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ABSTRACT

Background: Polycaprolactone (PCL) is a suitable polymer in the field of drug delivery and tissue engineering scaffolds.
Aim of Work: This study aimed to design a Polycaprolactone /Nano hydroxyapatite (PCL/nHA10%) hybrid nanofiber
scaffold and evaluate differentiation of Wharton’s jelly-derived mesenchymal stem cells (WJ-MSCs) to osteogenic lineage
on scaffolds for bone tissue engineering.

Materials and Methods: In this study, PCL/nHA(10%) composite polymeric nano scaffolds were prepared by electrospinning.
Mesenchymal stem cells were isolated from the Warton’s Jelly and cultured in the PCL/nHA 10% scaffold. Biocompatibility
of scaffolds was confirmed by MTT assay. Characterization of umbilical cord mesencymal stem cells were performed using
flow cytometry. The morphological and cell adhesion characteristics of mesenchymal stem cells (MSCs) on the scaffolds were
performed using scanning electron microscopy (SEM) imaging. Finally, the cells were treated with osteogenic differentiation
medium for 21 days to investigate their differentiation potential on the scaffolds and then differentiated cells were stained
with alizarin red and von Kossa stains.

Results: The largest pore size of PCL/nHA (10%) nanofibers was about 22 um. The culture of WJ-MSCs on the scaffolds
showed that the addition of nHA 10% to PCL scaffold caused further attachment and proliferation of the cells. The stained
mineral deposit scaffold with alizarin red and von Kossa were also compared. In both types of staining, nano-composite
scaffold showed higher calcium deposits.

Conclusion: The results showed that the PCL/nHA 10% scaffolds for bone tissue engineering is a good choice, and can be
used for bone tissue repair.
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INTRODUCTION

Every year, millions of people suffer from bone defects
as a result of injuries or bone diseases. The treatment
process of the body in dealing with fractures and large
defects may not function properly and thus, bone grafting
is required. Therefore, given that bone has a high potential
for proliferation, it is suitable for tissue engineering!!!. The
purpose of bone tissue engineering is to provide a method
for the treatment of large bone defects. In bone tissue
engineering, the scaffold must have ossification conditions
and provide a good culture medium for osteoblast cells!?.
Ideal materials for scaffolding should be fabricated
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effortlessly of the desired biomaterials that imitate the
structure and properties of the bone extracellular matrix®!.
Therefore, to improve connectivity, cell colonization,
and increase the efficiency of cultivation, the use of
an appropriate scaffold for bone tissue engineering is
necessary; where in the 3-D culture of cell morphology
is similar to the in vivo condition, resulting in better cell
interactions!.

Stem cells are good sources for tissue engineering
applications. In fact, these cells have become an interesting
therapeutic tool because of their unique features including
the ability to separate easily, broad cultures, high mitotic
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division, and differentiation into specialized cell typesP..
The umbilical cord is composed of a special embryonic
mucous tissue called Wharton’s jelly, lying between the
amniotic epithelium covering and the umbilical vesselst®!.
Stromal cells of Wharton’s jelly have been shown to
possess multipotent properties, and they can differentiate
into different types of cells (e.g., bone cells) in the culture
medium!”. These cells also secrete growth factors that can
affect the proliferation and growth of other cellst®.

Composites of polymers and bioactive ceramics are a
perfect combination for building bone tissue engineering
scaffolds. The 3-D porous composite scaffolds can induce
the ingrowth of a cell to a favorable shape, and may
simplify the vascularization of new generated tissue..

Also, poly-caprolactone (PCL) has been widely studied
in tissue engineering because of its compatibility with most
medications and its solubility in most organic solvents!'®.
Despite the inherent biocompatibility and biodegradability
of polymer PCL in the use of this material in prostheses,
implants, and tissue engineering matrices, a hydrophobic
problem occurs that may result in the production of
external reactions, including inflammation, infection, and
internal lesions in the body. In fact, the lack of functional
groups that directly bind to cell ligands is a problem related
to PCL usel'!l,

Hydroxyapatite (HA) has been used as an implant for
biomedical applications and bone remodeling, especially
due to its biocompatibility, biodegradability, and bony
properties. In fact, HA provides an active level for living
tissue, and during ossification it has the ability to create
cell and tissue junctions. Thus, much attention has been
focused recently on polymer/HA composites'.

The aim of this study was to build a biocompatible
scaffold for the restoration of bone defects. The
electrospinning method was used to fabricate
polycaprolactone / hydroxyapatite (PCL/nHA 10%)
composite scaffolds. Furthermore, the pore structure and
morphology of the prepared scaffolds, cell attachment,
growth capacity, and differentiation of WJ-MSCs into
osteoblasts were investigated. Therefore in this study, we
have investigated the amount of distinction of Wharton’s
jelly mesenchymal stem cells (WJ-MSCs) on the scaffold
using 10% hydroxyapatite in the manufacturing of scaffolds,
but in similar studies, the amount of hydroxyapatite used
is unknown and the sources of the stem cells used are
different.

MATERIALS AND METHODS
2.1. Preparation of PCL / HA Scaffolds

The scaffolds were fabricated via the electrospinning
method!®!.  The materials needed to manufacture
nanofibrous scaffolds include: Pcl (intrinsic viscosity =1.0
dl g—1, Sigma-Aldrich), Chloroform (Merck, Germany),
DMF (N, N-dimethyl formamide, Merck, Germany), and
nHA particles (Merck, Germany). To make the scaffold, the
PCL/nHA polymer was dissolved in Chloroform and DMF

solvent (the ratio of PCL and HA was 10:1 in PCL/HA
polymer solution). The polymer solution was transferred
into the electrospinning machine syringe, activated by
an injection pump and fed through the needle, which
was kept at a high DC voltage (20kV) and the interval of
the electric field was fixed at 20cm. Also, to overcome
the hydrophobicity of PCL polymer and to increase the
percentage of connection of the cell to the scaffold using
the technique of plasma treatment technique, the surface
charateristics of the scafold was changed due to the increase
of cellular concentration. For this purpose, the scaffold was
treated by plasma in reactive O2 plasma for 4min(',

2.2. Evaluation of Scaffold Morphology

Pore size distribution in porous scaffolds was
investigated using Image J software. The surface
morphology of the scaffolds and cell scaffold constructs
were examined by SEM. For this purpose, SEM images
were prepared from the scaffold and the results were
presented in graph. Also, to investigate the morphological
differences of PCL/nHA electrospinning scaffolds with
the single structure of PCL and HA, scanning electron
microscope (LEO1430VP) images were prepared. For this
purpose, the scaffold was cut into small pieces and then
sputter-coated by gold. Finally, it was placed at the place
of the device and the necessary images were taken. The
cell loaded scaffold specimens from the day-3 culture were
prepared for the SEM. For this purpose, the MSCs-loaded
scaffolds were fixed in a 4% paraformaldehyde (Sigma-
Aldrich) solution at 30°C for 45 min, followed by washing
with dH,O, drying and coating with gold. The specimens
were examined with SEM (LEO1430VP) at an acceleration
voltage of 10 kV.

2.3. Study the Water Absorption Property of
PCL/HA Scaffolds

The PCL/nHA scaffold degradation study was
performed in a phosphate buffer solution in a laboratory
environment, and at pH 7.4. The 24 scaffolds measuring
1 x 1 cm? (w,) were weighted. After placing the samples
in ethanol, they were exposed to ultraviolet radiation.
Then they were placed in the buffer and taken out every
five days. After measuring the buffer pH, the surface water
samples were taken with filter paper and the samples were
weighted. The water absorption (W,) percentage was
calculated and plotted using the following equation!'s:

W, %= (w_-w_ )/w, *x100

Where W = soaked weight, W = dry weight of the
scaffolds.

2.4. Scaffold Porosity

The porosity of the scaffold was measured by the
Archimedes principle. According to this principle, the total
porosity, including all the pores in the scaffold, is obtained
from the ratio of the volume of cavities in the scaffold to
the total volume of the scaffold and are often expressed
as percentages. Ethanol and water were selected as fluids.
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Two beakers were filled with 80 ml (V) of ethanol and
water and weighted (mw and me). Then the scaffold was
immersed first in water and then in ethanol while being
placed on a scale. The apparent weight of the scaffold was
measured in water and in ethanol. The total volume of the
scaffold (V,) was obtained by using the product of length
(a), width (b) and thickness (¢) of the scaffold. The volume
of the cavities (V,) was calculated by the third equation.
Finally, the porosity percentage (¢) of the scaffold can be
calculated by placing the numbers obtained in equation
4. All steps were carried out at 25°C. According to the
Archimedes principle, porosity of the scaffold was
theoretically calculated using the following equation:

p,=m /v, p,=m /v
v,=axbxc

v,=(W-w,) /(- )
Porosity (%) = (v,-v,) /v <100

Where, p, is the density of water, p, is the density of
ethanol a, b and ¢ are the length, width and thickness of the
scaffold. W is the water saturated wet mass of the scaffold
and W, is the ethanol saturated wet mass of the scaffold!'*.

2.5. Attenuated Total Reflection - Fourier-Transform
Infrared Spectroscopy (ATR-FTIR)

Structural characterization and functional group
identification was accomplished using the attenuated
total reflection Fourier transform infrared spectroscopy
(wave-number range 4000cm-1 to 400cm-1 with 8cm-1
spectral resolution)!'”.

2.6. Isolation of WJ-MSCs from the Umbilical Cord

Infants' umbilical cords were obtained from Ardabil
Arta Hospital after parental permission was given and
taken to the lab in sterile conditions, inside saline solution.
All the experimental protocols were approved by the Ethics
Committee of Urmia University (AECVU-196-2019). In
brief, to remove cord blood, fresh umbilical cords were
taken and rinsed twice using Hanks' balanced salt solution
(HBSS), (Merck, Germany). The washed umbilical
cords were cut into lcm pieces and Wharton’s Jelly
was scratched out carefully and floated in Dulbecco’s
modified Eagle’s medium with low glucose (DMEM-LG,
Bio-IDEL) containing 10% FBS (GIBCO), 5% penicillin
and streptomycin (GIBCO). The pieces of the cord were
subsequently incubated at 37°C in humid air with 5% CO.,,.
The medium was replaced every three days after the initial
plating, and non-adherent cells were removed by washing.
Fibroblast-like cells appeared after 10 days of cultures!®.

2.7. Flow cytometry analysis
anti-CD90

To confirm the extraction of mesenchymal stem cells,
analysis of flow cytometry was performed. Finally, after
the third passage of cells, 105-106 cells /ml were added
to each vial. Vials containing the cells were blocked with

3% BSA in 1 ml PBS for 30 minutes and then they were
incubated with an appropriate concentration of anti CD45,
CD90 and CD105 antibodies (Rabbit anti- CD45, CD90
and CD105, Abcam, England) for 45 min. The secondary
antibody (goat anti-rabbit FITC, Abcam, England)
was added and incubated for 45 min at 37°C. Then the
suspension was centrifuged and finally, cell suspension
with 200 pl paraformaldehyde (4%) was combined and
flow cytometric analysis was performed on them!’,

2.8. Cell Culture on the Scaffold

After being subcultured for the third passage, the
cells were trypsinized and mixed with DMEMLG. The
nanofibrous scaffolds (PCL/nHA) were carefully cut
into small rectangles and were then sterilized with 70%
ethanol overnight and ultraviolet light for 2h and then
rinsed three times with PBS before being placed in 24-well
culture plates. Next they were put into 24-well plates and
immersed in PBS for 3h. Afterwards, a cell suspension
with a cell density of 5x104 cells mL—1 (cell per ml) was
placed on the scaffold with a micropipette and allowed to
adhere to the surface within 3h before adding the culture
medium. Cells were grown in the 24-well plate. The cell
culture medium was replaced every two days!’l.

2.9. Examination of Cytotoxicity with MTT Assay

The wviability and proliferation of WIJ-MSCs
were determined by 3-(4, 5-Dimethylthiazol-2-yl)-2,
5 Diphenyltetrazolium Bromide (MTT) assay. The assay
reflected the activity of a mitochondrial dehydrogenase
that transforms light yellow MTT into dark blue formazan.
The intensity of the resulting color was determined
photometrically. The cell-seeded scaffolds were maintained
at 37°C under 5% CO, for different time periods. During
the test, the culture medium in the disks was removed and
rinsed by PBS three times and then 200p RPMI11640 (Bio-
IDEL) was added to each well. Next, 20p of MTT solution
(5 mg/mL) was freshly added to the culture wells and
incubated at 37°C and 5% CO, for 4h. The upper medium
was removed carefully and the intracellular formazan was
solubilized by adding 100pL of DMSO (Merck, Germany)
to each well, incubating at 37°C and 5% CO, for 10min.
The absorbance of the produced formazan was measured
at 570nm with an ELIZA reader (URIT-660, China). All
experiments were performed in duplicate, and the relative
cell viability was expressed relative to the control cells.
The experiment was repeated three times, the results of
which are presented as means!l.

2.10. Differentiation of WJ-MSCs into Osteoblasts
on Scaffolds

The third passage of WJ-MSCs was used for the
seeding into the PCL/nHA scaffolds. Prior to seeding, the
scaffolds were sterilized with 70% ethanol overnight and
ultraviolet light for 2h and then placed into 24-well cell
culture plates and treated with PBS. The well-plate was
left in the incubator at 37°C with 5% CO, for 3h. A cell
suspension (20pL) with a cell density of 2x105 cells mL-1
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was seeded evenly into the scaffolds with a micro-pipette.
Osteogenesis medium (growth medium with the addition
of 10nM dexamethasone, 50ug/ml ascorbic acid-2-
phosphates and 10mM-—glycerophosphate, Bio-IDEL) was
applied 24 hours after plating. The medium was replaced
every two days. Osteogenesis was assessed on day 2172,

2.11. Alizarin Red and Von Kossa Staining

To confirm the presence of differentiated mesenchymal
cells, it was necessary to stain the cells after culture
with dyes used specifically for bone cells (day 21). The
staining was carried out on days 7, 14 and 21. In brief, the
cell-nanofibrous scaffolds were fixed in 4% formaldehyde
for 45 min followed by staining with alizarin red
(Merck, Germany) for 8 min. After washing five times with
distilled water, they were examined under a microscope!®*!.
Von Kossa stain was used to quantify mineralization in cell
culture and tissue sections. Briefly, the cell scaffold was
washed with PBS and fixed in 4% PFA solution for 45 min
and cell-nanofibrous scaffolds were stained with 1% silver
nitrate (Merck, Germany) for 45 min under ultraviolet light,
followed by 2.5% sodium thiosulfate (Merck, Germany)
for 5 min. Then cell-nanofibrous scaffolds were rinsed
three times with distilled water checked by an inverse
microscope and photographed*l.

2.12. Statistical Analysis

Data are presented as mean £ SEM. Comparisons were
performed by one way ANOVA followed by Tukey’s post-
hoc test using the SPSS 18.0 software (SPSS Inc., Chicago,
IL, USA). P <0.05 was considered statistically significant.

RESULTS

3.1. Scaffold Surface Morphology Characterization

Electron micrographs prepared from PCL/nHA scaffold
surfaces are illustrated in (Figure 1). Nanofiber scaffold
has a porous structure with interconnected pores and
uniform smooth fibers. PCL/nHA scaffold images showed
the dispersion of HA particles on PCL fibers. Replacing
HA particles on the PCL scaffold led to a rugged and larger
surface where it increases connectivity and broadens the
growth of mesenchymal stem cells in the scaffold surface
(Figure 1).

3.2. Distribution of Scaffold Pore Size

(Figure 2) shows distribution of pores in the
PCL/nHA Scaffold. The graphs show that the pore size in
the composite scaffold is large and according to the data,
the largest scaffold pore size is about 22 pm.

3.3. Water Absorption Properties of PCL/nHA
Scaffolds

The results are presented in (Figure 3) The water
absorption capacity of the scaffolds ranged from 150%
to 280%, which indicated that the pore structure and
composition of the scaffold was the mechanism for water
uptake capacity. Hence, the composite scaffolds induced

higher water uptake in comparison with the pure PCL
scaffold. However, from the tenth day onwards, the water
absorption capacity began to decrease in the scaffold
because of the presence of HA particles at the surface of
the PCL/nHA scaffold.

3.4. Porosity and Scaffold Morphology

According to the Archimedes principle, porosity
of the scaffold is shown in (Table 1). In addition, the
morphology of the nanofibrous scaffold was illustrated
by SEM micrographs. (Figure 1) shows a well fabricated
nano/fibrous porous PCL/nHA matrix, similar to those
of natural ECM. The nano-fiber exhibits a large surface
area, which benefits the good in-growth of cells. Also,
(Figure 1) shows the MSCs attachment and growth on
PCL/nHA electrospun membranes on day 3 of seeding.
From the SEM micrographs it can be observed that the
cells adhered and spread on the surface of the polymer
nanofibers. This is evidence for the cells good interaction
and integration with the surrounding fibers.

3.5. ATR-FTIR

Analysis of ATR-FTIR spectra for nanocomposite is
shown in (Figure 4). The absorption peaks at 570, 600 and
1040 cm-1 correspond to —PO4 group stretching. The peak
at 1723 cm™ corresponds to O-C=0 group stretching in
PCL. In addition, the peaks at 1360—1465 cm™' corresponds
to CH, group in hydroxyapatite and the peaks 2930
and 3400 cm’ are associated with C-H and OH group
stretching, respectively.

3.6. Isolation and Identification of WJ-MSCs

During the primary culture, WJ-MSCs adhered on the
flask surface and the cells presented a small population of
single cells with spindle shapes. Also, in the next steps, the
cells introduced a population of fibroblast-like morphology
(Figure 5).

3.7. Flow Cytometry Analysis

The results are presented in (Figure 6). Flow cytometric
analysis showed that the percentages of CD90 and
CD105 expression are 94% and 90%respectively, and the
percentage expression of CD45 was 2%.

3.8. Scaffold Morphology and Cell Culture on Scaffold

The morphology of the nanofibrous scaffold was
illustrated by SEM micrographs. (Figure 1) shows a well
fabricated nano/fibrous porous PCL/ nHA matrix, similar
to those of natural ECM. The nano-fiber exhibits a large
surface area, which benefits the good in-growth of cells.
Moreover, (Figure 1) shows the MSCs attachment and
growth on PCL/ nHA electrospun membranes on day 3 of
seeding. From the SEM micrographs, it can be observed
that the cells adhered and spread on the surface of the
polymer nanofibers. This is evidence of the cells good
interaction and integration with the surrounding fibers.
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3.9. MTT assay

After cell culturing for 3, 5, and 7 days, the viability
and proliferation of fibroblast cells were determined
by MTT assay. The test showed that more viable cells
existed in scaffolds a week after culture, making them
quite suitable for MSCs growth. After day-7 of the
culture, the value of absorbance was higher than that of
the others days. There is no significant difference between
different groups. However, there is a significant difference
between the different days (P < 0.05). The Comparison of
results between days 3, 5, and 7 showed that on day 7 the
percentage of viability increased significantly compared
to the days 3 and 5. This indicates that the MSCs showed
much better viability on the PCL/nHA scaffold than the
control cells (Figure 7).

3.10. Alizarin Red and Von Kossa Staining

The alizarin red and von Kossa staining was used to
indicate the process of transformation of WJ-MSCs cells
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to osteoblasts and mineralization of scaffolds leading
to the formation of bone. To analyse the mineralization
capability of MSCs, the cells from the second passage
were seeded on the PCL/nHA scaffold, and cultured for
21 days in the osteogenic medium. After 7-14, and 21
days of induction, the differentiated cells were assessed
by staining with alizarin red and von Kossa. At the end
of that time, the formation of mineral nodules in cultures
on PCL/nHA was assessed by alizarin red and von Kossa
staining. The differentiation of human mesenchymal
stem cells seeded in PCL/nHA nanofiber scaffolds are
shown in (Figure 8 A and C). The WJ-MSCs cultured in
PCL/mHA without osteogenic differentiation showed
negative staining to alizarin red and von Kossa. (Figure 8)
show seeded WJ-MSCs in the PCL/nHA scaffold treated
with the osteogenic medium. The images show positive
staining to alizarin red and von Kossa. The result suggests
that WJ-MSC:s differentiates into osteogenic cells with the
presence of mineral deposition.
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Fig. 1: SEM image of (A-B) PCL/nHA scaffold surface, scale bare is 100 and 20 um respectively. (C) PCL/nHA scaffold, scale bare is 200 um. (D) Cell
morphology of WJ-MSCs on the scaffold (three days after seeding). Scale bar is 20pm.
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Fig. 5: Adhered cells in primary cultures of WJ-MSCs. The morphology and growth of cells withan MSC like phenotype after (A) growth of CELL buds from
Wharton’s Jelly, (B) the shape of a fibroblast like a Wharton’s Jelly cell, (C) first passage, (D) third passage. (Photos provided by inverted microscope with
original magnification, x 200 for both panels)
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Fig. 8: Morphologies, alizarin red S and von Kossa staining of cultured
WIJ-MSCs. (Photos provided by inverted microscope with original

magnification, x 200, for all panels)

Table 1: Scaffold Porosity Measurement Results

Parameter PCL / HA Scaffold
Vi 0/06371
V2 0/00446
W1 0/03909
w2 0/03040
Porosity (%) %93
DISCUSSION

A challenge with using scaffolds is the absence of active
functional groups that directly attach to cell ligands. In the
present study, to overcome this problem, plasma treatment
was performed on the scaffold surface. Plasma treatment
is much easier than other chemical methods to improve
the surface of the PCL scaffold®. This treatment can also
induce active functional groups on polymeric PCL chains,
and by reacting with a variety of biological molecules such
as proteins or peptides it can accumulate at the scaffold®!.
Also, adding some functional groups such as HA to the
scaffold substrate increases the absorption of proprietary
proteins. By adding HA particles to the scaffold surface,
specific proteins are absorbed, including fibronectin
and osteocalcin, and the scaffold ability increases the
proliferation and differentiation of MC3T3-E1 cells into
the bonel?”..

The properties of materials are determined by their
structure, and nano-composites exhibit better properties

due to their structural changes, and results have shown
that these properties are due to hydrogen bonding between
the functional groups of PCL and HA. The hydrogen bond
is a weak bond between two molecules resulting from an
electrostatic attraction between a proton in one molecule
and an electronegative atom in the other. This transplant,
which plays an important role, is in many biochemical
reactions and determines the properties of the material®®.
Hydroxyapatite has hydrophilic properties; therefore, the
presence of HA in the scaffold can significantly increase
the water absorption of the PCL/nHA scaffolds®. As
shown in the results, HA particles at the scaffold surface
increased the scaffold hydrophilic properties by increasing
the hydroxyl group in the scaffold, and the hydrophilic
scaffold could then provide a more favorable environment
for cellular connectivity and growth.

Porosity is one of the important parameters in tissue
engineering. Porosity above 80% is considered ideal for
scaffoldst?. The results of the porosity measurements in
this study indicate a decrease in porosity in composite
scaffolds. By increasing the percentage of HA in composite
scaffolds, porosity decreased, which was caused by the
accumulation of HA particles in the cavities of the scaffolds.
However, in all scaffolds with a different HA ratio (10% to
50%), the porosity was above 80%0!. As noted above, the
scaffolds produced by this method have porosities greater
than 90% being related to each other. Apparently, due to
the lower concentration of HA nanoparticles compared to
the scaffold prepared by Suil*?, and also the appropriate
solvents used in the present study, HA had no significant
effect on the porosity of the composite scaffold than the
scaffold alone.

Another very important feature of the scaffolds in this
research is the size of porosity that was created. The size
of the scaffold pores should be within the range that allows
the transfer, penetration, and migration of the cell. On the
other hand, they should not be so large that they reduce the
possibility of interacting with the scaffold.

Moreover, the communication of the pore with each
other in all directions was another important point in the
current study, such that in addition to the two-dimensional
communication of the cell and the scaffold, it created
the possibility of 3-D cellular communication with the
scaffolds and other cells. This issue is important in bone
tissue engineering and achieving this amount of porosity is
one of the unique features of the present study.

To confirm the physical and chemical interactions, the
ATR-FTIR analysis was performed and the presence of the
absorption peak associated with the C = O and OH groups
was confirmed by the presence of a hydrogen bond between
them. On the other hand, the presence of the peak pore of
the PO, group was due to the presence of a nanoparticle
HA is at the level of the fiber.

The cell source used in this study was WJ-MSCs. These
cells are a component of the multipotent stem cellsi®.
A major issue in adult stem cell studies is the lack of
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quick and easy access to cell sources, and in obtaining an
acceptable number of cells. Hence, a part of this study is on
how to isolate mesenchymal stem cells and the concentrated
amount of cellular efficiency of the source of these cells.
Mesenchymal stem cells are highly accessible, have a low
cost, and are culturally expandable in vitro compared to
other sources, such as bone marrow, fat tissue, and so on4.,
Wharton Jelly is located between three different sections of
the umbilical cord, the perivascular, intravascular, and sub
amniotic. Separation of the cell from the umbilical cord
occurs by both enzymatic and non-enzymatic methods. In
this study, because of the low cost and its reliability, the
non-enzymatic method was used”.

Several studies have shown that CD51, CD29, CD44,
CD105, CD73, and CD90 markers are present in umbilical
mesenchymal cells®2¢. In this study, the presence of
CD105 and CD90 markers and absence of CD45 markers
in the umbilical mesenchymal cells was confirmed by flow
cytometry.

In the current study, electron microscope images
confirmed the growth of Wharton’s jelly-derived
mesenchymal stem cells on the scaffolds. Based on
the images, the cells have cytoplasmic frills and natural
morphology, often found in the form of cellular colonies and
they interact with adjacent cells. The results also showed
that based on the morphology of the cells, in addition to
being able to bind and reproduce in nanocomposites,
they have natural conditions. In fact, the presence of
nanoparticles at the scaffold level increased the absorption
of fibronectin and vitronectin from the serum and it led
to integral connections. Such integral connections induced
the rearrangement of F-actin fibers in the cellular skeleton
and increased the cellular response to specialized signals
for proliferation and cellular differentiation®®”,

Diagrams from the MTT test on different days also
showed suitable biocompatibility of the cells in the surface
of the scaffolds. In general, the results of the MTT test
showed that by increasing the time to day 7, the viability of
cells increased significantly compared to days 3 and 5. On
the other hand, some studies have shown HA particles cause
rough surfaces and roughness in the scaffolds that cause
suitable adhesion of the cells on the scaffolds. However,
in the present study it is possible that the magnitude of the
presence of HA at the scaffold surface had a positive effect
on cellular binding.

In this study, the pattern of differentiation of umbilical
mesenchymal stem cells into osteoblast cells was compared
on the scaffolds. One of the changes that were observed
in differentiated cells into osteoblasts, was calcium
sedimentation in these cells, which even at high densities,
bone nodules were formed?®. In this study, the alizarin
red staining converted calcium deposits into red. The
differentiation of cells into osteoblasts was confirmed after
7, 14, and 21 days of treatment. Also, von Kossa coloring
on day 21 showed differentiation of the amount of calcium
deposits; however, staining the cells that were treated

with normal medium for 21 days did not show calcium
sedimentation. Comparison of the coloring results showed
a high degree of differentiation in composite scaffolds
compared to single scaffolds and cellular samples.

CONCLUSION

WIJ-MSC:s at the surface of the PCL/HA10% composite
scaffold show a greater degree of osteogenic differentiation.
Hence, it seems, PCL/HA10% composite scaffolds are
suitable candidates for bone tissue engineering.
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