[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.61186/jarums.24.3.333 ]

Journal of Ardabil University of Medical Sciences

Vol. 24, No. 3, Autumn 2024, Pages: 333-348

Original article

Synthesis and Characterization of Polycaprolactone Scaffolds
Containing Carbon Quantum Dots Nanoparticles for Tissue

Engineering Applications

Faranak Hasanpour 1, Saber Zahri 1*, Arash Abdolmaleki 2, Asadolah Asadi !

1. Department of Biology, Faculty of Science, University of Mohaghegh Ardabili, Ardabil, Iran
2. Department of Biophysics, Faculty of Advanced Technologies, University of Mohaghegh Ardabili, Namin,

Iran.

* Corresponding author. Tel +984531505190, Fax: +984531505187, E-mail: zahri@uma.ac.ir

Article info

Article history:
Received: Oct 26, 2024
Accepted: Jan 6, 2025

Keywords:
Antioxidant
Biocompatibility
Synthetic Scaffold
Tissue Engineering

ABSTRACT

Background: Tissue engineering, by designing biological scaffolds and
imitating the extracellular environment, helps the growth and proliferation of
cells and plays a key role in replacing and repairing damaged tissues. In recent
years, the addition of nanoparticles, such as carbon quantum dots, to biological
scaffolds has received attention. In this research, the synthesis of
polycaprolactone scaffolds containing carbon quantum dots and the
investigation of biocompatibility effects and their protection have been
discussed.

Methods: Carbon quantum dots were synthesized using the pyrolysis method,
and polymer scaffolds containing carbon quantum dots were prepared by the
electrospinning method. The physical and chemical properties of the scaffold
were evaluated by scanning electron microscopy and FTIR spectroscopy. The
scaffolds' biocompatibility and antioxidant properties were measured by the
MTT method.

Results: Examination of the morphology and chemical showed the appropriate
porosity of the scaffold containing carbon quantum dots. The MTT assay
significantly enhanced stem cell viability on scaffolds incorporating carbon
quantum dots. Furthermore, these scaffolds exhibited a significant protective
effect against oxidative stress.

Conclusion: This study showed that the polycaprolactone scaffold containing
carbon quantum dots, with high biocompatibility and suitable antioxidant
properties, provides an effective substrate for tissue engineering and cell
protection under oxidative stress conditions.
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Extended Abstract

Background: Tissue engineering relies
heavily on scaffolds that mimic the
extracellular matrix. Designing a scaffold with
appropriate mechanical properties is a
fundamental criterion in tissue engineering
applications  because cell adhesion,
proliferation, and differentiation depend
highly on the scaffold's mechanical properties.
A scaffold designed for perfect cell-scaffold
interaction should have characteristics such as
(1) high porosity with an interconnected pore
structure, (2) a large surface area, (3) suitable
mechanical strength, (4) high
biocompatibility, and (5) biodegradability.
Electrospinning is a versatile technique to
fabricate nanofibrous scaffolds that mimic the
extracellular matrix and increase the available
surface area to support cellular attachment.
Although synthetic polymers such as
polycaprolactone are biocompatible and
biodegradable, they cannot fully support cell
adhesion  because they are usually
hydrophobic and lack the necessary cell
recognition sites. Adding nanoparticles to the
structure of synthetic polymers increases cell
adhesion and viability and has the least
toxicity. Among various nanoparticles, CQDs
have unique properties such as excellent
biocompatibility, tunable optical properties,
and antioxidant activity. They are considered
one of the most efficient nanoparticles to add
to scaffolds. CQDs can provide additional
functional groups. Increase the available
surface and potentially release bioactive
molecules; as a result, they are favorable
nanoparticles for cell growth and tissue
regeneration.

Methods: Carbon quantum dots were
synthesized using the pyrolysis method in a
900W microwave. After synthesis, the
resulting solution was centrifuged and filtered
to obtain a pure CQD solution. Nanoparticles
obtained with polycaprolactone dissolved in
ultrasound. The resulting solution was then
subjected to electrospinning, which involves
applying high voltage to the polymer solution
to produce nanofibers. Scaffold morphology,
pore size distribution, and functional group

analysis were characterized using scanning
electron microscopy (SEM) with Imagel
analysis and Fourier transform infrared
spectroscopy  (FTIR), respectively. Cell
viability and biocompatibility of the scaffolds
were assessed using the Dimethyl sulfoxide
(DMSO), 3-(4, 5-dimethylthiazol-2-yl) - 2, 5-
diphenyl tetrazolium bromide (MTT) assay at
specific time intervals after cell seeding.
Oxidative stress factors such as high-
concentration glucose, hydrogen peroxide,
and X-rays were used to measure CQD-
containing  scaffolds’  protective  and
antioxidant ability compared to
polycaprolactone scaffolds and cell control
samples without scaffolds. Cell viability under
oxidative stress conditions was evaluated
using MTT analysis.

Results: The chemical composition and
morphology of the scaffolds were investigated
in the following way .The shape and structure
of the pores of the electrospun scaffolds were
investigated wusing a scanning electron
microscope (SEM). A distinct nanofibrous
structure with associated pores was visible in
SEM images, which is essential for nutrient
exchange and cell penetration. Using Imagel
software, the pore size distribution was
analyzed and found suitable for cell
development and proliferation. The chemical
composition of the  scaffolds was
characterized using Fourier transform infrared
(FTIR) spectroscopy. Functional groups of
carbon quantum dots (CQD) and
polycaprolactone (PCL) were shown by
distinct peaks in the FTIR spectrum. The
successful incorporation of CQDs into the
PCL matrix was demonstrated by confirming
the presence of carboxyl (COOH) groups.
These functional groups are essential for the
antioxidant quality of the scaffold.

The biocompatibility of scaffolds was
evaluated using the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT)
method. This colorimetric method measures
cell viability by quantifying the metabolic
activity of cells. Cells cultured on PCL
scaffolds containing CQDs showed higher
viability than those cultured on pure PCL
scaffolds or without scaffolds. This increase
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in cell proliferation and survival can be
attributed to the improvement of surface
properties, increase in cell adhesion, and
better attachment of cells on the scaffold due
to the presence of quantum dot carbon
nanoparticles. Cells cultured on different
scaffolds were exposed to oxidative stress
caused by various substances, such as high
concentrations of glucose, hydrogen peroxide,
and X-ray radiation, to evaluate the
antioxidant quality of the scaffolds. Once
again, the MTT assay assessed cell viability
under these oxidative conditions. Compared
with the control group, the results showed that
scaffolds containing CQDs significantly
protect cells against oxidative stress. The
antioxidant properties of CQDs, which
effectively scavenge reactive oxygen species
(ROS) produced during oxidative stress, are
responsible for this protective effect.

Conclusion: Carbon quantum dots (CQDs)
have emerged as promising nanomaterials for
various biomedical applications, including
tissue engineering. CQDs can be added to
synthetic scaffolds to improve their functional
characteristics and biocompatibility.

In this study, we successfully synthesized
CQDs and incorporated them into
polycaprolactone (PCL) scaffolds using the

electrospinning technique. The obtained
scaffolds show a nanofibrous structure with
interconnected pores, which provides an ideal
environment for cell growth and proliferation.
Cells were cultured on CQDs containing PCL
and pure PCL scaffolds to evaluate the
scaffolds' biocompatibility. The results
showed that CQDs significantly increased cell
viability and proliferation. This improvement
can be attributed to the synergistic effect of
the nanofibrous structure and CQD
bioactivity. In addition, CQDs protect cells
against oxidative stress caused by various
environmental factors due to their antioxidant
properties. The antioxidant effect is caused by
the presence of functional groups, such as
carboxyl groups, on the CQD surface.

The results of this study show how PCL
scaffolds combined with CQDs can be used in
tissue  engineering applications.  These
scaffolds, which combine the advantages of
nanofibrous scaffolds with the unique
properties of CQDs, provide a promising basis
for tissue regeneration and repair. Further
research is needed to determine the exact
processes for enhancing these scaffolds'
biocompatibility and antioxidant quality for
specific tissue engineering applications.
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