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The HA- ALO, nano composite was produced by precipitation method. In the
first study,

the effect of MgCl2.6H20 and NaF additives on HA-Al,O, nano-composite powder
were studied and the second, chitosan / HA- AL O, scaffold was prepared by
freeze casting method. The phase and microstructure and morphology analysis
of nano composite and scaffold were performed by XRD, FT-IR, FESEM and TEM.
X-ray diffraction test results along with infrared spectroscopy indicated that, the
HA- AlLO, nano composite without impurities were produced. TEM result showed
that, the produced nano cmposite particle sizes were reported between 30-50
nm.

Moreover, the porosity percentages of scaffold without additive was about
56% and with NaF as an additive was about 63 %, however, the scaffold with
MgCl,.6H,0 additive with 70% porosity had the highest porosity percentage. The
compressive strength of the SFA scaffold exhibited a two-fold strength compared
to the SMA scaffold, which indicated the improved mechanical compatibility of

the SFA scaffold.
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INTRODUCTION

Bone regeneration is a complex cascade of
biological events which controlled by numerous
molecules and provides signals at local injury
sites allowing progenitors and inflammatory
cells to migrate and trigger healing processes.
Conventional tissue engineering strategies utilize
combination of cells, biodegradable scaffolds and
systemic administration of bioactive molecules to
promote natural processes of tissue regeneration
and development [1-3]. A number of strategies
for controlled biomolecule delivery from scaffolds
have been developed for bone tissue engineering.
One of the most common methods to achieve
controlled and localized release of biomolecules
is to incorporate them within biomaterials during
the phase of scaffold fabrication [4]. According
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to this approach, the properties of the scaffolds,
such as pore size and crosslinking density can
control the biomolecule release rate by diffusion.
In addition, the rate of scaffold degradation affects
the biomolecule release rate over a prolonged time
period [5-6]. Implantation of bone auto grafts
or allografts is a simple strategy to heal large bone
defects [7]. However, there are some drawbacks
of these strategies which limit their widespread
usage, such as extended surgical time and donor
site morbidity for auto graft and adverse immune
response and pathogen disease transmission for
allograft. These problems have guided researchers
for the development of bone substitute materials
[8-12]. As the most promising bone substitute
materials, calcium phosphate (CP) compounds
have been widely used clinically due to their
similarity to hard tissues [13].
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Among different CP ceramics hydroxyapatite
(HA) and tri-calcium phosphate (TCP), or
combinations of these two materials (biphasic
ceramics) have gained special attentions for a
wide range of applications such as maxillofacial
reconstruction [14-16], orbital implants [17],
spine fusion [18] and repair of bone defects [19].
These materials have been clinically used in dense,
granular and porous forms [20-22]. Hydroxyapatite
is calcium phosphate nearest to bone mineral
and the most thermodynamically stable phase
in the body [2, 23]. Calcium phosphates, such
as hydroxyapatite for their biocompatibility and
similarity to the mineral components of bones
and teeth are good replacements for parts of the
body which are damaged [1, 24]. Hydroxyapatite
increases the capability of bone growth and forms
a strong chemical bond with bone tissue when
the bone tissue grow in the surface layer of this
ceramic [3,25]. Nonetheless it is a brittle material
which leads to low mechanical failure and limits its
application ina position under theload. Therefore,
it is important to add a secondary phase to
improve the strength and mechanical properties of
hydroxyapatite. The most important materials such
as alumina, zirconia, titania and organic glass can
be used as the reinforcing components [4, 26]. Due
to its unique thermal, mechanical, and chemical
properties, alumina is applied widely in the strong
materials, composites and reinforcing materials.
Alumina as the engineering ceramic based on its
high mechanical properties and biocompatible
properties is used as bone and dental fittings [5,
27]. Moreover, its application in biology increases
owing to hardness, high strength against fatigue and
resistance to corrosion [28]. NaF and MgCl, .6H,0
nanocrystalline ceramics have biocompatibility
and bioactivity and similarities to bone mineral
parts in many bone marrow engineering scaffolds,
metal surface coatings, and drug delivery and
delivery [29].

The replacement of various ions such as sodium
(Na), magnesium (Mg), fluorine (F), chlorine (Cl),
aluminum (Al) improves chemical composition
and structure of apatite. Ion substitution in the
apatite structure not only leads to improving
the biocompatibility, bioactivity, mechanical
properties which are similar to the apatite body
in terms of chemical composition, but also it
decreases the therapy course and bone repair
significantly[30-32]. To date, various methods such
as electrically [11, 32], freeze drying [33], solvent
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casting [22], fusion separation, and other methods
for the construction of scaffolding for application in
tissue engineering by researchers has been studied.
In 2009, a study was conducted on the effect of
fluoride additive on the mechanical properties of
hydroxyapatite/alumina composites for increasing
the strength of the scaffold [18, 20, 34]. Researchers
have been studying the effects of MgF, on animal
skin and have not reported any toxicity [19].
Synthesized hydroxyapatite nanoparticles was
done by adding of NaF and carbonate. Hydro-
deformed apatite had increased the formation
of the diameter of the apatite layer between the
scaffold and the bone [13, 20]. In 2017, a study
was conducted on the mechanical and cytotoxic
properties of 3d printed multi-compartment
capsular devices. The results confirmed that, the
scaffold containing 15% of hydroxyapatite had
more mechanical and biocompatible properties
[35]. The researchers conducted a study on the
construction of a hydroxyapatite-gelatin scaffold
for bone reconstruction on rat rats. It was observed
that, the use of this scaffold increased the speed
of repair of bone tissue [35]. Moreover, the
researchers constructed a composite scaffold of
chitosan / polyvinyl alcohol / carbon nanotubes by
electrostatic method. Polyvinyl alcohol was used as
a surfactant to stabilize carbon nanotubes [36].

This study has driven us to verify and prepare
nanocomposite of ~HA- ALO, with different
additives and then, the chitosan/ HA- AL O, scaffold
was systematized. The novelties of this research are
investigating the effects of NaF and MgCL.6H,O
on preparing the nanocomposite of HA- AL O, as
well as on the morphology and the microstructure
properties of produced nanocomposite. Also,
preparing the scaffold of chitosan / HA- AL O,
as well as the microstructure, mechanical, cell
viability and compatibilities of produced scaffold
were investigated.

EXPERIMENTALS
Preparation of Hydroxyapatite-Alumina nano
composite powder

Hydroxyapatite-alumina nano  composite

powder was prepared by precipitation method.

At first, suspension of 0.4 M Ca (NO,), 4H,0
(Merck, prolabo 0308821 142) and (NH,),HPO,
(Merck, prolabo A0143307 037) was prepared.
Then, 0.239 M (NH,), HPO, solution was added
drop wise to Ca (NO,), 4H,0 solution and stirred
for 2 h and added to first solution (solution 1).

J. Nanoanalysis., 8(2): 135-144, Spring 2021
[@)ev |



F. Mirjalili et al. / The effect of slope and number of arms

Next, MgCl,.6H,O and NaF additives with weight
percent of 10 wt% were added to solution 1[30].
In the next step, aluminum nitrate (LobaChemie
7784-27-2) was prepared in distilled water and
mixed for 1 h (solution 2) and aged for 24 h. Then,
the second solution was added to the first solution.
The final solution was mixed for 2 h and aged for
24 h. After filtering and washing, the materials were
dried and calcined at 1200 °C for 1 h.

Preparation of chitosan/ HA- AL O, scaffold

In order to build the scaffolding, the freeze
casting method was used. At first, 2 gr chitosan was
dissolved in100 ml of acetic acid solution of 1 % at
75 °C for 30 minutes and then 0.4 gr gelatin was
added and homogenized at 100 °C for 12 h. Then,
25% of hydroxyapatite /alumina with two different
additives powder made in the previous steps was
added to the hydrogel and homogenized for 48 h
at 120 ° C. After that, the sample was transferred to
a24-house dish and placed at an initial temperature
of -20 °C for 24 h for initial freezing. Then, the
scaffold was prepared in two freeze-dried steps. In
the first stage, it was placed in the freezer dryer for
24 h at a temperature of -80 °C and placed in the
glutamate solution of 25% for 24 h after leaving
the scaffold. Then, after two washing steps with
ethanol of 96% and hot water, the scaffold was
again placed inside the freezer for 24 h. X-ray
diffraction (XRD, PW1800, Philips) was used for
phase identification.

A crystalline size of powders was determined
by the Scherrer method as follow:

t=0.89\/BcosH (1)

Therefore, t is grain size, the wave length is A
and P is peak width and the angle in degrees is 8
[30]. Field emission scanning electron microscope
(FESEM) and transition electron microscopy (TEM,
PHENOM) were conducted for investigation of
microstructures and morphology of powders. Test
samples were loaded at a testing machine (Instron
5569, Instron corp., Canton, U.S.) to measure the
compressive strengths at a crosshead speed of 1
mm/min.

The apparent density and porosity of nano
composite was measured using the Archimedes
method. In the next step, the proliferation and
survival of 1929 cells on the surface of the samples
were evaluated by MTT (3-(4,5-Dimethylthiazol-
2-YD)-2,5-Diphenyltetrazolium Bromide ) assay.
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To prepare the samples, a common protocol for
this test was used. In this way, 5 mg of each of the
samples was mixed in the medium and incubated
at 37 ° C for 72 h. These samples were filtered to
prevent contamination. After extracting the cells
desired in the culture plate, number of wells was
considered as controls and some were considered
as the test samples. After the desired time, the
culture medium was discarded and a certain
volume of solution was spilled on the cells and
then, the cells were incubated in this solution. At
this time, the MTT ring was broken, breaking the
ring created crystalline purplish color. The amount
of this color was directly related to the living cells.
Next, the supernatant was discarded and the cells
were washed. At the end, the absorbance of the
solution was calculated by the spectrophotometer.

The following formula is then used to determine
the survival rate:

Cell Viability% = 228
oD

)
c

ODs Optical Density Sample, ODc Optical
Density Control [2].

Cell culture and cell membrane propagation
were used on scaffolds from the rats’ tail (929L)
cells. In the next step, the proliferation and
survival of 1929 cells on the surface of the samples
were evaluated by MTT assay [5, 31]. Statistical
comparison of data from t-student method
was performed. All experiments were assayed
in triplicate.

RESULTS AND DISCUSSIONS:
Synthesis of Hydroxyapatite Alumina nano composite
powder with different additives

The XRD pattern of the HA- Al O,nano
composite powders with and without additives
was shown in Fig 1. The XRD pattern in Fig 1
indicated that, the samples was mostly HA and
another crystalline phase of Tricalcium phosphate
phase (T) existed (Sample H) . By adding of 10%
MgCl,.6H,0, the Magnesium phosphate (M) was
formed (Sample J) and with addition of 10% NaF,
the formation of Sodium fluorophosphates (N) was
achieved (Sample M).

The crystalline sizes and crystalline degrees
of HA-ALO, nano composite powders with and
without additives were explained at Table 1.

As Table 1 indicated, by increasing the
MgCl,.6H,0, the crystalline sizes were reduced and
crystalline degrees of nanocomposites increased
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Fig. 1. X-ray diffraction pattern of the HA-Al O, nano composite powders with and without additives

Table 1. Comparing the crystalline sizes of H, ] and M samples

Cryslalline size Crysialline
Sample
(nm) Degree (%)
Sample I1 54 nm 71
Sample | 41nm 76
Sample M 35nm 84

which wasduetothereplacementof Cl toOH" inHA
crystal. By increasing MgCl,.6H,O, decomposition
of HA decreased; therefore, the intensity peaks
of HA phase increased. Also, by increasing NaF,
the crystalline sizes decreased and the crystalline
degrees of nanocomposites increased something
which was due to the replacement of F to OH" in
HA crystal. By increasing NaF, decomposition of
HA decreased and an intensity peak of HA phase
was increased. Moreover, NaF as an additive had
better effect on decreasing of crystalline size than
MgCl,.6H,0, because the grain boundaries of NaF
particles could prevented the growth of HA.

FTIR curves powder samples H, M and ] were
seen in Fig 2. The peak in the wave number of
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less than 500cm™ was related to Al-O bond. The
peak of P-O was related to phosphate groups at
crystalline hydroxyapatite network in the wave
numbers of 695 cm™ and 831cm™ the appeared
peaks of ] sample was related to the stretching
vibration of Mg-O-Al bond. Peaks performed
in 842cm™ at FT-IR spectrum of H sample and
peaks in the wave number of 831cm™, 964 cm™ at
FT-IR spectrum of sample ] were belonged to the
Al-O bond stretching vibration [30]. At the wave
numbers of 964cm™ and 960cm! the peaks related
to AL O, phase were appeared with the addition of
10% MgCl,.6H,0O and NaF, respectively. Moreover,
peak marked with P-H at the area of 2924cm™ in
the spectrum of sample of H and wave number of
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Fig. 2. FTIR curves of the HA- Al,O, nano composite powders with and without additives

Fig. 3. FESEM images of sample H, ] and sample M after calcination at 1200 °C temperature for 1 h

1997cm™ at FT-IR spectrum samples of ] and wave
number of 2005cm™ at FT-IR spectrum samples
of M were related to HPO, groups [9].

Morphological properties of the HA-ALO, nano
composite powder with different additives
Fig .3 shows the field emission scanning

J. Nanoanalysis., 8(2): 135-144, Spring 2021
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electron microscopy (FESEM) image of H, J and
M samples with good dispersion and regular shape.
Porous appearance with  some agglomeration
was seen in sample H. In sample J, in the presence
additive of MgCL,.6H,O, particles with porous form
indicated pirohydrolysis of magnesium chloride
which resulted in the production of HCL gas
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Fig. 4. TEM images of sample H, ] and sample M after calcination at 1200 °C temperature for 1 h

that increased the pores and cracks in the surface
of samples. However, in sample M had less porous
appearance and with spherical shape.
Transmission electron microscopy (TEM)
images of samples H (HA-Al,O, nano composite
powder), ] (HA-AlL O, nano composite powder with
10% of additive MgCl,.6H,0) and M (HA-ALO,
nano composite powder with 10% of additive NaF
) were used for investigating the particle size and
morphology of nano composite powders in Fig 4.
As Fig 4 shows, the size of nanoparticles of
sample H was about 50 nm with regular shape and
some agglomeration. In sample ], in the presence
additive of MgCL .6H O, particles formed with the
sizes less than 45 nm and regular geometric shape;
however, there was some agglomeration. In samples
M, in the presence of surfactants and additive of
NakF, the particle size was about 30 nm with regular
geometric shape and without any agglomeration.

Morphological study of scaffold surface

The microstructures of the prepared scaffolds
from the freewheeling casting method were studied
by screens of field scanning electron microscopy
(FESEM). As it was seen in FESEM images, the surface
of all samples was completely porous. The existence
of macroscopic cavities inside the scaffold created an
interconnection between the porosity of the scaffolds.
This interconnection was a vital parameter for cell
infiltration, ~cell-to-scaffold attachment, nutrient
transfer, and waste removal from metabolism and cell
migration across a three-dimensional scaffold in the
first days of placement of scaffold in the body. Another
key parameter, in making the ideal scaffold was to
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apply porosity to texture engineering. The diameter of
the porosity did not too large therefore, the cell could
not attach to the wall of the scaffold for penetrating
and growing. FESEM images in Fig 5 showed that, the
size of porosity of SMA scaffolds (scaffold of chitosan
/ H A-ALO, with 10 % MgClL.6H,0 ) was in the
range of 100-150 pm which was the required porosity
for bone application. Investigating the FESEM images
of SFA scaffold (scaffold of chitosan / HA-AL O, with
10 % NaF) indicated the connection between the
porosity of the scaffold and illustrated a significant
increase in the internal connection of porosities (Fig
5.b).

Porosity measurement in this scaffold was
indicated an increase in the diameter of the porosity
of SFA scaffold compared to the SMA scaffold
sample. The evaluation of SHA scaffold (scaffold
of chitosan/ HA without additives) has shown that
the various difference compared to other samples,
especially in SFA scaffold. This difference was due
to, the stronger binding of fluorine to the amine
chitosan group relative to the hydroxide linkage
with the amine group. In general, previous studies
have shown that, the addition of nanoparticles into
scaffoldsled to a reduction in the porosity size which
related to the study on chitosan gelatin scaffolds
containing tricalcium phosphate nanoparticles and
identified the addition of nanoparticles caused to
reduce the porosity from about 128 to 157 pum to
104 to 137 um [4, 26 ].

Porosity percentage of scaffolds
Another important parameter on the scaffold
properties is the porosity of the scaffold, which has

J. Nanoanalysis., 8(2): 135-144, Spring 2021
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Fig. 5. FESEM images a) SMA b) SFA c¢) SHA scaffolds

a great impact on mechanical properties and being
biocompatible. In order to calculate the porosity of
scaffolds, the Archimedean method is used [31].

Studies have shown that, the porosity
requirement for bone tissue for the correct
reconstruction of normal bone tissue was about
45% to 65%. Low porosity prevented food from
feeding, migrating, and disposing of appropriate
cell materials. Also, the porosity percentage of
extremely high scaffolding reduced the mechanical
properties of the scaffold. Previous studies have
shown that, the addition of ceramic particles could
reduce the porosity and increase the strength of
scaffold. Table 2 shows the porosities of the SHA,
SFA, and SMA scaffolds. As it was shown, the
porosity percentages of all scaffolds were within
the porosity percentage required for bone scaffolds.
However, the SMA scaffold with 70% porosity had
the highest porosity percentage. Although this
porosity could have the best effect on the survival
rate of the cell and reduce the mechanical properties
of the scaffold. Also, the SFA scaffold had 63%
porosity, which was due to a stronger connection to
the fluorine bond that confirmed the results of the
presence and linkage of NAF and MgCl,.

Mechanical properties of scaffolds

In addition to being biocompatible, the
used scaffolds in tissue engineering should be
mechanically matched to the tissue body. Bones
are constantly under load and compressive forces;
therefore, the compressive strength of scaffolds in
bone tissue engineering is investigated. Although,

J. Nanoanalysis., 8(2): 135-144, Spring 2021
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Table 2. The porosity percentages of different scaffolds

Porosily percentages

Sample (%)
SMA + 3%70
SEA T 4%63
SIIA + 3%56

the used material to make bone tissue engineering
scaffolds and pore geometry had important role
in primary cell adhesion, intracellular growth
and blood capillaries. However, the porosity and
porosity size influenced the mechanical properties
of the scaffold. The optimal size and porosity were
dependent on factors such as the nature of the
materials and the conditions of the process for
the construction of three-dimensional scaffolds.
Previous studies have shown that, the use of
ceramic particles increased the strength of polymer
scaffolds. Chitosan was a polysaccharide polymer.
This polymer had great potential for hydrogen
bonding. The use of bio-polymers, especially
chitosan, due to the hydrolysis of their bondage
in the manufacture of scaffolds caused to reduce
the mechanical properties of the scaffold. In Fig.6,
the compressive strengths of the SMA, SFA, and
SHA scaffolds are observed. The results indicated
that, the compressive strength of the SMA scaffold
had the least strength and the SFA scaffold had the
highest compressive strength. This increase was due
to the strong bonding of fluorine in SFA scaffold.
Because fluoride was the most important element
which could to supplement the bone [28].
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Cell viability by tetrazolium assay

The survival and cell proliferation of SHA, SFA
and SMA scaffolds were investigated by MTT after
3 days. As it was shown in Fig 7, the numbers of
cells were increased in all samples after 3 days.
Also, after three days of culture, there was no
significant difference in survival between the cells.
Previous studies have shown that, nano-sized
apatite particles had the ability to bind to serum
protein and growth factors that could activate cell
differentiation. The results showed that, the cell
viability for SMA scaffold was about 98% and SFA
scaffold and SHA scaffold had the cell viability
about 97% and 95% , respectively. This slight
difference in the cellular residence rate was due to
the formation of more porosity in SMA scaffold
than other scaffolds.

Investigating and comparing the porosity of
these three scaffolds with other scaffolds indicated
that, the SMA scaffold had more porosity than other
scaffolds that caused to be more appropriate than
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the other two scaffolds, and had the positive effect
on the cellular residence rate. However, the increase
in porosity also resulted in a significant reduction
in the mechanical properties of the scaffold. In
2013-2018 researchers prepared different scaffolds
an exhibited >80% porosity with a mean pore size
range between 100 and 300 um with maximum
compressive strength of 2.2+_ 0.1 MPa, but, in
our results , the compressive strength of scaffolds
were in the rage of 0.59- 1.2 Gpa, that was more
than pervious results. With comparing our results
to previous results indicated, that our scaffold
properties are near to previous scaffold properties
which prepared by researchers.

CONCLUSION

Nano HA-AL O, nano composite powders with
10% additives of =~ MgCL.6H,O and NaF were
synthesized through precipitation method at 1200
°C. The particle size of nanocomposite containing
10% NaF as an additive was about 35 nm with
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regular shape and good dispersion. In the next
step, chitosan/ HA- Al O, scaffold was prepared
by freeze casting method. The results showed
that, the porosity of SMA scaffold was estimated
to be in the range of 100-150 um, which was close
to the porosity particle size required for bone
application. The porosity percentages of scaffold
without additives was about 56% and with NaF as
an additive was about 63 %, however, the scaffold
with MgCl,.6H,0 additive with 70% porosity had
the highest porosity percentage. The compressive
strength of the SFA scaffold exhibited a two-fold
strength compared to the SMA scaffold, which
indicated the improved mechanical compatibility
of the SFA scaffold. Cell culture results did not
show any cell toxicity in both samples containing
of MgCl,.6H,0 and NaF.
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