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1.Introduction

The demand for fabricating bone-healing materials is
increasing. However, the creation of the most similar
structure to the bone with appropriate mechanical,
physical, and biological characteristics is challenging.
Bone is a natural nanocomposite containing collagen and
hydroxyapatite as the matrix and the reinforcement parts
of the bone composite, respectively. The presence of the
interconnected porous structure in the range of 200-600
nm is necessary for cell activities. The present research
aims to fabricate and characterize the gelatin-calcium
phosphate composite scaffolds which have promising
roles in bone tissue engineering applications. In this
regard, the reinforcing bioglass particles (SCP) in the
Si0,-Ca0-P,0s5 system were synthesized by the sol-gel
method. The reinforcing synthesized particles were
subjected to heat treatment at 1100 °C to create the
crystalline calcium phosphate phases in the chemical
composition of the reinforcing particles. Composite
scaffolds were fabricated by conventional solvent casting
and freeze-drying method using gelatin as the organic
matrix and heat-treated bioglasses (glass-ceramics) as the
reinforcing phase. Finally, a non-polymeric silica
coverage was applied on the surface of the produced
scaffolds to improve the mechanical and biological
properties of the scaffolds. Besides, the bioactivity
behavior of the mentioned composite scaffolds has been
investigated in the simulated body fluid (SBF). The
cytocompatibility of the covered gelatin/ calcium
phosphate composite scaffolds was investigated when
they are incubated with dental pulp stem cells.

2.Materials and Methods

Tetraethyl orthosilicate (TEQOS), calcium nitrate
tetrahydrate, and triethyl phosphate (TEP) were used as
precursors of SiO,, CaO, and P,0s, respectively. Nitric

acid (65%, HNOs) and ammonia (NH4OH) were used as
the catalyst during the sol-gel synthesis process in
64Si0,—28Ca0-8P,0s ternary system. Food grade gelatin
was used for the fabrication of the composite scaffolds.
The prepared particles then were heat-treated at 1100°C.
Then, the scaffolds were fabricated via solvent casting
and freeze-drying methods. The DTA/TG, FTIR, and
AFM analyzes of the as-synthesized particles (SCP) were
performed to study the physical behavior of the particles.
FESEM analysis, three-point flexural test, Resazurin Red
Assay, and immersing the scaffolds in SBF media were
also carried out to study the physical, biological, and
mechanical behavior of the scaffolds.

3.Results and Discussion
Fig.1 shows the thermogravimetric and differential
thermal (DTA/TG) results of the as-synthesized SCP
particles. The first endothermic peak at the range of 50—
200 °C could be attributed to the volatilization of residual
water and ethanol. The exothermic peak around 250-300
oC could be related to the condensation process. The TGA
results also showed a drop in weight of the SCP samples
at 250-300 -C corresponding to the removal of H>O. An
exothermic peak right after the condensation process,
starting at 300 °C, corresponds to the removal of nitrate
groups. There is also an exothermic peak around 800 °C
which could be attributed to the phase crystallization.
The XRD graph of the SCP particles heat-treated at
1100 °C is depicted in Fig.2. The formation of calcium
phosphate and calcium silicate phases was consistent in
the SCP particles. According to the mentioned graph, the
crystallization of Cas(PO4)2 and Ca,SiO. phases occurred
based on ICCD 00-009-0348 and 1CCDO01-077-0420,
respectively.
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Figure 1. The DTA-TG graph of the SCP particles.
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Figure 2. The XRD graph of the SCP particles.

The AFM images of the surface of the SCP particles were
depicted in Fig.3. The roughness of the particles was
17.32nm which could be efficient in the mechanical
interlockings between the SCP particles and the gelatin
matrix in the composite.

According to the flexural test of the composite scaffolds,
the final strength of the scaffolds was 15 MPa which was
closed to the natural bone. The presence of silica coverage
was a beneficial parameter for improving the mechanical
properties of the scaffolds. Fig.4 illustrates the FESEM
images of the composite scaffolds before and after cell
culture with interconnected pores. In addition, Resazurin

Red Assay confirmed the viability of 78% of stem cells
on the scaffolds after 5 days of seeding. Immersion of the
scaffolds in the simulated body fluid (SBF) caused the
controlled release of the Ca®*, Si**, and PO4* ions (Fig.5).

Figure 4. FESEM images of the composite scaffolds
(a)before and (b)after cell culture.
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Figure 5. lon release profiles as a function of time
immersion in SBF media for composite scaffolds.

4. Conclusion

In the present research, gelatin-calcium phosphate
composite scaffolds were fabricated via freeze-drying
methods. The SCP particles were synthesized via a sol-gel
route in 64Si0,-28Ca0-8P,0s (mol%) system. Applying
the silica coverage on the composite scaffolds improved
the final mechanical strength to 15 MPa which was
comparable with the flexural strength of the natural bone.
Resazurin Red Assay confirmed the viability of 78% of
stem cells on the scaffolds after 5 days of seeding. In
addition, degradation studies of the composite scaffolds in
SBF media revealed that ion release occurred after 7 and
21 days of immersing the scaffolds in SBF. According to
the obtained results, the gelatin-calcium phosphate
composite scaffolds can play an important role in bone
tissue engineering applications.
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Gelatin-Calcium Phosphate Composite Scaffold: From Fabrication to Mechanical and
Biological Properties Investigation

Faezeh Darvishian Haghighi  Sahar Moaveni  Sahar Mollazadeh Beidokhti  Samaneh Sahebian Saghi  Zahra Tayarani Najaran

Abstract The fabrication of the most similar structure to the bone with appropriate mechanical, physical, and biological
characteristics is challenging. The main aim of the present research is to design, fabricate, and characterize the gelatin-
calcium phosphate composite scaffolds. First, calcium phosphate particles (SCP) were synthesized through the sol-gel
process. Accordingly, the prepared particles were synthesized via the sol-gel route and heat-treated at 1100 °C Then, the
gelatin-calcium phosphate composite scaffolds were fabricated through solvent casting and freeze-drying methods.
According to the pycnometer and particle size (PSA) analyses, the density and the particle size of the SCP particles were
4.06 g/cm® and 3745 nm, respectively. Based on the XRD and DTA-TG results of the particles, crystallization of the
calcium phosphate phases has been started at 800 °C The functional groups of the particles have been also studied through
FTIR analysis. The roughness of the particles was 17.32nm based on the AFM microscopy results. According to the three-
point flexural test, the final strength of the scaffolds was 15 MPa. Field emission scanning electron microscopy (FESEM)
showed that the scaffolds have had completely porous structure with interconnected pores. Resazurin Red Assay
confirmed the viability of 78% of stem cells on the scaffolds after 5 days of seeding. Immersion of the scaffolds in the
simulated body fluid (SBF) caused the controlled release of the Ca?*, Si**, and PO,* ions. Altogether, the gelatin-calcium
phosphate composite scaffolds have a promising role in tissue engineering applications.

Key Words: Bone Scaffold, Gelatin, Calcium phosphate, Stem Cell Culture, Mechanical and Biological Properties.
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