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Abstract

The need for bone tissue replacement, repair and regeneration for orthopedic application is constantly growing. Therefore,
the application of cartilage substitute due to the lack of donors as well as biocompatibility leads to immune system rejec-
tion. In order to overcome these drawbacks, researchers have used porous scaffold as an option for bone transplantation. In
this study, poly-lactic acid (PLA) scaffolds were prepared for cartilage application by fused deposition modeling (FDM)
technique and then coated by electrospinning with polyvinyl alcohol (PVA) and hyaluronic acid (HLA) fibers. Hybrid elec-
trospinning (ELS) method was used to produce porous scaffolds from HLA-PVA polymers. The printed scaffold was coated
using FDM technique and the mechanical and biological investigation was performed on the polymeric composite specimen.
The functional group and morphological behavior were investigated using Fourier-transform infrared spectroscopy (FTIR)
and scanning electron microscopy (SEM) techniques. The obtained porous scaffold has hydrophilic properties as the PVA
and HLA were coated on the PLA. The porous 3D-printed scaffold containing PLA/PVA/HLA scaffold does not show any
toxicity in MTT evaluation after 1, 3 and 7 days. The SEM image confirmed the cell adhesion of the chondrite to the scaf-
fold. Also, the mechanical performances of the sample, such as elastic modulus and compressive strength, were evaluated by
compression test. By electro-spun coating, the elastic module of PVA/PLA and PLA/PVA/HLA scaffolds has increased to
18.31+0.29 MPa and 19.25+0.38 MPa. Also, the tensile strength of these two porous scaffolds has reached 6.11+0.42 MPa
and 6.56 +0.14 MPa, respectively. The failure strain of 3D printed PLA scaffold was reported to be 53 +0.21% and this value
was reduced to 47 +0.62% and 42 +0.22% in PVA/PLA and PLA/PVA/HLA scaffolds. The cells’ growth on the porous
scaffolds showed a broad, spindle-shaped and regular shape. The obtained results of the chemical, physical and biological
analyses showed that porous PLA/PVA/HLA scaffold has potential applications in cartilage construction.
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Introduction joint (Sowmya et al. 2020; Pandey et al. 2020; You et al.

2021; Danaboina et al. 2020). The chondrocytes cells can

Articular cartilage acts should tolerate a load-bearing,
shock-absorbing, and function as a lubricant in the joints,
covering the junction of the long bones (Bomhard et al.
2013; Sowmya et al. 2020; Pandey et al. 2020). Cartilage
tissue is covered with synovial fluid, which is rich in oxygen,
nutrients, and encloses the synovial membrane around the
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lead to more cell growth on the cartilage tissue. The inter-
cellular tissue is a thin fiber, called fibrils, and cartilage tis-
sue is very similar to tissues containing calcium ions and
silicate ions. The primary function of cartilage is to control
the structure of surrounding tissues as well as to prevent fric-
tion against external forces (Pandey et al. 2020; You et al.
2021; Danaboina et al. 2020; Chung and Burdick 2008).
Cartilage diseases such as osteoarthritis are among the most
common skeletal diseases due to joint wear among the old
people as well as athletes. Joint injuries lead to pain, fra-
gility, limited mobility, and tissue swelling which needs to
be treated by a surgeon (Danaboina et al. 2020). Articular
chondrocytes proliferate slowly in the external environ-
ment and rapidly lose their differentiation (Park et al. 2004;
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Sakaguchi et al. 2005; Awad et al. 2004; Garcia-Fuentes
et al. 2009). Traumatic injuries, congenital anomalies, and
age-related diseases can lead to cartilage loss. These losses
include a decrease in thickness, cell density, mitotic divi-
sions, a change in the concentration, size and distribution
of proteoglycans. All these changes affect the mechanical
properties of the porous tissue. Therefore, there may be a
need to remedy a damaged cartilage. Many surgical proce-
dures have been performed to solve the problem of cartilage
defects, including debridement or washing of cartilaginous
wounds, abrasive arthroplasty, and autologous chondrocyte
transplantation (Sakaguchi et al. 2005; Awad et al. 2004;
Garcia-Fuentes et al. 2009; Ansari and Alshahrani 2019;
Ansari 2015). However, the problem is the open joint sur-
gery which requires to transplant local chondrocytes [6-9].
In addition, the favorable results of the native chondrocyte
transplantation technique lead to the loss of cartilages in
the body due to an invasive procedure (Garcia-Fuentes et al.
2009). Therefore, due to the high number of patients with
joint injuries in the world and the urgent need for this treat-
ment, it is necessary to seriously study the cartilage scaffolds
in tissue engineering applications. Many researchers study
artificial cartilage tissue as a simple tissue because it is pro-
duced with cell, collagen and ceramic component (Alwan
et al. 2021; Abid et al. 2021; Okamoto and John 2013; Ghah-
ramani and Javanmardi 2021; Ghahramani et al. 2021; Oth-
man et al. 2019). The hydrophilic environment of the extra-
cellular matrix (ECM), due to its negative charge, enables
the tissue to withstand the pressure of swelling against the
compression strength. However, there are no available data
and techniques to treat the cartilage problem and disease
using various compositions with heterogeneous shape. The
geometry of the cartilage substitute is difference in layer
thickness, cell morphology and composition depending on
the depth of the articular cartilage (Ansari and Alshahrani
2019; Ansari 2015; Alwan et al. 2021; Abid et al. 2021).
The cell growth process should be in the direction of tis-
sue regeneration in three dimensions basis (Okamoto and
John 2013; Ghahramani and Javanmardi 2021). Therefore, in
practice, each scaffold must have the ability to introduce spe-
cific biological and mechanical effects in order to improve
cellular behavior. Nowadays, each scaffold is designed based
on the properties of its target texture. Choosing the type and
material of the scaffold is the most important part of the
design and finally the damaged tissue can be replaced. The
porous scaffold in tissue engineering is designed to resemble
an ECM. Many substances, such as agarose, hyaluronic acid
(HLA), poly-lactic-co-glycolic acid (PLGA), poly-lactic acid
(PLA), poly-glycolic acid (PGA), silk, alginate and fibrin,
have been studied by many researchers (Ansari 2015; Alwan
etal. 2021; Abid et al. 2021; Okamoto and John 2013; Ghah-
ramani and Javanmardi 2021; Ghahramani et al. 2021; Oth-
man et al. 2019). Using the following natural and synthetic
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materials can be used to achieve a hybrid porous scaffold
with proper mechanical stability and elastic modulus in
micro- and nano-sized (Okamoto and John 2013; Ghahram-
ani and Javanmardi 2021; Tolou et al. 2013; Zeylabi et al.
2010). In this research, an attempt is conducted to obtain a
biocompatible and efficient scaffold with suitable degrada-
bility using 3D printing technique using PLA which coated
with an electrospinning (ELS) technique by composition of
PVA and HLA. Then, the physical, mechanical, chemical
and biological properties of the scaffold may be discussed.

Materials and methods

A fused deposition modeling (FDM) technique was used
to print PLA polymer with Quantum 3D machine. Also, a
simplified 3D software was used in Science and Research
Center to create a base microarchitecture. The materials
used in this study included polyvinyl alcohol (PVA, 98%
purity, diameter size 100—150 nm) purchased from Merck
company, poly-lactic acid (PLA, 98% purity, diameter size
200-300 nm) provided by Iran Chemicals Company and
hyaluronic acid (HLA, 98%, purity, 100 nm) purchased
from Merck. The constant plate temperature, nozzle tem-
perature 210 °C, and machine speed of 50 mm/s and nozzle
diameter 1.75 mm in the process of 3D printing was set. It
is obvious that for PLA polymer the 3D table temperature
can be varied from 55 °C to 85 °C. Also, the nozzle tem-
perature which melts the PLA filament was set at 210 °C
to 230 °C. The shape was designed in the solid work and
inserted into the simplified 3D software connected to the 3D
printed machine with the STL format. The shape designed
in Solid Works software is in square shape. The designed
model has been used because of its proper mechanical prop-
erties such as compressive strength. The range of variable
print speed increased to 150 mm/s for the machine which
decreases to 50 mm/s in this work. After the 3D scaffold
was prepared, the 3D scaffold coated with PVA and PVA/
HLA fibers. The PVA and HLA used in this study were pur-
chased from Merck Company with high purity. The PVA
polymer solution was prepared in a solution of deionized
water at 80 °C for 4-5 h at concentrations of 8%, 10% and
12% (by vol). After the preparation of composite solution,
the homogeneous solution was gained and its temperature
reached an ambient. Then, HLA at 2% (by vol) was added
to the solution and placed on a magnetic stirrer for 1 h. This
solution was electro-spun at a rate of 0.5 ml/h, a distance
of 12 cm to the collector and a voltage of 180 kV. In this
method, the injection pump was placed horizontally, and it
was connected to a 23-gauge syringe. To induce the load
to the solution inside the syringe, the positive pole of the
power supply was connected to the syringe. In front of the
syringe, a sheet of aluminum (Al) foil was placed on the
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collector, which was attached to a 3D printed scaffold as a
negative pole of the power supply. In this research, an elec-
trospinning device located in the Faculty of New Medical
Technologies was used to make a three-component scaffold.
Finally, the fibers were spun randomly onto the fabricated
PLA structure.

Fourier-transform infrared spectroscopy (FTIR)
analysis

The FTIR analysis was used based on the absorption of radi-
ation and the study of vibrational mutations of molecules
and ions of polymer atoms. Some of the information that can
be obtained from FTIR including qualitative and quantita-
tive identification of organic compounds containing nano-
particles was detected by the type of functional group and
bonds present in the molecules. Also, the FTIR analysis was
performed to consider the functional group behavior of poly-
mers after soaking the PLA/PVA/HLA and PLA/PVA sam-
ple. In order to investigate the surface functional groups, the
FTIR technique was applied (FTIR Ultra shield 400 MHZ,
Bruker, Germany) and in the range of 4000—400 cm™' and
2 cm™! resolutions.

Scanning electron microscopy (SEM) analysis

The SEM images were used to investigate the surface and
morphological properties of the fabricated nanocompos-
ites. The samples were cut to 1 X 1 cm dimensions and were
covered with gold to increase the electro-conductivity. To
evaluate the diameter size and determine the average fiber
diameter, 30 sheets of SEM images were selected which
measured using Image-J software for porosity evaluation and
their standard deviation (+ SD) was reported.

Mechanical properties of the 3D printed scaffold

The mechanical properties of the 3D printed scaffolds coated
with electro-spun technique were investigated according to
the ASTM D882-10 standard to understand the stress—strain,
elastic modulus (slope of stress—strain curve), and the max-
imum compressive strength value. The tensile strength
machine set for this test was an Instron and the sample size
was 10 and 30 mm with 10 mm/min speed rate until the
fibers were broken up. The test was repeated three times to
obtain more valid data and mean standard deviation.

Hydrophilicity of printed scaffolds coated
with fibers

The hydrophilicity of the sample was measured by determin-
ing the contact angle (wettability) of the water drop on the
surface of the fiber. In the evaluation, the sample was placed

on a flat surface and a drop of water with a volume of 4 uL
was put on the surface of the scaffold. After 20 s, the drop
was fixed on the sample and its surface was photographed
by a digital camera placed on the device.

Evaluation of degradability of coated 3D printed
scaffolds

The specimen was evaluated for weight loss changes accord-
ing to the ASTM-F1635 standard with size of 1 X1 cm in the
5-10 mL of phosphate buffer saline (PBS) solution (pH7.4
and T=37 °C). To measure the weight of the dry and wet
samples inside the PBS, the samples were kept in the oven
for 24 h. The weights of the samples were measured three
time and recorded based on the following formula.

. Wz B Wd
Weightloss(%) = W % 100 (1)

t

where W, is the dry weight of the sample before immersion
in PBS solution and W, is the dry weight of the sample after
soaking in PNS solution.

Chondrocyte cell culture

In this study, Arabbit articular cartilage chondrocytes
(RACC) were purchased from Pasteur Institute of Iran.
The chondrocytes were cultured in a cell culture flask with
DMEM-F12 medium containing 9% Fetal Bovine Serum
(FBS) solution and 1% antibiotic (Pen/Str), and the cell-
containing flask was incubated in a humid atmosphere con-
taining 5% CO, at temperature of 37 °C. A positive control
(chondrocyte cell and culture medium) was considered to
compare the cell growth rate. The UV-sterilized scaffolds
were transferred to a plate with 24 wells and 10* cells/100
pL of culture medium. After 1 day, 3 days and 7 days, the
adhesion of cells was assessed by MTT method.

MTT assay

At first, the supernatant was removed and the cells were
washed twice with PBS solution. Then, 400 pL of culture
medium was added to each well and 40 pL of MTT solu-
tion was poured inside each. The plates were then placed
in an incubator for 4 h. At the end of the incubation period,
the culture medium was slowly drained. In this study, 400
pL of dimethyl sulfoxide (DMSO) was added to each plate
and after pipetting several times, 100 pL was transferred
from each house to plates, and then using ELISA reader,
at a wavelength of 570 nm, based on reduced yellow tetra-
zolium salt, the intensity of light absorption was read. The
color of MTT in the mitochondria of living cells changed
from yellow to purple, and the concentration of the dye was
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a measure of the amount of living cells according to the
ISO-10993-5 standard. In order to evaluate the adhesion
and morphology of the cells, after 3 days of incubation of
the cells on the scaffolds, the culture medium of the sam-
ples was emptied. A 3% glutaraldehyde solution was made
using distilled water. Then, 500 pL of the solution made in
each well of the sample, and incubated for 1 h. Next, it was
washed with PBS and diluted with 50% to 100% alcohol.
Finally, samples were kept in 100% alcohol to prevent any
oxidation before observation by SEM. In order to use SEM
image, due to the limitation of the sample in terms of dry-
ness, the samples were placed in the oven to completely dry
for proper gold coating.

Statistical studies

All tests were evaluated using SPSS software to examine
statistical differences between different scaffold groups and
one-way analysis of variance was selected for this purpose.

Result and discussion

Figure 1 shows the microscopic shape of a printed PLA scaf-
fold with the electro-spun PVA/HLA solution in the first 5 s.
The 3D printed scaffolds coated with PVA/HLA nanofibers
had the dimension of 277.2 +27.5 pm. The scaffolds coated
with PVA/HLA electro-spun fibers were placed between the
printed fibers. The PVA with different concentrations of 8%,
10% and 12% was used for ELS technique. Using the ELS
technique at 8% concentration was associated with droplet
spraying. The diameters of 10% and 12% PVA nanofibers
were 265 +29.38 nm and 389.22 +12.38 nm, respectively.

Fig. 1 Microscopic image of 3D
printed PLA scaffold and PVA/
HLA electrospun on printed
PLA scaffold in the first 5 s

The porosity of these electro-spun fibers was about
18.21 +£0.12 and 23.42+0.19, respectively as shown in
Table 1. As the concentration of PVA increased, the viscos-
ity also increased which resulted in an increase in fiber diam-
eter and a decrease in porosity. In addition, the fibers had
beads in their microstructure, which made the structure of
the fibers non-uniform. Therefore, a specific amount of 10%
PVA polymer was used as a best solution. Several studies
show that in ELS, the fiber diameter depends on the viscos-
ity and electric charge of the solution. In addition, as the
viscosity increases, the fiber diameter increases proportion-
ally. The use of 2% (by vol) HLA in the structure of electro-
spun fibers with PVA causes the diameter of electro-spun
PVA fibers (10%)/HLA to increase from 265 +29.38 to
312.4+31.09. This increase in diameter can be due to the
addition of HLA in the PVA solution, which leads to an
increase in electric charge on the surface of the liquid drop-
lets (Othman et al. 2019). Figure 2 shows the morphology
of the electro-spun fibers containing PVA (10%), PVA (12%)
and PVA (10%)/HLA on PLA printed scaffold. Figure 3
shows the FTIR spectrum of PLA including CHj; tensile
vibrations at 2829 cm™! and 12,932 cm™! peaks. Also, the
OH tensile vibrations are observed in 3501 cm™! and
3667 cm™! (Halim et al. 2020). The tensile vibration C=0
also appears in 3501 cm™!. The carbonyl tensile band is
specified in 1740 cm™! and the characteristic C-O tensile
band is specified in 1010 cm™! (Halim and Ismail 2018).
Regarding the FTIR, spectrums of PVA polymer have inter-
molecular and intramolecular hydrogen bonds (O-H), whose
peaks appear within the range of 3550-3200 cm™'. Peaks
between 2840 cm™! and 3000 cm™ are observed as a result

of C-H tensile bonding of alkyl groups (C,H,, ) (Nabishah
et al. 1990). Asymmetric C—H asymmetric tensile vibration

Table 1 Properties of electro-

Sample Elastic modulus (MPa) Tensile strength (MPa) Strain break (%)
spun PVA and PVA/HLA
nanofibers PLA 17.23+£0.45 5.56+0.34 53+0.21
PLA/PVA 18.31+0.29 6.11+0.42 47+0.62
PLA/PVA/HA 19.25+0.38 6.56+0.14 42+0.22
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Fig.2 Electrospun fibers a PVA
(10%), b PVA (12%) and ¢ PVA
(10%)/HLA on PLA printed
scaffold

band occurs at 2926 cm™!. Also, the sharp peaks in
1717 cm™" and 1570 cm™" are due to the presence of the
carbonyl group. The sharp band at 1091 cm™" corresponds
to the C-O tension of the steel group present in the PVA
structure. The peaks shown in 1432 cm™' and 1330 cm™!
show CH, flexural vibrations (Wardani et al. 2019). The
FTIR analysis of the HLA shows that the peak of 1048 cm™!
is attributed to the C—O—C tensile bond in HLA. The absorp-
tion peaks at 1414 cm™! and 1614 cm™! are assigned to the
symmetric and asymmetric tensile vibrations of carboxylic
groups (Kaur et al. 2018). Also, characteristic bands C=0
in 1603 cm™', amide bond in 1554 cm™!, CH tensile bond in
2886 cm™!, CH flexural bands in 1405 cm™!, 1374 cm™!, a
weak-OH bond in 1312 cm™! and CN tensile bond were
recorded at 1248 cm™! (Yang et al. 2018).Table 2 shows the
mechanical properties of 3D printed PLA scaffolds, PLA
prefabricated scaffolds coated with electro-spun PVA
nanofibers and PLA prefabricated scaffolds coated with
PVA/HLA electro-spun nanofibers. Increasing the elastic
modulus leads to an increase in the tensile strength of the
specimens while reducing the fracture strain and decreasing
the average fiber size as shown in Table 2. The elastic modu-
lus and tensile strength are reported to be 17.23 +0.45 MPa
and 5.56 +0.34 MPa, respectively. By coating the electro-
spun fibers, the elastic modulus of PVA/PLA and PLA/PVA/
HLA scaffolds has been increased to 18.31 +0.29 MPa and
19.25 +0.38 MPa. Also, the tensile strength of these two
scaffolds has reached 6.11 +0.42 MPa and 6.56+0.14 MPa,
respectively. The failure strain of 3D printed PLA scaffold

was reported to be 53 +£0.21% and this value was reduced to
47+0.62% and 42 +0.22% in PVA/PLA and PLA/PVA/
HLA scaffolds. The obtained results indicated that despite
the coating of 3D printed PLA scaffolds with electrospun
PVA and PVA/HLA nanofibers, a significant increase in the
elastic modulus of the scaffolds was observed. The thickness
of PVA fiber scaffolds produced by this composition is about
37 pm. In addition, an ideal scaffold should have mechanical
properties in accordance with the anatomical location in
which it is implanted. The architecture of the 3D scaffold
should be strong enough to allow surgery to be implanted
(Hein et al. 2020). This study shows that the PVA matrix
produced is able to create mechanical stability in the porous
scaffolds. A proper scaffold for tissue engineering should
have a high hydrophobicity which plays an important role in
cell survival, cell growth and proliferation. In this study, the
hydrophilicity of the porous coated scaffolds is measured
using the wettability method. In this article, water contact
angle test was performed for three samples, such as PLA,
PLA/PVA and PLA/PVA/HLA scaffolds, according to
Fig. 4. Based on previous studies, PLA is a hydrophobic
polymer with low hydrophilicity which is due to the pres-
ence of methyl groups in the polymer microstructure of PLA
polymer. The obtained results of this study demonstrated
that the average water contact angle droplets are about
126.2 +£28.79°. Although, PLA polymer is a degradable
polymer, its applications in synthetic tissues and organs are
limited due to its hydrophobicity, which may lead to weak
cell binding (Margiana et al. 2019). As PVA is a hydrophilic
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Fig.3 FTIR spectrum of PLA
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Table 2 Investigation of mechanical properties of PLA and PVA/PLA
and PLA/PVA/HLA scaffolds 180
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Sample Average fiber diam-  Average inter-fiber .g 20
eter (nm) pore size (micron) -g
g w0
PVA (10%) 93.21+612 0.284+1.734 2 8o
«
PVA (12%) 108.11+428 0.401+3.186 S 60
<
PVA (10%)/HLA 37.45+382 0.308+3.674 ‘é 40
e 20
o

synthetic polymer, it is expected that by coating the 3D
printed PLA scaffold coated with electrospun PVA fibers,
the contact angle with water may be reduced, which con-
firms this statement and the average contact angle is reached
to74.38 £31.45°. On the other hand, HLA is also hydro-
philic by nature that coats the surface of PLA scaffold which
leads to a decrease in contact angle and increases in hydro-
philicity of the scaffold. In fact, HLA has a complex chemi-
cal structure with amine, hydroxyl and carboxyl groups,
which leads to higher molecular polarity of the scaffold
(Kianfar 2019; Ghadirinejad et al. 2021; Kim et al. 2008;
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PLA PLA/PVA PLA/PVA/HA
| —

Fig.4 Contact angle of the PLA, PLA/PVA and PLA/PVA/HLA
scaffolds

Park et al. 2019; Sun et al. 2021; Karbasian et al. 2021; Raisi
et al. 2022; Du et al. 2021; Cheng et al. 2021). Also, the
contact angle of PLA/PVA/HLA scaffold was reduced and
reached 61.21 +21.52° using CCD camera. The pH changes
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of the 3D printed PLA scaffold in PBS solution were exam-
ined after 8 weeks (pH 7.4). Figure 5 shows no change in the
pH of the solution in the first 5 weeks. After 6 weeks, the pH
of the solution decreased and the pH reached 6.8. In other
words, the PLA scaffold was partially failed and at the end
of the 8th week, the pH of the PBS solution reached 6.7. It
should be noted that the highest pH changes lead to more
destructive event. According to Fig. 6, the 3D printed PLA
scaffold lost 15% of its weight at the end of the 8th week
when the 3D printed PLA scaffold lost an 8% of its weight
in the 6th week by about 12% as shown in Fig. 6. In other
words, it can be concluded that in the acidic environment,
more degradation occurred in the 3D printed PLA polymer.
Figure 6 shows that comparison of the two scaffolds PLA/
PVA and PLA/PVA/HA, the destruction was done more
quickly and at the end of the 8th week, these two scaffolds
lost 39% and 48% of their weight, respectively. Several
research studies show that the first degradation mechanism
occurs by water absorption process (Raisi et al. 2020; Iran-
manesh et al. 2021; Jamnezhad et al. 2020; Salmani et al.
2020b; Bagherifard et al. 2020; Salmani et al. 2020a; Sahm-
ani et al.2019; Aghdam et al. 2020; Shirani et al. 2020;
Esmaeili et al. 2019; Khandan et al. 2020; Li et al. 2021;
Abasalta et al. 2021; Bagher et al. 2020; Murphy et al. 2020;
Razeghian et al. 2021; Jiang et al. 2020). After soaking the
samples in PBS solution, the polymer chains begin to
weaken due to the separation of the polymer matrix and
chemical instability in which the chain is small enough to
destroy and begins to decompose (Foroutan et al. 2021).
Since, PVA is a hydrophilic polymer, using PVA as coating
with electro-spun technique to coat PLA leading to more
damage to the scaffold. The 3D printed scaffold made of
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Fig.5 pH change of PBS solution used for degradation evaluation of
PLA porous scaffolds
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Fig.6 Degradation diagram of printed PLA, PVA/PLA and PLA/
PVA/HA scaffolds

PLA and coated with PVA/HLA leads to more quick degra-
dation rate of the samples. Figure 7 shows the MTT diagram
of the sample PLA, PLA/PVA and PLA/PVA/HLA scaffolds
without any toxicity compared to the control sample. The
chondrocyte cell growth studies showed that better result on
3D printed scaffolds was observed. The MTT experiment
showed that the lowest metabolic activity was related to the
3D printed scaffold containing PLA sample. According to
the MTT results, it can be said that during the whole experi-
ment, the results were consistent with the cell proliferation
method. The scaffold cells containing nanofibers showed
greater metabolic activity and more cell proliferation. Kim
et al. (2008) fabricate a 3D printed PCL scaffold, and a
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Fig. 7 Diagram of MTT assay on PLA, PVA/PLA and PLA/PVA/HA
scaffolds after 1, 4 and 7 days of cell culture (P <0.05)
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sample coated with PCL nanofibers, the MTT test showed
that chondrocytes survived longer on the 3D printed nano-
composite scaffold. These obtained results indicated that the
nanofiber architecture can provide a good matrix containing
proper adhesion of chondrocyte cells. This would promote
rapid and stable tissue formation through cell attachment,
cell growth and proliferation (Kim et al. 2008). The MTT
test and cell adhesion were performed on two scaffolds PLA/
PVA and PLA/PVA/HLA after 3 days. Figure 8 shows the
chondrocyte cells growth well on both scaffolds and the

Fig.8 Chondrocyte cell adhe-
sion of PLA/PVA and PLA/
PVA/HLA scaffolds

Amirkabir University

Fig.9 3D printed PLA scaf-

folds, a porosity size 500 um,
b porosity size 700 um and ¢
porosity size 900 um. (Scale

bar: 1 um)
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chondrocytes adhering to the scaffolds which were com-
pletely stretched. The prepared sample using FDM technique
made of PLA coated with PVA/HLA has more hydrophilic-
ity, and expected that the cells may show more adhesion on
their surface layer compared with the PLA/PVA scaffold.
Park et al. (Dong et al. 2021) confirm the role of HLA in the
growth, proliferation and adhesion of chondrocytes. The
three porous scaffolds with porosity sizes of 500 pm, 700 pm
and 900 pm are shown in Fig. 9. According to the results,
printed PLA scaffold with lower porosity percentage has
higher compressive strength.
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Conclusion

A novel 3D porous scaffold made of PLA was fabricated
using FDM technique and coated with electro-spun method
containing PVA/HLA nanocomposite. The prepared scaf-
fold demonstrated various positive qualities, including
controlled pore size, mechanical properties, improved
chondrocyte cells attachment and proliferation. It has been
found that PLA/PVA/HLA nanocomposite scaffold exhib-
ited good cell growth behavior and increased ability for
cell attachment. Therefore, the new 3D printed composite
scaffold coated with ELS nanofiber with potential applica-
tion can be a suitable candidate for tissue engineering with
excellent mechanical, surface wetting, and cyto-compati-
bility properties. By coating using electro-spun, the elastic
module of PVA/PLA and PLA/PVA/HLA scaffolds has
been increased to 18.31 +0.29 MPa and 19.25 + 0.38 MPa.
Also, the tensile strength of these two porous scaffolds
has reached 6.11 +0.42 MPa and 6.56 +0.14 MPa, respec-
tively. The failure strain of 3D printed PLA scaffold was
reported to be 53 +0.21% and this value was reduced to
47 +0.62% and 42+ 0.22% in PVA/PLA and PLA/PVA/
HLA scaffolds. The use of 2% (by vol) HLA in the struc-
ture of electro-spun fibers with PVA causes the diameter
of electro-spun PVA fibers (10%)/HLA to increase from
265 +29.38 t0 312.4+31.09.
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