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1- Introduction

The skin, being the largest organ in the human body, plays a
crucial role in various activities and functions. It serves as a
protective barrier against pathogens, allows us to sense the
external environment, and helps regulate body temperature.
However, due to its elastic and delicate nature, the skin is
susceptible to developing wounds when exposed to constant
stress and strain. The human skin consists of three layers: the
epidermis, dermis, and hypodermis. Therefore, in order to
effectively repair damaged skin tissue, it is essential to create
a structure that closely resembles living skin tissue. This
structure should not only facilitate the healing process but
also ensure its biological safety. The tissue engineering
approach involves preparing a porous material as a scaffold
or extracellular matrix for cell growth, followed by the
application of growth factors. To prevent microbial invasion,
promote cell migration and infiltration, and facilitate tissue
ingrowth, it is necessary to design an alternative skin tissue
engineering scaffold that mimics the multi-layered structure
of the skin and possesses appropriate pores. In this study, a
two-layer scaffold was created using polycaprolactone
nanocomposite/zinc oxide nanoparticles through the solvent
casting/salt particle washing method. The top layer of this
scaffold is a chitosan membrane connected to the underlying
porous layers using sodium hydroxide as a cross-linking
agent.

2- Materials and methods

In this study, we aimed to create a three-layer scaffold that
mimics natural skin tissue and promotes faster wound
healing. To achieve this, we used a porous polymer
nanocomposite made of poly(g-caprolactone) and zinc oxide
nanoparticles. The nanoparticles were incorporated into the
scaffold at different concentrations (0%, 5%, 10%, and 15%)
using the solvent casting/salt leaching method. To complete

the scaffold, a third layer made of chitosan was added as an
external membrane. This layer was created by cross-linking
chitosan with sodium hydroxide. To analyze the properties
of the scaffolds, we conducted several tests. X-ray
diffraction (XRD) was used to examine the phase structure,
Fourier transform infrared spectroscopy (FTIR) was used to
analyze chemical functional groups, and scanning electron
microscopy (SEM) was used to observe the morphology of
the scaffolds. Additionally, the mechanical strength of the
scaffolds was evaluated by subjecting them to a compressive
strength test.

3- Results and discussion

Figure 1 displays the results of Fourier transform infrared
spectroscopic analysis regarding the composition of
polycaprolactone/zinc oxide nanoparticles/chitosan scaffold.
The analysis includes samples with varying weight
percentages of zinc oxide nanoparticles (zero, 5, 10, and
15%) after cross-linking with sodium hydroxide.
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Figure 1- FTIR spectra of polycaprolactone/zinc oxide
nanoparticles/chitosan scaffolds containing 0, 5, 10 and 15% by weight
of zinc oxide nanoparticles after cross-linking with sodium hydroxide.
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Figure 2 (a-d) exhibits scanning electron microscope
images of the polycaprolactone/zinc oxide nanoparticles
/chitosan nanocomposite scaffolds. These images depict
samples with different weight percentages of zinc oxide
nanoparticles (0, 5, 10, and 15%) after cross-linking with
sodium hydroxide. The images reveal that the structure of
these scaffolds is porous with open pores. Furthermore,
investigations have indicated that the rough walls of these
pores provide an ideal environment for tissue cell adhesion
and proliferation.
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Figure 2- SEM images of polycaprolactone/zinc oxide
nanoparticles/chitosan scaffolds containing a) 0, b) 5, ¢) 10 and d) 15%
by weight of zinc oxide nanoparticles after cross-linking with sodium
hydroxide.

Figure 3 demonstrates the impact of adding zinc oxide
nanoparticles and cross-linking of the composite samples on
the compressive strength of polycaprolactone/zinc oxide
nanoparticles/chitosan scaffolds. The figure includes
samples with varying weight percentages of zinc oxide
nanoparticles (zero, 5, 10, and 15%). It is evident that after
cross-linking with sodium hydroxide, the compressive
strength increases as the weight percentage of zinc oxide
nanoparticles reaches 5%.

6

o
1

IS
1

Compressive strength (MPa)
N w
L 1

0 5 10 15
ZnO (Wt%)

Figure 3- Changes in compressive strength of polycaprolactone/zinc
oxide nanoparticles/chitosan scaffolds containing zero, 5, 10, and 15%
by weight of zinc oxide nanoparticles after cross-linking with sodium
hydroxide.

4-  Conclusion

The results obtained indicated that the porosity of the
three-layered scaffolds exhibited a gradient behavior. The
scaffolds containing 5 wt.% zinc oxide nanoparticles and a
chitosan membrane with a cross-linking agent displayed
significantly greater structural integrity, morphological
cohesion, and compressive strength compared to the other
scaffolds that were prepared.
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Development of Polycaprolactone/zinc Oxide Nanoparticles/Chitosan Scaffolds for Skin
Tissue Engineering and Improving its Mechanical Properties

Fatemezahra Kasaeian Narges Johari

Abstract Skin, as the largest and one of the most vital organs of the human body, which is subject to damage more than
other tissues, consists of three main layers: epidermis, dermis, and hypodermis. Tissue engineering and biomaterials as
cell support can be used to regenerate the damaged parts of skin. In the present study, a three-layer scaffold was made
for biomimicking the native skin tissue and accelerating wound healing. Poly(e-caprolactone)/zinc oxide nanoparticles
as porous polymer nanocomposite containing 0, 5, 10 and 15 wt.% zinc oxide nanoparticles prepared in two layers
using solvent casting/salt leaching method. The third layer of chitosan as the external membrane was added by sodium
hydroxide cross-linking agent on the previous two layers. The phase structure, chemical functional group, and
morphology of the prepared scaffolds were investigated using X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FTIR), and scanning electron microscopy (SEM), respectively. To evaluate the mechanical properties,
the prepared scaffolds were subjected to compressive strength test. The obtained results showed that the porosity of the
three-layered scaffolds was partially changed in a gradient behavior. The structural integrity, morphological cohesion,
and compressive strength of the scaffolds with 5 wt.% zinc oxide nanoparticles in which the cross-linking agent was
used to add the chitosan membrane were significantly higher than the other prepared scaffolds.

Keywords: Scaffold; Skin tissue engineering; Poly(g-caprolactone); Chitosan; Zinc oxide nanoparticles; Cross-linking
agent; Sodium hydroxide
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