PVA), chitosan (CS), and tragacanth gum (TG), incorporating the zeolite nanoparticles,
were fabricated through electrospinning. The nanofibers were thoroughly evaluated for
their physicochemical, structural, mechanical, cellular toxicity, antioxidant activity, and
antibacterial performance.

Results: The characterization tests demonstrated that the nanofiber wound dressings
containing zeolite nanoparticles exhibited superior properties compared to the control
group without nanoparticles. These nanofibers showed enhanced performance in terms of
morphology, fiber diameter, mechanical strength, swelling ratio, degradation rate,
porosity, antioxidant activity, cellular biocompatibility, and antibacterial efficacy.

Conclusion: The results of this study demonstrated that nanofibers composed of polyvinyl
alcohol (PVA), chitosan (CS), and tragacanth (TG) possess optimal physical and
biological properties, creating a suitable environment to accelerate the wound healing
process. The study suggests that the incorporation of EMT-type zeolite nanoparticles in
PVA/CSITG/EMT-ZIF nanofibers can enhance their antioxidant and antibacterial
properties, making them promising for biomedical engineering applications.
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Introduction

Wound healing is a dynamic and complex
biological process that requires the integration
of hemostasis, inflammation, cell proliferation,
and tissue remodeling. Delayed wound healing,
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commonly observed in patients with diabetes,

severe burns, and surgical wounds, often results

in prolonged hospitalization, infection, and

impaired quality of life (1). Conventional

dressings such as gauze primarily serve as

protective covers but fail to provide the
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biological cues necessary for tissue regeneration
(1). Modern wound dressings, in contrast, are
designed to actively participate in the healing
process by maintaining an optimal moisture
balance, preventing bacterial invasion,
promoting  angiogenesis, and supporting
extracellular matrix (ECM)-like structures (4).
Electro spun nanofibrous scaffolds are
particularly attractive due to their high surface
area, tunable porosity, and ability to mimic the
native ECM, thereby supporting cell adhesion,
proliferation, and differentiation (7). Natural
polymers such as polyvinyl alcohol (PVA),
chitosan (CS), and tragacanth gum (TG) are
especially promising candidates for biomedical
applications because of their biocompatibility,
biodegradability, and hydrophilic nature (11).
However, their functional performance can be
further enhanced through the incorporation of
bioactive nanoparticles. Zeolitic materials, in
particular EMT-type zeolite, possess unique
antioxidant and enzyme-mimicking
(nanozyme) properties capable of scavenging
reactive oxygen species (ROS) and alleviating
oxidative stress at the wound site (13). Thus, the
integration of EMT-type zeolite into
nanofibrous scaffolds holds promise for
developing multifunctional dressings with both
mechanical robustness and bioactivity.

Methods

In this study, EMT-type zeolite
nanocrystals (10-20 nm) were synthesized
using a low-temperature hydrothermal method
with colloidal precursors, eliminating the need
for organic templates (13). Structural and
physicochemical properties of the zeolite were
characterized using Fourier-transform infrared
spectroscopy (FTIR), dynamic light scattering
(DLS), and zeta potential analysis.
Subsequently, polymeric solutions of PVA, CS,
and TG were prepared and blended at optimized
ratios. EMT-type zeolite nanoparticles (5 wt%
relative to the polymer weight) were uniformly
dispersed in the polymer matrix, and nanofibers
were fabricated via electrospinning under
controlled parameters. The resulting scaffolds
were crosslinked using glutaraldehyde vapor to
enhance their stability. Comprehensive
characterization was performed, including
morphological analysis using scanning electron
microscopy (SEM), mechanical strength via
tensile testing, swelling and degradation assays,
porosity evaluation, hemocompatibility,
antioxidant ~ capacity = (DPPH assay),

antibacterial tests against E. coli and S. aureus,
and cytocompatibility —assessment  using
fibroblast cells through the MTT assay.

Results

SEM images revealed that neat
PVA/CS/TG nanofibers displayed smooth
surfaces and uniform diameters, while the
incorporation of EMT-zeolite led to increased
fiber diameters and rougher surfaces, indicating
strong polymer—nanoparticle interactions. FTIR
spectra confirmed the successful integration of
zeolite without significant alteration of the
polymer backbone, while DLS and zeta
potential analysis verified nanoparticle stability.
Mechanical  testing  demonstrated  that
PVA/CS/TG/EMT-ZIF nanofibers exhibited
significantly enhanced tensile strength and
modulus compared to control scaffolds, though
at the expense of reduced elongation at break.
Swelling studies showed rapid water uptake in
the first hour, with equilibrium values of ~86—
88%, while biodegradation analysis revealed
slower degradation in zeolite-containing
nanofibers (~78% mass loss over 21 days vs.
~97% in controls), suggesting improved
stability and durability. Porosity was markedly
higher in zeolite-incorporated scaffolds (~93%)
compared to neat fibers (~86%), favoring
nutrient  diffusion and cell infiltration.
Biological assays further confirmed the
functionality of the scaffolds.
Hemocompatibility studies showed <2%
hemolysis in all samples, meeting ASTM
standards. The DPPH assay indicated
significantly improved antioxidant activity in
PVA/CS/TG/IEMT-ZIF fibers (~25% radical
scavenging) compared to neat fibers (~7%),
confirming the contribution of zeolite
nanozymes. Cytocompatibility testing with
fibroblasts demonstrated >86% cell viability,
with zeolite-containing scaffolds supporting
favorable cell proliferation. Interestingly, while
antibacterial activity was limited in both neat
and zeolite-loaded nanofibers, results suggest
that further functionalization (e.g., antibiotic
conjugation) may be necessary for robust
antibacterial performance.

Conclusion

This study successfully demonstrated the
design, fabrication, and evaluation of
multifunctional nanofibrous wound dressings
composed of PVA, CS, and TG integrated with
EMT-type  zeolite  nanoparticles.  The
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incorporation of  zeolite enhanced the
physicochemical and mechanical stability of the
fibers, improved porosity, and significantly
increased antioxidant performance while
maintaining excellent hemocompatibility and
cytocompatibility. Although the antibacterial
effect was modest, the scaffolds’ antioxidant
activity and structural properties suggest their
strong potential for accelerating wound healing,
particularly — in  oxidative  stress-related
conditions such as diabetic ulcers and chronic
wounds. Overall, PVA/CS/ITG/EMT-ZIF
nanofibers represent a promising class of
bioactive wound dressings with multifunctional
therapeutic properties. Future studies may focus
on combining zeolite with additional
antimicrobial agents or bioactive molecules to
develop synergistic platforms for advanced
clinical wound management.
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