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ABSTRACT

Background: Wound healing and tissue regeneration remain major clinical
challenges, particularly in chronic conditions such as diabetes, where impaired
angiogenesis leads to delayed recovery. This study aimed to evaluate the potential
of a nanocomposite composed of silver-incorporated carbon quantum dots (Ag-
CQDs) to promote wound healing.

Methods: A novel bioactive wound dressing was developed by synthesizing Ag-
CQDs through the hydrothermal method, followed by ionic crosslinking with Ag*
ions, and incorporating them into electrospun polycaprolactone (PCL) scaffolds.
The biological effects of the nanocomposite were assessed through both in vitro
and in vivo experiments.

Results: Structural and surface characterization confirmed the successful synthesis
and modification of the quantum dots. In vitro scratch assays using PC12 cells
demonstrated a significant enhancement in cell migration after Ag-CQD treatment.
In vivo studies in a mouse wound model revealed accelerated healing and tissue
regeneration, characterized by enhanced epithelialization and collagen deposition
in the Ag-CQD-treated groups compared with controls.

Conclusion: The Ag-CQD nanocomposite significantly accelerated wound healing
and tissue regeneration in both in vitro and in vivo models, highlighting its
potential as a promising wound dressing material.
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Extended Abstract

Background: Wound healing and tissue
regeneration  remain major  biomedical
challenges, particularly in chronic diseases such
as diabetes, where impaired angiogenesis and
delayed re-epithelialization hinder the repair
process. In recent years, nanotechnology-based
biomaterials have received significant attention
due to their tunable physicochemical properties
and ability to actively promote tissue recovery.
Among them, carbon quantum dots (CQDs)
have emerged as biocompatible and photostable
nanomaterials capable of enhancing cell
proliferation, migration, and signaling. Silver
(Ag) nanoparticles, on the other hand, are well
known for their antimicrobial and regenerative
properties. The present study aimed to
synthesize, characterize, and evaluate a novel
nanocomposite composed of silver-
functionalized carbon quantum dots (Ag—
CQDs) embedded in polycaprolactone (PCL)
electrospun scaffolds for accelerating wound
healing and tissue regeneration through in vitro
and in vivo experiments.

Methods: Carbon quantum dots were
synthesized using a hydrothermal method and
subsequently functionalized with silver ions
through charge-induced ionic bonding, forming
Ag-CQD nanocomposites. The resulting
materials were comprehensively characterized
using Fourier-transform infrared spectroscopy
(FT-IR) to identify functional groups,
ultraviolet—visible (UV—Vis) spectrophotometry
to evaluate optical properties,
photoluminescence (PL) analysis to assess
emission behavior, dynamic light scattering
(DLS) for particle size distribution, and
electrophoresis to determine surface charge and
colloidal stability. The Ag—-CQDs were then
incorporated into polycaprolactone (PCL)
nanofibrous scaffolds via electrospinning using
a Nanofiber Technology System (Fanavaran
Nanomeghyas, Iran) to fabricate bioactive
wound dressings. For the biological evaluation,
both in vitro and in vivo assays were conducted.
In vitro experiments were performed using
PC12  neuronal-like cells to  assess
cytocompatibility and cell motility. The scratch
wound assay was employed as a quantitative
indicator of cell migration, comparing Ag—
CQD-treated groups with control and AgNO3-

treated groups. In vivo wound healing studies
were carried out using Wistar rats with full-
thickness excisional wounds. Histological
analyses, including hematoxylin and eosin
(H&E) staining and Masson’s trichrome
staining, were performed to evaluate
epithelialization, collagen deposition, and tissue
regeneration across different treatment groups.

Results: The physicochemical characterization
confirmed the successful synthesis of Ag—
CQDs, with uniform particle size distribution
and surface functionalization ensuring excellent
dispersion and stability. FT-IR spectra revealed
characteristic peaks corresponding to surface
groups associated with both CQDs and Ag-O
bonds, indicating successful silver integration.
PL spectra demonstrated strong and stable
fluorescence, confirming the preservation of
optical properties after silver incorporation.
DLS and electrophoretic analyses showed
nanoscale dimensions with negative surface
charge, favoring stability and cellular
interaction. In vitro scratch assays revealed a
significant increase in PC12 cell migration in
Ag—CQD-treated groups compared to controls
(p<0.0001). This result suggests that the
nanocomposite not only provides a supportive
matrix but also actively stimulates cell motility-
an essential step in wound closure.
Furthermore, no cytotoxic effects were
observed at the concentrations tested,
confirming the biocompatibility of the
composite. In vivo experiments demonstrated a
pronounced acceleration in wound closure and
tissue regeneration in rats treated with Ag—
CQD/PCL dressings. Macroscopic evaluation
showed faster wound contraction, and
histological staining confirmed enhanced
epithelialization, increased fibroblast
proliferation, and denser collagen fiber
deposition compared with control and scaffold-
only groups. In particular, Masson’s trichrome
analysis revealed greater collagen maturation
and alignment, indicating advanced tissue
remodeling in the Ag—CQD-treated wounds .

The overall healing process was significantly
faster in the Ag—-CQD group, supporting the
hypothesis that silver-functionalized CQDs can
synergistically promote cellular activities
essential for wound repair. The enhanced
healing may be attributed to several factors: (i)
the sustained release of Ag® ions providing


https://jarums.arums.ac.ir/article-1-2535-fa.html

[ Downloaded from jarums.arums.ac.ir on 2025-12-27 ]

350 Afshin T, et al.

antimicrobial protection and modulating
inflammatory responses; (ii) the inherent
antioxidant and biocompatible properties of
CQDs reducing oxidative stress; and (iii) the
favorable nanoscale topography of the
electrospun PCL scaffold supporting cellular
adhesion and migration.

Conclusion: The findings of this study
demonstrate that the integration of Ag—CQDs
into electrospun PCL scaffolds yields a
multifunctional bioactive wound dressing with
promising regenerative potential. Both in vitro
and in vivo results confirmed that Ag—CQD
nanocomposites significantly enhanced cell
migration, collagen synthesis, and re-
epithelialization = compared with  control

samples. The combined properties of silver ions
and carbon quantum dots contribute
synergistically to the acceleration of wound
healing by promoting cellular proliferation and
angiogenic signaling while simultaneously
preventing microbial infection. These results
highlight the potential of Ag—CQD-based
scaffolds as next-generation bioactive wound
dressings for rapid tissue regeneration,
particularly in chronic or infection-prone
wounds such as diabetic ulcers. Further studies
are recommended to explore the long-term
biocompatibility, molecular signaling pathways
involved in angiogenesis, and potential clinical
translation of this nanocomposite system.
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