Journal of Advanced Materials and Technologies (JAMT): Vol. 12, No. 2, (Summer 2023), 39-54

Journal of Advanced Materials and Technologies

Materials and Energy
Research Center

Journal Homepage: www.jamt.ir MERC

Original Research Article - Extended Abstract

The Effect of Adding Different Percentages of
v-Glycidoxypropyltrimethoxysilane Cross-linker on the Properties of Freeze-
dried Gelatin/Chitosan Scaffolds upon Introducing an Optimum Condition to

Cross-link the Chitosan/Gelatin Scaffolds in Bone Tissue Engineering

Fatemeh Banafatizadeh “*' !, Ali Zamanian"*' 2*

LPh. D. Candidate, Biomaterials Research Group, Department of Nanotechnology and Advanced Materials, Materials and Energy Research Center,
Karaj, Iran
2Professor, Biomaterials Research Group, Department of Nanotechnology and Advanced Materials, Materials and Energy Research Center, Karaj,
Iran

*Corresponding Author’s Email: a-zamanian@merc.ac.ir (A. Zamanian)

Paper History: Abstract
Received: 2022-07-05

Revised in revised form: 2022-09-10
Scientific Accepted: 2022-09-14

Use of y-glycidoxypropyltrimethoxysilane (GPTMS) enhances the stability and strength of
hydrogels and improves the bioactivity and cellular performance of the scaffolds in bone applications. Given
that one of the leading factors that affects the properties of the scaffold is the percentage of the cross-linking
agent, chitosan and gelatin scaffolds with different percentages of GPTMS were prepared and evaluated through

Keywords: freeze-drying method. The results from Scanning Electron Microscope (SEM) confirmed the achievement of
Gelatin, porous scaffolds with open pores and upon increasing the amount of cross-linking agent, the size of the pores
Chitosan, reached approximately 290 microns. The results of the infrared spectrum showed the interaction among the
Cross-linker, polymers and process of cross-linking with the formation of silane groups. In this study, upon increasing the

Bone Tissue Engineering amount of the transverse bonding agent, the contact angle decreased, the optimal contact angle of the sample

with 75 (weight percent) GPTMS reached 60.7 + 3.5 degrees, and the percentages of both swelling and
degradation ultimately decreased. It should be noted that the mechanical properties were improved by adding
GPTMS up to 1590 + 267 kPa. According to the findings of this study, application of GPTMS led to an
enhancement in the bioactivity properties and deposition of the hydroxyapatite layer, and the X-ray diffraction
pattern confirmed this claim. The obtained results support the hypothesis that gelatin-chitosan scaffolds with 75
(wt %) GPTMS seem to be the best samples for use in bone tissue engineering.
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1. INTRODUCTION

Given that large bone injuries cannot be repaired by
themselves, they require external interventions. Since
use of grafts is associated with limitations [1], tissue

different weight ratios of GPTMS. The effect of adding
different weight ratios of the cross-linking agent on
different properties of the scaffold was evaluated
through different in-vitro tests, and the scaffold with the
best weight percentage of the cross-linking agent

engineering has been introduced as a new method.
Material selection is one of the most influential
parameters in scaffold properties. Chitosan is a
hydrophilic, biocompatible, biodegradable polymer
with antibacterial properties [2]. Gelatin is also a
biocompatible,  biodegradable, hydrophilic, and
economical natural polymer that can dissolve in aqueous
solutions [3]. Glycidoxypropyltrimethoxysilane
(GPTMS) is a suitable crosslinking agent for chitosan-
gelatin [4]. Tonda-Toro et al. [5] used GPTMS to
crosslink a gelatin freeze-cast scaffold, which enhanced
the stability of the scaffolds in an aqueous environment
as well as their mechanical and cellular properties. The
weight percentage is also an important factor in the
application of reticulating agents.

In this study, -chitosan/gelatin scaffolds were
fabricated by freeze-drying and cross-linked using

optimized for bone applications was identified.

2. MATERIALS AND METHODS

To prepare a 2 % (w/v) chitosan/gelatin solution,
chitosan (3 gr) was added to the acetic acid solution and
stirred at the temperature of 35 °C. Then, gelatin (3 gr)
was added to the solution. In order to crosslink the
solutions, different amounts (30, 40, 50, 75, and 150 %
(w/v)) of GRTMS were added to 30 ml of the prepared
chitosan/gelatin solution. The samples are called the
control, GP30, GP40, GP50, GP75, and GP150,
respectively, based on the GPTMS concentrations.

2.1. In-vitro tests

In order to observe the morphology of the scaffolds, a
Scanning Electron Microscope (SEM, Vega, Czech

(https://doi.org/10.30501/jamt.2022.347635.1229).
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Republic) was used. Fourier Transform Infrared
Spectroscopy (FTIR) was taken from the prepared
samples. Then, the contact angle, swelling, and
biodegradation tests were taken from the scaffolds to
evaluate their ability to interact with water. The
mechanical properties of the scaffolds were tested. In
order to compare the ability of the GPTMS crosslinked
scaffolds to support apatite deposition, they were
immersed in 50 mL of Simulated Body Solution (SBF)
(pH of 7.3). The results were presented as mean *
standard deviation.

3. RESULTS AND DISCUSSION
3.1. Morphology observations
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The porous structure, with an appropriate pore size, is
very effective in cell adhesion and proliferation,
nutrient, oxygen, and cellular waste material transport
[6]. Figures 1 (a-g) demonstrate the SEM images. The
sample without the cross-linking agent is considered the
control sample. According to the images, the scaffolds
have a highly porous structure with open pores, which is
essential for cell growth and adhesion. The scaffold of
the control sample, with a heterogeneous structure, has
a larger and rounder pore size than that of other samples.
Upon increasing the percentage of the cross-linking
agent, the structure becomes more regular than before as
a result of which, the shape of the pores changes and
becomes elongated.
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Figure 1. SEM images of GP30, GP40, GP50, GP75, and GP150 samples (a-g) and control sample (f)

The bioactivity and apatite deposition ability of the
scaffolds containing GPTMS were investigated through
incubation of scaffolds in the SBF solution for 14 days
(Figure 2 (a-€)). Apatite is formed by the formation of
the spherical mineral particles on the inner and outer
walls of the pores of scaffolds. Followed by comparing
the SEM images, it was concluded that the amount of
the apatite particles increased significantly with an
increase in the GPTMS content of the scaffold. This can
be attributed to the reduction in the surface energy for
the nucleation of apatite minerals on the surface of the
scaffolds due to the GPTMS crosslinking agent [7]. In
fact, the interaction between the Si-O-Si and Si-OH

groups in GPTMS and calcium ions, due to the change
of surface charge, creates nucleation sites with the
positive absorption of calcium ions [8]. In order to
confirm the formation of apatite on the samples, X-ray
diffraction spectra were also taken from them (Figure
2(f)). The XRD pattern of hydroxyapatite was according
to JCPDS card #0432-09 with some peaks at 20s of
31.75, 32.67, 46.03, 56.13, 65.45, and 76.4° [9] that
confirmed the formation of apatite on the samples. The
results demonstrated that the amount of the deposited
layer increased with an increase in the GPTMS
percentage.
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Figure 2. SEM images of hydroxyapatite deposited on the surface of GP30, GP40, GP50, GP75, and GP150 scaffolds (a-e), and X-
ray diffraction patterns of the deposited hydroxyapatite (f)

4. CONCLUSION

Optimizing the amount of the used GPTMS is one of
the most important parameters in the design of
gelatin/chitosan scaffolds for bone tissue engineering
applications. In this study, various weight percentages
of GPTMS cross-linking agents were used for this
purpose, and the scaffolds were subjected to various in-
vitro tests. The increase in GPTMS reduced the pore
sizes that in turn made the morphology of the pores more
homogeneous and more longitudinal. With an increase
in GPTMS, the mechanical and bioactive properties of
the scaffolds were improved while the wettability was
reduced. According to the results, the GP75 sample was
introduced as the best sample for bone applications,
which needs further investigation in the future.
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