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Abstract

BACKGROUND: Tissue engineering is a potential technique for treating bone tissue abnormalities in the short
and long terms. Aside from that, the use of 3D printing technology has considerable advantages in the production
of bioengineering scaffolds for the treatment of patient-specific bone defects.

OBJECTIVES: The aim of the study was to fabricate and characterize the 3D printed polycaprolactone/hydroxy-
apatite (PCL-HA) scaffolds modified with Platelet-rich Fibrin (PRF).

METHODS: The scaffolds were fabricated using 3D printing technology to provide a suitable environment for the
bone regeneration. Scanning electron microscopy (SEM), Fourier transform infrared (FTIR), and compression tests
were utilized to characterize the scaffold morphology, microstructure, and mechanical properties, respectively. The
potentials for the cell adhesion, proliferation, biocompatibility, and differentiation were also investigated.
RESULTS: The 3D PCL-HA scaffold with linked pores had a moderately rough surface as a result of hydroxyap-
atite (HA) nanoparticles incorporation, which resulted in the increased mechanical properties. Increased bone cell
proliferation on the PCL-HA/PREF scaffold surface was seen as a result of the enhanced hydrophilicity and porosity
of the PCL-HA/PRF scaffold as compared to the PCL scaffold. The MTT assay results showed that the PCL-
HA/PRF scaffold was much more cyto-compatible than the PCL and PCL-HA scaffolds, which was a major im-
provement.

CONCLUSIONS: The results showed that 3D printed PCL-HA scaffold supplemented with Platelet-rich Fibrin
(PRF) may be an effective scaffold for the bone tissue regeneration.

JOQUVLOINE 3D printing scaffolds, Bone tissue engineering, Hydroxyapatite, Osteogenic differentiation,
Platelet-rich Fibrin
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Introduction

Bone is composed of the collagen fibrils, nano-
crystalline, and rod-like inorganic materials with the
length ranging from 25 to 50 nm (Ralston, 2021;
Maia et al., 2022). The bone tissue abnormalities is
a common problem that can be caused by a variety
of factors, such as tumors, trauma, congenital mal-
formations, and senile osteoporosis (Tian et al.,
2021). The current treatments for the bone abnormal-
ities are ineffective due to the lack of blood vessels
in bone tissues, increased operating time, and in-
creased healthcare costs (Venugopal et al., 2019).
The development of a suitable method, such as tissue
engineering technology, makes it possible to regen-
erate diseased or damaged tissues, such as bone
(Davoodi et al., 2020; Rastegar et al., 2021; Maia et
al., 2022).

Over the last few decades, researchers have be-
come more interested in Additive Manufacturing
(AM) for creating 3D porous scaffolds for the cell
growth (Cestari et al., 2021). Unlike traditional pol-
ymer processing techniques like salt leaching and
gas foaming, AM can easily be incorporated into the
scaffold fabrication with controlled porosity. This
enables patients to have exact dimensions of individ-
ual artificial bone substitutes (Tian, 2020). Fusion
deposition modeling, 3D printing, 3D bio-plotting,
stereolithography, and selective laser sintering are all
examples of the AM technologies utilized in com-
puter-aided tissue engineering (Hassanajili et al.,
2019).

Various biomaterials are combined with advanced
technologies to create bone structures that resemble
those found in the body. Biomaterials used in the tis-
sue engineering may help restore damaged body
functions, as well as provide structure for the cell
specialization,  migration, and  proliferation
(Shrivats, Mcdermott and Hollinger, 2014). The
scaffold supports cell growth, cell function, and the
formation of the extracellular matrix (ECM) in the
body (Cakmak et al., 2020).

Bone is mainly composed of calcium phosphate
(58%), calcium carbonate (7%), calcium fluoride
(14%), magnesium phosphate (14%), and sodium
chloride (1%). These minerals combine to form hy-
droxyapatite (Shor, 2007). Hydroxyapatite (HA;
Caio(PO4)s(OH),) is a biomaterial with chemical and
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crystallographic properties similar to the natural
bone (Kattimani, Kondaka and Lingamaneni, 2016;
Mojahedian et al., 2016; Chatzipetros et al., 2018).
Studies have shown it has a promising synthetic scaf-
fold for the bone regeneration (Biazar et al., 2020;
Bigham-Sadegh et al., 2020; Ramesh et al., 2020;
Souza et al., 2020; Bastami, Semyari and Tabrizi,
2021). However, it has poor biomechanical proper-
ties such as brittleness, fatigue strength, and
flexibility. The material is therefore unsuitable for
the direct loading and dynamic force applications in
in vitro bone tissue engineering (Chuenjitkuntaworn
etal.,2010; Maia et al., 2022).

Poly €-caprolactone (PCL), Known for its bio-
compatibility and biodegradability, has been used in
conjunction with HA derived from the biological
sources to form 3D printed scaffolds for bone regen-
eration (Kattimani, Kondaka and Lingamaneni,
2016; Cakmak et al., 2020; Cestari et al., 2021).
Moreover, PCL is one of the most hydrophobic com-
mercially available biodegradable polymers, with
acceptable mechanical properties. It is very compat-
ible with a wide range of other types of polymers,
allowing it to be used in a wider range of applications
(Sahebalzamani, Khorasani and Joupari, 2017;
Dwivedi et al., 2020).

Platelet-rich fibrin (PRF) is a Fibrin-based mate-
rial derived from blood discovered by Choukroun in
2000 (Simonpieri et al., 2009). PRF was originally
intended for and used in oral and maxillofacial sur-
gery, particularly sinus lifts (Mazor, Choukroun and
Toffler, 2009; Choukroun et al., 2006; Simonpieri et
al., 2009), but it has also been used in middle ear sur-
gery and peri-implant defect filling (Jang et al.,
2010). PRF is obtained by centrifugation of the pa-
tient's blood in the absence of an anticoagulant,
which causes platelet entrapment in fibrin clots in the
centrifugation tube (Douglas et al., 2012).

The current study used 3D printing technique to
create a PCL-HA/PRF composite scaffold. The
FTIR analysis was used to compare the composite
scaffold and 3D printed PCL to understand the
chemical bonding. The compression test was used to
assess the materials mechanical properties. The ad-
hesion,  proliferation,  biocompatibility, and
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differentiation properties of the 3D scaffold on the
cells were also studied in vitro using osteoblasts.

Materials and Methods

Preparation of PCL-HA Composite

PCL (Poly €-caprolactone, Sigma-Aldrich) gran-
ules (15 g) (5% w/v) were dissolved in DCM
(Dichloromethane, Sigma-Aldrich) and stirred vig-
orously for 2 h at 70°C until the solution was
homogenized. Following that, HA nanoparticles
(Hydroxyapatite, Pardis Pajoohesh, Co, Iran, particle
size <20 nm) were added to the solution (HA: PCL
volume ratio of 1:4), and stirred for 1 h at 60°C until
a milky suspension was obtained. The solution was
placed into a petri dish and allowed to dry. The re-
sulting composite film was then sliced into pellets
about 0.5 mm? in size. Similarly, to the control sam-
ple, pure PCL was dissolved in DCM and subjected
to the same treatment.

Fabrication of 3D Printed Scaffolds

Porous PCL-HA scaffold was designed and then
constructed using a BioFabX2 machine manufac-
tured by Omid Afarinan Co., Iran. First, a scaffold
with a rectangular base was designed using the CAD
software Solidworks. The pore size of 900 pum was
chosen for this application. The layer height was de-
cided to be 500 um to ensure the best possible
deposition and adhesion between neighboring lay-
ers. In order to feed the material from a heated
chamber to a flow nozzle, which was optimized be-
fore, it is necessary to employ compressed air. The
PCL-HA pellets were loaded into the cartridge,
which was pre-heated to the desired temperature and
held for 15 min before the process to ensure homo-
geneity of the melt during the subsequent procedure.
The nozzle inner diameter was 500 um. To achieve
the best results, the printing pressure and the speed
were 6 bar and 2 mm/s, respectively. The tempera-
ture in the chamber was set to 90°C. The same
process was used to build the 3D printed PCL scaf-
fold that was served as a control for the experiment.

Platelet-rich Fibrin Preparation

The Choukroun method was used to create the
PRF (Simonpieri et al., 2009). For this purpose, 10
mL of human blood was placed into a test tube with
no coagulant agent and centrifuged (Zenithlab-LC-
04C) for 3 minutes at 700 rpm. The resulting PRF
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solution was drawn out of the test tube center and
PCL-HA scaffold was immersed in it. Once the fluid
was sucked out, the PCL-HA/PRF scaffold was vac-
uum dried. The procedures outlined above were
repeated three times for the following experiments.

Characterization of the 3D Printed Scaffolds
Scaffolds Morphology

The morphology of the PCL and PCL-HA scaf-
folds was observed using Field emission scanning
electron microscopy (FESEM, MIRA3 TESCAN).
The mean thickness of the strands and the pore sizes
were measured by a computed image analyzer (Im-
age J, 1.48v). All samples were sputter-coated with
gold prior to the FESEM test.

Fourier Transform Infrared (FTIR) Spec-
troscopy

The FTIR spectroscopy (BRUKER-TENSOR27)
was used to determine the bands between the ce-
ramic and polymer phases in the composite material
and to identify the functional groups of PCL, HA,
and PRF. The samples were ground with potassium
bromide (KBr), and the FTIR spectrum was ana-
lyzed in the range of 500-4000 cm™.

Water Contact Angle

The wettability of PCL and PCL-HA/PRF scaf-
folds was determined using a contact angle
goniometer (OCA 50, Dataphysics, Germany). De-
ionized water (20 pnL) was dripped onto the surface
of each scaffold, and then a high-resolution camera
was used. Calculating the contact angle value was
done by taking the average of five separate locations
on the scaffolds.

Mechanical Compression Test

The mechanical properties of the samples were
measured using a compression strength instrument
(AG-X Plus, Shimadzu Co.). The prepared speci-
mens (n=3) from each group of PCL, PCL-HA, and
PCL-HA/PRF scaffolds were cut into 10x10x5
mm?®. The tests were performed at a strain rate of 1
mm min”', between two steel platen members.

In Vitro Biological Assay
Cell Culture

The osteoblast-like cells, MC3T3-El (NCBI
C555, Pasteur Institute, Iran) were cultured in Dul-
becco's Modified Eagle Medium F-12 (DMEM/F-
12) at 37°C and 100% humidity with 5% CO,. The

Iran J Vet Med., Vol 16, No 4 (Fall 2022)



Sina Yal Beiranvand er al.

medium was enriched with 10% fetal bovine serum
(FBS) and 1% penicillin/streptomycin.

Cell Morphology Evaluation

The PCL, PCL-HA, and PCL-HA/PRF scaffolds
were all trimmed to the appropriate size for the pro-
cedures. On each scaffold, roughly 2x10* cells were
seeded with 10% FBS in DMEM/F-12. After 24 h,
the cell-scaffold formations were taken from the cul-
ture fluid and washed with PBS before being fixed
for 2 h with 2.5% glutaraldehyde (Sigma-Aldrich)
and dehydrated with graded ethanol. The samples
were subsequently coated with gold and inspected
under a scanning electron microscope.

Cell Viability

The MTT assay was used to examine the cell via-
bility on the surfaces of the PCL, PCL-HA, and
PCL-HA/PRF scaffolds. In order to prepare for the
MTT test, the scaffolds were sliced into 10x10 mm?.
The scaffolds were exposed to 25 kGy gamma radi-
ation for five days in order to be disinfected. The
cells were seeded in 24-well plate (5x10° cells/well)
in 100 pL of media on the sterilized scaffolds and
allowed to incubate for 24 h. Three wells containing
MC3T3-E1 cells were used as control samples with
no scaffold. Incubation was completed for 4 h after
the culture medium was taken from each well. After
one day, the culture medium was removed from each
well and 500 uL of MTT (0.5 mg mL™") was applied
to each well, followed by 4 h incubation. Then, Di-
methyl sulfoxide (DMSO, Sigma-Aldrich) was used
to dissolve the purple-colored crystals that had
formed in each well. The plate was shaken for 15
min in order to obtain a better solution. Afterwards,
the optical density (OD) of living cells was deter-
mined with an ELISA reader operating at 570 nm
(Avecina, Pishtaz teb, Iran). In the end, the percent-
age of viable cells on each scaffold was calculated
using the following formula:

0D sample

Cell Proliferation

The MC3T3-E1 cells were seeded in 24-well cul-
ture plates (2x10° cells/well) into each scaffold with
DMEM/F-12 medium plus 10% FBS and cultured at
37°C in a humidified incubator with 5% CO,. The
scaffolds were removed from the media at days 1, 3,
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and 7 and washed twice with a buffer solution. In or-
der to count the number of proliferated cells, a Cell
Counting Kit-8 (CCK-8, Vazyme) was used. For the
most part, the CCK-8 solution was diluted with cul-
ture media (1:10) before being administered to each
individual sample. It was necessary to extract the
CCK-8 suspension and transfer it to 96-well plates
after four hours of incubation. The OD of the ex-
tracted suspension was determined at 570 nm using
an ELISA reader (BioTec ELx 800, USA).

Real time-PCR

The RT-PCR was used to determine the levels of
osteogenesis-related gene expression in MC3T3-E1
cells that had been grown on various scaffolds for 14
and 21 days. Total RNA was isolated from the cells
using the TRIzol Reagent (DNAbiotech), and re-
verse transcription PCR was carried out using the
SuperRT ¢cDNA Synthesis Kit (DNAbiotech) ac-
cording to the manufacturer's instructions. The levels
of osteogenic markers were determined using an Ul-
traSYBR Mixture (DNAbiotech). For the relative
real-time PCR, the primer sequences for the target
gene and the internal control gene (glyceraldehyde-
3-phosphate dehydrogenase (GAPDH)) were as fol-
lows: OCN (F:5'-
CCGGGAGCAGTGTGAGCTTA-3; R:5"-AG-
GCGGTCTTCAAGCCATACT-3'), Runx2 (F:5'-
TTCTCCAACCCACGAATGCAC-3% R:5'-
CAGGTACGTGTGGTAGTGAGT-3"); GAPDH
(F:5'-GACTTCAACAGCAACTCCCAC-3"; R:5'-
TCCACCACCCTGTTGCTGTA-3'). The findings
of the RT-PCR experiments were analyzed by 24"
method, and all data were normalized to the level of
GAPDH expression.

Alizarin Red Staining (ARS)

The MC3T3-El cells were seeded in 24-well cul-
ture plates (2x10° cell/well) and incubated overnight
at 37°C in a humidified incubator with 5% CO,. Af-
ter that, the media was changed to Osteocyte
Differentiation medium for a total of 19 days. The
cells were then fixed in 70% ethanol for 1 hr at 4°C
before being processed. The cells were rinsed with
PBS and then stained with 1% (w/v) ARS, pH 4.2,
for 10 min at room temperature. The production of
mineralized matrix was then found to take place after
that. The scaffolds in the blank control group were
completely devoid of the cells. The amount of ARS
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staining was measured by elution with 10% (w/v)
cetylpyridinium chloride (Sigma-Aldrich), which
was applied for 30 min at room temperature, and the
OD was measured at 405 nm.

Results

Morphology of the Scaffolds

The SEM images of the 3D scaffolds taken from
the top perspective are shown in Figure 1. The thick-
ness of the strands and the pore sizes are summarized
in Table 1. In contrast to the strands of pure PCL
scaffold, which have an average thickness of 431
um, strands of the PCL-HA scaffold showed a higher
average length of 545 um. Consequently, the aver-
age pore size in the PCL-HA scaffold was greater
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(901 um). A few micropores could be detected on
the surface of all the scaffolds, although they were
concentrated on the strands of the PCL-HA scaffolds
than on the surface of the others. The diameter of
these micropores was less than 10 pm.

As illustrated in Figure 1, the presence of HA par-
ticles can be readily seen in all SEM images of the
scaffolds (d). The EDX is used to examine the parti-
cles and it appears that they are clustered in 10-20
um clusters that are otherwise homogeneously dis-
seminated inside the PCL matrix (Figure 1 e-h). The
presence of the HA constituents was confirmed by
EDX.

Figure 1. The FESEM images of the 3D printed scaffolds (top view). (a, b) PCL scaffolds, (¢, d) PCL/HA scaffolds, (e-h)

PCL/HA scaffold elemental mapping analysis.

Table 1. Dimensions of 3D printed scaffolds.

PCL PCL-HA
Strand thickness (pum) 431+24 545+31
Pore size (um) 900+11 901+80

FTIR Results

The FTIR spectroscopy was used to identify the
functional groups in pure polymers and their compo-
sites. The FTIR spectra of the PCL, PCL-HA, and
PCL/PRF scaffolds detected in the 4004000 cm’
range are presented in Figure 2. The absorption
peaks of 2920 cm™, 2860 cm™, 1635 cm™, and 1160

404

cm™ in the PCL were corresponded to the CH, sym-
metric stretch, CH, asymmetric stretch, carbonyl
stretch, and C-O stretch, respectively. The peak at
1157 cm™ was attributed to the phosphate group in
HA, which overlapped with the C=0 band in PCL.
Furthermore, PRF bands at 3260 and 1524 cm™ be-
long to the NH groups (amide II), respectively.

Iran J Vet Med., Vol 16, No 4 (Fall 2022)
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Contact Angle Results

The static contact angles of the PCL and PCL-
HA/PREF scaffolds are shown in Figure 2 b. The PCL
scaffold had a static contact angle of 90.66+2.90°.

(a)

B ¥
i CH:
POy — =0

PCL/PRF | PCL

vk A

PCL/HA

1000 1500 2000 2500 000 3500 4000

Wavenumber (cm™)
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As compared to the PCL scaffold surface, the contact
angle of the PCL-HA/PRF scaffold surface showed
a significant reduction, which was dramatically low-
ered to 15.50+1.57°.

(b)

PCL-HA/PRF

Figure 2. (a) FTIR spectrum of the PCL/PRF, PCL, and PCL/HA scaffolds. (b) Static contact angles of the PCL and PCL-

HA/PRF scaffolds.

Compression Test Results

Figure 3 shows the results of the compression
properties evaluation. The compressive modulus of
the PCL-HA scaffold was 67.04+39.67 MPa,
whereas the compressive modulus of the PCL scaf-
fold was 66.17+21.76 MPa, indicating a significant
difference in the strength, as shown in Figure 3 b.

In vitro Biological Assay Results
Cell Attachment and Cell Viability Results
The SEM micrographs of morphological character-
istics of MC3T3-E1 cells cultured for 2 and 3 weeks on
the PCL, PCL-HA, and PCL-HA/PRF scaffolds are
demonstrated in Figure 4. To assess the biocompatibil-
ity of the scaffolds, MC3T3-E1 cells were used as a cell
model. The MC3T3-E1 cells were seeded on the scaf-
fold surfaces. MTT assay and optical density analysis
were used to assess the viability of the cells on the scaf-
fold surface. Figure 5 depicts the viability of MC3T3-
E1 cells on the surfaces of PCL, PCL-HA, PCL-
HA/PRF scaffolds, and control sample. On day 1, cell
viability was 81%, 87%, and 121% for the PCL, PCL-
HA, and PCL-HA/PRF scaffolds, respectively.

Cell Proliferation Results
The MC3T3-E1 cells were cultured on the PCL,
PCL-HA, and PCL-HA/PRF scaffolds to determine
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their proliferation. The CCK-8 test was conducted to
determine the proliferation of the cells (Figure 6). The
optical density of the CCK-8 solution was measured
after the cells were seeded at various time intervals.

—FPCL
——PCL-HA

Va

00 o1 02 ' 03
Strain (mm/mm)

15

Stress (MPa)

8

g

$

Compressive modulus (MPa)
5 8

:

o
I

Figure 3. (a) Stress-strain curves of PCL and PCL-HA scaf-
folds. (b) Compressive modulus of PCL and PCL/HA
scaffolds.

405



Fabrication of PCL-HA/PRF 3D Scaffolds Sina Yal Beiranvand ef al.

after 2 weeks after 3 weeks

PCL-HA/HRF e
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Figure 4. SEM images of MC3T3-E1 cells cultured on the PCL, PCL-HA, and PCL-HA/PRF scaffolds.
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Figure 5. Cell viability of MC3T3-E1 cells seeded on the Figure 6. Proliferation of MC3T3-EI cells on the scaf-
PCL, PCL-HA, PCL-HA/PRF scaffolds, and control sample  folds.
on day 1 of culture.

Real time-PCR Results Runx2 and OCN genes expression was identified in

RT-PCR was employed to evaluate the expression the PCL and PCL-HA/PRF scaffolds, as illustrated
of the genes involved in osteogenesis (Runx2 and in Figure 7. As compared to the PCL-HA/PRF scaf-
OCN) in the cells cultured for 2 and 3 weeks. Com- fold, the changes in Runx2 and OCN genes
paring the PCL, PCL-HA, and PCL-HA/PRF expression caused by the PCL-HA scaffold were mi-
scaffolds to the control sample, upregulation of the nor.
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Figure 7. Relative assessment of osteogenesis-related genes expressions (Runx2, and OCN) in (a) 14 days, and (b) 21 days.

Alizarin Red Staining Results

Alizarin-Red staining is used to identify calcium-
containing osteocytes in differentiated culture of
mesenchymal stem cells (MSCs). Following incuba-
tion of the MC3T3-El/scaffold composite in

Osteocyte Differentiation medium for 14 and 21
days, more noticeable positive staining was observed
on PCL-HA and PCL-HA/PRF scaffolds (Figures 8
b-¢) than on PCL scaffold (Figure 8 a).
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Figure 8. Alizarin Red staining of MC3T3-E1 cells on the scaffolds ((a) PCL, (b) PCL-HA, (c) PCL-HA/PRF). (d) ARS

quantification of mineral content.

Discussion

In accordance with the results of SEM images de-
picted in Figure 1, the strands in the pure PCL-HA
scaffold were larger than those in the PCL scaffold,
resulting in an increase in the average pore size in the
PCL-HA scaffold. Given that the printing speed and
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air pressure were both set to the same value for all
materials, it is assumed that the thickness of the
strands will be governed only by the viscosity of the
material used in the printing. The viscosity should
decrease with increasing temperature and increase
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with an increase in the ceramic filler concentration
and specific surface area (Hanemann, 2008). If the
temperature of all scaffolds is maintained at the same
level, the variance in the strand thickness is related
to the presence of ceramic filler in some scaffolds.
This could explain why the PCL-HA scaffold has
larger material flow strands than the PCL scaffold,
yet the PCL scaffold has thicker material flow
strands. Furthermore, few micropores discovered on
the surface of all scaffolds are expected to increase
cell-scaffold interactions that are advantageous to
the osteogenesis. Moreover, the macropores formed
by the 3D printing process should allow cells to pen-
etrate and stimulate vascularization while also
boosting osteogenesis (Riches et al., 2017). The
presence of HA particles on the scaffolds surfaces
also results in roughness on the surface of the mate-
rial, which may have an effect on the cell adherence.

According to the results of FTIR spectroscopy
shown in Figure 2 (a), the bands of HA and PCL in
the spectrum, confirmed the formation of both com-
pounds in the 3D printed scaffold. The C=0, CO,
and C-H bands were found to be associated with
PCL, whereas the PO}~ band was found to be asso-
ciated with HA. As a result of the formation of
chemical bonds between HA and PCL during the
chemical process, minor displacements of HA-PCL
nanocomposite peaks have occurred in comparison
with pure PCL peaks, which are negligible. The
FTIR spectra of 3D printed scaffolds revealed that
all the constituents preserved their chemical struc-
tures after completion of the production process.

When compared to the PCL scaffold, the contact
angle of the PCL-HA/PRF scaffold surface was dra-
matically lowered to a significant reduction to
15.504+1.57°. As a general rule, hydrophilic surfaces
have contact angles that range from 0° to 30°, and
less hydrophilic surfaces have contact angles that
range from 0° to 90°. Those materials that have a
contact angle greater than 90° are considered hydro-
phobic (Shalumon ef al., 2011). The results showed
that the addition of PRF to the PCL-HA/PRF scaf-
fold resulted in a considerable increase in the
hydrophilicity of the scaffold.

Figure 3 shows the results of the compression
properties. As can be observed, the stress-strain
curves for the scaffolds went through three stages.
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During the initial stage, linear behavior could be ob-
served, which was associated with the elastic
response. The second step, characterized by practi-
cally constant tension, was corresponded to the
collapse of pores under pressure, while the third step
was linked to the densification of the scaffold. The
compression modulus is defined as the slope of the
linear component of the stress-strain curve during
the stress-strain period. According to the results of
the compressive modulus tests, the compressive
modulus of the PCL-HA scaffold was higher than
that of the PCL scaffold. The enhanced compressive
modulus of the PCL-HA scaffold revealed that the
addition of HA particles resulted in improved me-
chanical properties. It is possible that bone healing
scaffolds will be subjected to the severe mechanical
stress after implantation. Therefore, the mechanical
properties of the scaffolds must be taken into consid-
eration. According to the reports, HA functions as a
support and filler in bone, and it has the potential to
become a permanent part of the bone skeleton (Sal-
moria et al., 2013).

The morphological properties of MC3T3-E1 cells
cultured for 2 and 3 weeks on the PCL, PCL-HA,
and PCL-HA/PREF scaffolds were revealed by SEM
(Figure 4). The surfaces of the PCL-HA and PCL-
HA/PREF scaffolds were found to have more cells ad-
hesion than the surfaces of the PCL scaffolds. The
interactions between cells were established in the
pores of both the PCL-HA and the PCL-HA/PRF
scaffolds, with the PCL-HA/PRF scaffold demon-
strating the most dramatic effect of the two scaffolds.
On PCL-HA and PCL-HA/PRF scaffolds, cell adhe-
sion and extension were observed to be great,
however, cells did not disseminate entirely on the
PCL scaffolds.

The viability of MC3T3-E1 cells was determined
on the surfaces of PCL, PCL-HA, PCL-HA/PRF
scaffolds, as well as on the surface of the control
sample. The cell viability in the PCL-HA/PRF scaf-
fold was significantly higher than in the PCL-HA
scaffold and the control sample. There was, how-
ever, no statistically significant difference between
the PCL-HA scaffold and the PCL scaffold. As a re-
sult, the effect of PRF on cytotoxicity of the scaffold
may be less than the effect of HA.
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According to the proliferation assay results, the
OD values of the PCL-HA/PRF scaffold were statis-
tically higher than those of the PCL and PCL-HA
scaffolds, and those of the PCL/HA scaffolds were
significantly higher than those of the pure PCL scaf-
folds, indicating that cell proliferation on the PCL-
HA/PRF scaffolds was better than that on the PCL
and PCL-HA scaffolds. When compared to the
smooth surfaces, rough surfaces frequently promote
the adhesion and proliferation of a variety of cell
types (Shim, Huh and Park, 2013). Because of the
roughness of the strand surface, the surface area of
the scaffold can be increased, which in turn improves
its hydrophilicity (Ma et al., 2017). We discovered
that the strands of PCL-HA and PCL-HA/PRF scaf-
folds had a fairly rough surface when examined
under high magnification SEM (Figure 1 (b, d, and
), whereas the PCL scaffold had a smooth surface.
Figure 4 shows the MC3T3-E1l cells with longer
pseudopodia spread more readily on the PCL-HA
and PCL-HA/PRF scaffolds than on the PCL scaf-
folds, suggesting that the moderately rough surfaces
of PCL-HA and PCL-HA/PRF scaffolds facilitated
more cell attachment and proliferation.

According to the researches, more hydrophilic
surfaces were more suitable for the cell adhesion, mi-
gration, and proliferation than their hydrophobic
counterparts (Wei et al., 2006). Furthermore, the hy-
drophilicity facilitates in the absorption of
fibronectin is essential for the osteoblast adhesion in
vitro (Yang et al., 2004). The static contact angle of
the PCL-HA/PRF scaffolds was significantly lower
than that of the PCL scaffold (Figure 2 b). Thus, the
PCL-HA/PRF scaffold was shown to be the most ad-
vantageous for the cell adhesion and proliferation in
our investigation.

The changes in Runx2 and OCN genes expression
caused by the PCL-HA scaffolds were minor com-
pared to the PCL-HA/PRF scaffolds (Figure 7).
According to Maruyama and colleagues, Runx2 null
mice did not develop any bone formation, showing
that Runx2 is a transcription factor that is essential
for the osteoblast development (Maruyama et al.,
2007). In the post-proliferative period, OCN is ex-
pressed at a high level, which is reached during
mineralization, and accumulates in the mineralized
bone (Liu, Zhang and Li, 2012). According to our
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findings, the addition of HA particles caused high
levels of Runx2 and OCN expression in MC3T3-E1
cells cultured on the PCL-HA or PCL-HA/PRF scaf-
folds, hence encouraging the process of osteoblast
differentiation and bone production. HA in compo-
site  materials has been shown in several
investigations to be able to trigger osteogenesis
(Frohbergh et al., 2014). Furthermore, the relatively
rough surface of the scaffolds may enhance the dif-
ferentiation of MC3T3-El cells into osteoblasts.
Thus, materials with a moderately rough surface
have the ability to stimulate osteogenic genes ex-
pression and osteogenic differentiation in human
bone marrow-derived mesenchymal stromal cells
(hMSCs) (Wall et al., 2009). The results showed that
the surfaces of the PCL-HA and PCL-HA/PRF scaf-
folds were relatively rough, which might result in a
high level of osteogenic differentiation and mineral-
ization in the treated areas.

The production of mineralized nodules is a phe-
notypic marker for the final stage of the mature
osteoblast development (Tian, 2020). After 14 and
21 days of incubation in Osteocyte Differentiation
medium with MC3T3-E1/scaffold composite, more
noticeable positive staining of Alizarin Red was
found on PCL-HA and PCL-HA/PREF scaffolds (Fig-
ures 8 b-c) than on PCL scaffolds (Figure 8 a).
Alizarin Red staining and quantitative analyses (Fig-
ure 8 d) revealed that mineralization of the PCL and
PCL-HA scaffolds was significantly lower than that
of PCL-HA/PREF scaffold, and that mineralization of
PCL scaffolds was significantly lower than that of
PCL-HA scaffolds. The results of Alizarin Red stain-
ing of PCL, PCL-HA, and PCL-HA/PRF scaffolds
were found to be completely consistent with the
trends observed in the cell proliferation and differen-
tiation during the experiment. The Alizarin Red
staining results also revealed that the osteogenic ca-
pabilities of the scaffolds were greatly altered by the
presence of a PRF coating on the PCL-HA scaffold.

Conclusion

The 3D printed PCL-HA scaffold was modified
with Platelet-rich Fibrin (PRF) to create a new PCL-
HA/PRF composite scaffold that was found to pro-
mote improved bone regeneration and accelerated
osteogenic proliferation in the patients undergoing
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patient-specific bone abnormality treatments. The
scaffolds were found to be cyto-compatible and ca-
pable of osteogenic differentiation in vitro, which is
advantageous not only for the bone regeneration, but
also for reducing or preventing the risk of rejection
complications in the reparative bone formation,
which is beneficial for the bone regeneration. It is
necessary to do additional research to discover
whether the current scaffolds enable functional tis-
sue regeneration in vivo.
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