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Abstract

Recently, a greater interest in tissue engineering for the treatment of large bone defects has been reported. Teeth are the
most natural, noninvasive source of stem cells. Human dental pulp-derived mesenchymal stem cells (HDP-MSCs) offer a
promising source of progenitor cells for regenerative medicine and bone tissue engineering. Scaffolds PLGA and HA stimulate
cell proliferation and differentiation and play major roles in providing growth and nutrition factors in the repair of bone defects. A
total of 18 mandibular defects were made, and three groups (each n = 6) were created. The first group: the transplanted DPSCs
implanted in the critical-sized bone defect after receiving (HA/PLGA) scaffold. The second group received only (HA/PLGA)
scaffold. The third group, which served as the control, had a critical-sized defect left empty. After characterization, Von Kossa
[VK] and Alizarin red staining were employed to identify differentiated osteoblasts at the 14th and 21st days, and histological
analyses, as well as polymerase chain reactions (PCR), were also used. Specimens were collected and evaluated by
microradiology and histological analysis. It showed that DPSCs had high proliferation potential and typical fibroblastic shape.
Additionally, osteogenic differentiation of DPSCs was validated by morphological alterations, histological examination, and the
expression of lineage-specific genes confirmed osteogenic differentiation of DPSCs. High proliferation potential and the capacity

to differentiate into osteoblasts are two characteristics of DPSCs taken from impacted third molars.
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1. Introduction

Bone defects represent a medical and
socioeconomic challenge. Different types of biomaterials are
applied for reconstructive indications and receive rising
interest. Autologous bone grafts are still considered the gold
standard for the reconstruction of extended bone defects.
However, the morbidity of the procedure remains a
drawback that has driven the development of new technical
means to improve the therapeutic effect [1]. Although bone
is a highly vascularized tissue and has the ability to
regenerate, beyond a critical point, clinical intervention
measures are required. It is hoped that bone tissue
engineering [BTE ] will be the future treatment of choice, as
it will likely eliminate many of the pitfalls of current
treatments [2]. In this study, we discuss the status and key
issues for BTE components (i.e., biomaterials, cells,
signaling molecules, and vascularization).  Tissue
engineering [TE] is “an interdisciplinary field of research
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that applies the principles of engineering and the life
sciences towards the development of biological substitutes
that restore, maintain, or improve tissue function." In
contrast to the classic biomaterials approach, it is based on
an understanding of tissue formation and regeneration and
aims to induce new functional tissues rather than just
implant new spare parts [3]. The manufacture of superior
tissue-engineering constructs depends on three basic
elements: appropriate scaffolds to support tissue-cell
regeneration, cytokines, and appropriate seed cells [4]. For a
successful result, all of these single-cell components have to
be combined in a well-coordinated spatial and time-
dependent fashion. Furthermore, all of them should possess
a number of properties and characteristics that make them
suitable for this purpose [5]. To treat large-scale bone
defects, the development of three-dimensional (3D) porous
scaffolds, which act as a template for cell attachment and
stimulate functional bone tissue formation in vivo through
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tailored biophysical cues to direct the organization and
behavior of cells [6]. A critical first step in creating a tissue-
engineered product is choosing the best material for the
scaffold, where the material's characteristics will largely
dictate the scaffold's characteristics [7]. The next step after
the development of an adequate porous structure is the
choice of a reliable source of cells that allows their isolation
and expansion into high numbers. Furthermore, in certain
bone-related diseases, osteoblast cells may not be
appropriate  for transplantation because their protein
expression profile is below the expected values [8].
Mesenchymal stem cells (MSCs) have been demonstrated as
an attractive cell source for tissue engineering applications
because of their ability to be easily isolated and expanded
from adult bone marrow aspirates and their versatility for
pluripotent differentiation into mesenchymal tissues [9].
The adult human dental pulp stem cells (hDPSCs) is the
source of a unique population of stem cells that we have
specifically chosen for this study. These cells can self-
expand and differentiate into mesenchymal-derived cells
such as adipocytes, myotubes, and osteoblasts, the latter of
which can create 3D mineralized woven bone tissue in vitro.
Additionally, we've shown that this tissue undergoes rapid
lamellar bone remodeling in immunocompromised rats
following in vivo transplantation [10].

2. Material and methods
2.1 Animals

A total of 18 New Zealand white rabbits, aged 3
months and with a weight range of 1.5-2 kg, were used in
the present study. All animals were treated humanely under
the ethics approval committee of Minia University. Rabbits
were obtained and housed in cages in a cool room
temperature out of direct sunlight and were protected from
draughts, loud noises, and direct access to radiators in the
animal house at the Faculty of Veterinary Medicine, Sohag
University. Rabbits were fed a commercial pelleted rabbit
diet.
A total of 18 mandibular defects were made and three
experimental groups were formed: [n=6]
Group 1: The bone defect was filled with hydroxyapatite
matrix and polylactic -polyglycolic acid (HA/PLGA)
scaffold implanted with human dental pulp stem cells
(DPSCs) for.
Group 2: The bone defect was filled with HA/PLGA
scaffold only.
Group 3: The bone defect was left empty and served as a
control group
All groups treated for 3 months.

2.2 Ethical consideration

All participants were informed about the practical
steps of this study and signed consent. All experiments were
reviewed and approved according to the guidelines for the
responsible use of animals in research as a part of the
scientific research ethics recommendation of the ethical
Minia University (Approval 22/2/2021: [No. 486].

2.3 Surgical procedure

Every rabbit was fasted for 12 hours prior to
surgery. Throughout the surgical procedure, general
anesthesia was maintained via intramuscular injections of
xylazine (5 mg/kg body weight) and ketamine hydrochloride
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(35 mg/kg body weight) [11]. A lancet was used to make an
external incision in the mandibular base that was about 2 cm
long, allowing for layer dissection. The subperiosteal flap
was then extended to the muscle layers until it reached the
bone. Using a hard drill #702 with a low-speed hand piece
and continuous irrigation of sterile saline solution 0.9%, a
circular critical-size defect measuring approximately 10 mm
in diameter and 3 mm in height was created in all animal
models. Utilizing a keen excavator, the bone tissue was
extracted. Ultimately, the flaps were carefully repositioned
and sutured (Fig. 1) following surgery [12].

2.4Methods
2.4.1 DPSCs Isolation and culture

The procedures that are mainly used by researchers
in order to detect, isolate, proliferate, and differentiate
DPSCs include the following. The teeth of healthy adults
were used to extract human dental pulp. Every participant
had their oral and systemic infections and illnesses
examined before extraction. Only healthy individuals were
chosen for the study. Every participant, who is typically a
patient undergoing third molar extraction, adheres to a
pretreatment plan involving professional dental hygiene.
The dental crown was covered with 0.3% chlorexidin gel for
two minutes prior to extraction in order to lower the
microbial flora. A cylindrical turbine bur was used to make
an incision at the cemento-enamel junction. In less than two
hours, the pulp was carefully extracted using cow horn
forceps and a small excavator while under sterilized
conditions. It was then submerged in culture medium tubes
and moved to the laboratory. The pulp was taken out and
then submerged in a digestive solution (3 mg/mL type I).
After filtration, cells were cultured in a culture medium
usually Dulbecco's modified Eagle’s medium [DMEM]
supplemented with 10% Fetal bovine serum { FBS}, 2 mM
L-glutamine, 100 U/mL penicillin, 100 pg/mL streptomycin,
and placed in 75-cm3 2 flasks with filtered valves. Flasks
were incubated at 37°C and 5% CO 2 and the medium
changed twice a week. Just before cells become confluent,
they could be subdivided into new flasks. The number of
passages reached 3rd passage. Stem cells were reached at
least 3,000,000 per flask. This number was achieved around
day 21, when they were still undifferentiated. Dental pulp
stem cell (DPSCs) will be characterized by flow cytometry
at the third passage through the evaluation of the expression
of the markers that define its phenotype as CD73, CD105,
CD90, CD34, and CD45.

2.4.2 Assessment of Osteogenic Differentiation by Von
Kossa and Alizarin red staining

For in vitro osteogenic differentiation, passage two
DPSCs at a concentration of 5x104 cells were plated in 6-
well tissue culture plates with complete expansion culture
media. When DPSCs cultures became 80%-90% confluent,
the primary culture medium was replaced by osteogenic
induction medium (Osteo life LM-0023, LOT NO 05007)
supplemented with 1% penicillin/streptomycin solution
(Capricorn cat# PS-B, Cat no CP13-1019). Osteogenic
differentiation medium was replaced with fresh media after
every 3-5 days and experiments were terminated after 21
day [13]. The assessment of DPSCs differentiation into
osteoblasts was determined by “Von Kossa” staining.
Briefly, after 14 and 21 days of induction, the osteogenic
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differentiation medium was discarded, and cells were fixed
with 10% formalin for 15 minutes. Cells were stained using
a commercially available Von Kossa staining kit (MASTER
TEC STAIN KITS lot No. AAEWDO005). Stained cultures
were observed by bright field microscopy and images were
captured [14]. In addition to Von Kossa Staining, the
osteogenic induced cultures were also stained with alizarin
red S (Cat no 22889). Differentiated DPSCs were fixed with
10% formalin for 15 minutes and were stained with 2%
Alizarin Red S for 15-30 minutes. Cultures were then
thoroughly washed with deionized water and viewed under
light microscope [15].

2.4.3 HA/PLGA scaffolds Preparation

HA and PLGA (50/50) solutions were mixed (3:1
wi/w ratio) in 0.2% chloroform at 25 °C for 24 h. Once mix
and dissolve HA/PLGA solution was found to be spread on
cylindrical replica mold during 2 h at -20 °C and then
lyophilized. HA/PLGA scaffolds was cut into small
cylinders (~ 9 mm in diameter and ~2 mm in height) which
fit the area of the 24 wells. DPSCs (5 x 105, between
passages 3 to 6) were seeded into the HA/PLGA scaffold
and maintained in DMEM culture medium at 37 °C prior
implementation in the critical sized bone defect of the
animal model [16]. DPSCs when seeded into the HA/PLGA
scaffold can be stored at 4°C for 24 h prior implementation
in the critical sized bone defect of the animal model without
any significant reduction of cell viability.

2.4.4 Polymerase chain reaction (PCR)

To evaluate the expression of lineage specific
genes, polymerase chain reaction was performed. Briefly,
RNA was isolated after day 14 and 21 of osteogenic
induction by TRIZOL (Invitrogen) and cDNA was
synthesized using reverse transcriptase (Wizscript cDNA
synthesis kit) [17]. For PCR, WizPure™ PCR 2X Master
Mix was used. Sequences for the primer pairs and their
product lengths (bp) are given in Table 1:- Euthanasia was
performed by anesthetic overdose (ketamine and xylazine)
at the 3 months postoperative day. Immediately thereafter,
the region of the critical-size bone defect area was removed
and sent to the processing slides needed for further analysis.

2.4.5 Micro-computer tomography examination of samples

After sacrifice, the excised bone samples were
transferred with a damp cloth to the center of [the Ora-scan.
Sohag] for m-CT analysis. The samples were examined with
a micro-computer tomography (m-CT) system (Fan beam
Micro-CT). The micro focus of the X-ray source of the m-
CT system had a spot size of 7 mm and a maximum voltage
of 36 kV. The specimens were placed in a sample holder
filled with water. They were oriented in such a way that the
long axis of the block was parallel to the axis of the sample
holder. A high-resolution protocol (slice thickness of 120
mm, feed of 60 mm, and pixel size of 60 mm) was applied.
Depending on the length of the specimens, up to 180 slices
were scanned perpendicular to the block. In addition, the
ranges and means of the gray levels characteristic of the
scaffold and newly formed bone were determined allowing
reliable distinction between the two tissue types. Finally, -
CT slices were compared with the corresponding
histological slides to verify the reliability of the
discrimination criteria [18].

Ali et al., 2023

2.5 Histopathological analysis

-After the micro-CT measurements, tissue samples
were prepared for histological analysis. The samples were
decalcified in Plank-Rychlo’s solution (MUTO Pure
Chemicals Co., Tokyo, Japan) for 5 days, dehydrated in
graded ethanol baths, and then embedded in paraffin. The
embedded samples were cut into 4-pum-thick sections using a
microtome and stained with hematoxylin-eosin (HE; Sigma,
St. Louis, MO) following standard protocols [19]. Stained
slide images were acquired using a standard light
microscope (Leica DM500, Leica Microsystems, Wetzlar,
Germany) equipped with a SPOT digital camera (Diagnostic
Instruments, Inc., Sterling Heights, MI, USA). In
performing the histomorphometric analysis, four sites were
randomly selected for each slide and the new bone
formation area of each region was calculated using Image-
Pro plus 6.0 software (Media Cybernetics, Silver Spring,
MI, USA).

2.5.1 Immunohistochemistry analysis

Histological specimens (4-um thick) were collected
on silanized slides for better adhesion of the tissue sections
studied and then kept in an oven for 24 hours at 37°C. After
deparaffinization and hydration, histological sections were
marked with a hydrophobic pen and then washed in a Tween
enriched buffer solution twice for 3 minutes. Afterwards, the
sections were immersed in a hydrogen peroxide for 10
minutes and then washed in phosphate buffer solution (PBS)
twice in 3 minutes and finally immersed in inactivate
endogenous peroxidase for 30 minutes. The samples were
incubated with anti-Col-l1 (Santa Cruz Biotechnology,
Dallas, TX, United States) polyclonal primary antibody at
the concentration of 1:100, for 2 hours and afterwards were
washed twice in PBS. They were then submitted to a
secondary antibody (anti-rabbit 1gG) (Vector Laboratories,
Burlingame, CA, United States) at the concentration of
1:200 in PBS for 30 min. After this process, the samples
were washed in PBS three times before application of the
avidin-biotin complex conjugated with peroxidase (Vector
Laboratories, Burlingame, CA, United States) for 45
minutes. Visualization of the bound complexes was
performed with application of 0.05% 3’3 diaminobenzidine
solution, and contrast was given by Harris hematoxylin
(Vector Laboratories, Burlingame, CA, United States). The
immunomarking of Collagen-1 (Col-1) were qualitatively
and semi-quantitatively evaluated. The qualitative analysis
indicated the presence of a brownish immunostaining, and
the semi-quantitative analysis was carried out by capturing
three consecutive fields, using a light microscope (Leica
Microsystems, Wetzlar, Germany). All analysis was
performed by an experienced pathologist in a blind study
[20].

2.5.2 Data analysis

The above data are presented as means + standard
deviations. Data analysis was performed using the SPSS
15.0 software (SPSS Inc., Chicago, IL, USA). The
differences were considered significant when P values were
<0.05 and highly significant when P<0.01 and P<0.001.
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3. Results
3.1 Figure 2 [A-B]

Macroscopic and radiographic images of the
implantation sites at 3 months: After the study period, the
healing of the rabbit mandibular defect was observed
macroscopically and assessed using a micro-computer
tomography in both the treated and control groups.

3.2 Isolation and Characterization of human dental pulp-
derived mesenchymal stem cells of[ DPSCs]

Following 4-7 days in culture, the cells began to
proliferate from the tiny tissue segments and adhere to the
plastic surface. Figure 3 illustrates how adherent cells
formed a monolayer within three weeks of culture, reaching
70-80% confluency after about two weeks. MSCs were
distinguished by their fibroblastic morphology and plastic
adherent characteristics. By using FACS to characterize
them, DPSCs were found to be negative for CD34 and
CD45 and positive for CD90 and CD105.

3.3 Osteogenic differentiation potential of dental pulp
derived mesenchymal stem cells DPSCs

In osteogenic induction medium, after14 and 21 days of
induction, newly differentiated osteoblasts grew in multiple
layers and stained positive for “Von Kossa” as well as
“Alizarin red”, confirming the differentiation of DPSCs into
osteoblasts. Alizarin red staining assay was performed for
detection of the calcium deposits (mineral deposits) chelate
with alizarin forming an alizarin red calcium complex
detected as orange-red staining spots as shown in fig 4.

3.4 Real-Time Reverse Transcription Polymerase Chain

Reaction (RT-PCR) Measures the mRNA Expression

The in vitro osteogenesis of differentiated DPSCs
groups  were determined by the mRNA expression of
RUNX2, ON and COL1. The expression levels of several
genes in groups of differentiated DPSCs were used as
quantitative standards. When cells were seeded on
PLGA/HA scaffolds, the osteoblast-specific transcription
factor RUNX2 displayed high expression at days 15 and 30,
which was significantly greater than in other treated and
control groups [value was around 3.728516 (p <0.05)].
Osteonectin  [ON], another mineralization marker, was
consistently expressed in all experimentally treated groups.
In addition, the PLGA/HA/DPSCs group displayed a greater
expression level (about 3.372864) than the other groups.
Lastly, the differentiated DPSCs groups consistently had
higher collagenl expression than the other groups.
[Approximately 3.56174 (p < 0.05)].

3.5 Histological analysis of bone regeneration

Histological evidence further supported the
radiographic findings, indicating that the specimens of
control group, the bone defect is filled mainly with
connective tissue. In other words, no bony tissue is observed
and only fibrous scar tissue formation is evident after
3months. PLGA/HA scaffold only group exhibited a large
amount of blood clot in the central portion of the defect, and
the presence of small foci of connective tissue in which it
was possible to observe increased formation of immature
trabecular bone at the margins of defects. Furthermore,
PLGA/HA /| +DPSC groups showed nearly complete
osseous closure of the defect, where the newly formed bone
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had typical organized and mature bone morphology with
Haversian systems and noticeable marrow spaces similar to
native bone Moreover, osteocytes are seen in the newly-
formed thickened bone. In addition, considerable numbers
of osteoplastic cells can be seen on the surface of the newly-
formed bone as shown in fig 5 [A-B-C].
Immunohistochemistry was performed to determine
Collagen type | expression levels. Immunohistochemistry
exhibited strong expression in areas of new bone formation
within the defect region from samples treated with the
PLGA/HA/HDPS whereas PLGA/HA staining were visible
but much weaker. Moreover, No obvious positive staining
was observed in the control group as shown in fig 5[D-E-F].

3.6 Morphometric assessment

Area Percentage of new bone formation and bone
marrow in the critical sized of mandibular defects in the four
experimental groups: -The mean and standard deviation
values were calculated for each group in each test. Data
were explored for normality using Kolmogorov-Smirnov
and Shapiro-Wilk tests, data showed parametric (normal)
distribution. One-way ANOVA followed by Tukey post-hoc
test was used to compare between more than two groups in
non-related samples. The significance level was set at P <
0.05. Statistical analysis was performed with IBM® SPSS®
Statistics  Version 20 for  Windows. In the
histomorphometric analysis, histological findings were
confirmed, in which the treated groups presented a more
advanced healing process, demonstrating greater new bone
formation when compared to the control. Group [I]
PLGA/HA/HDPMSCs presented 92.09%, group [lI]
PLGA/HA 65.16% and control group b39.28 %
respectively. A statistically significant difference was found
between (Group 1) and each of (Group II) and (Group I1I)
where (p<0.001) and (p<0.001). Immunohistochemistry
Collagen | results:- Immunohistochemistry Collagen |
represents the semi-quantitative analysis of the Col-I
performed through score. The results showed significant
statistical differences between the amounts of collagen
fibers present in each evaluated experimental group. Control
group presented the highest amount of fibers in the
experimental period (3 months) when compared to group
PLGA/HA/HDPMSCs and group PLGA/HA where
(p<0.001).

4. Discussion

The function of bone tissue engineering in
regenerative medicine has been the focus of intense research
over the last two decades. Technological advancements have
enhanced bone repair surgery procedures and orthopedic
implants [21]. However, advancements in surgical
procedures for bone reconstruction have been hampered by
a lack of autologous materials and donor site morbidity [22].
The use of osteoprogenitor cells and scaffolds that can be
inserted in vivo at the location of the fractured bone has
been recognized as a fascinating prospect for the repair of
critical-sized bone defects, with MSCs currently considered
to be the most suitable candidates for bone tissue
engineering uses [23]. Dang et al., on the opposite hand,
found that using stem cells on scaffolds significantly
improved and accelerated bone healing [24]. A combination
of mesenchymal stem cells and biosynthetic matrix (MSCs)
was used. In the present study, homogenous hDPSCs with

96



1JCBS, 24(11) (2023): 93-104

defined characteristics of MSCs were transplanted with an
HA/PLGA scaffold in the surgical field. We studied the
effect of HA, PLGA, and HDPSCs on bone regeneration and
observed promising results in the accelerated bone
regeneration of large defects in the critical size of
mandibular defects in rabbits in about 3 months. Because of
its desired mechanical characteristics, biodegradability, and
biocompatibility, PLGA is an FDA-approved synthetic
polymer that has been widely employed for in vitro and in
vivo bone regeneration investigations [25, 26]. Even though
pure PLGA is biocompatible, its clinical usage for bone
regeneration is limited by weak osteoconductivity and
inadequate mechanical characteristics. As a result, PLGA is
frequently combined with ceramics [HA] to make it more
biomimetic and capable of enhancing the growth of bones
for tissues engineering and regenerative medical
applications  [27]. Following primary culture, a
subpopulation of cells (DPSCs) with spindle form,
fibroblastic shape, and plastic adherent growth were found.
MSC characterization standards are established by the
International Society for Cellular Therapy (ISCT). These
criteria revealed that the cells in our research exhibited
CD90 and CD105 while being negative for CD34 and
CD45. Previous research [28, 29] found that the CD34
marker was expressed in primitive pluripotent stem cells of
both stromal and hemopoietic origin, and it is widely
considered as a hemopoietic marker for stem cell
populations. in addition, our findings are consistent with
those of Suchanek et al., [30] and Kellner et al., [31].

The main culture medium was changed with
osteogenic induction media when the DPSC cells achieved
80%-90% confluence for 21 days to evaluate their growth
characteristics and osteogenic differentiation ability. They
showed excellent differentiation into osteoblasts. In this
work, we found considerable morphological changes in
induced cultures from fibroblastic to plump and cuboidal-
shaped cells. In addition, newly formed osteoblasts formed
structured ECM with calcium-rich deposits in vitro, as
evidenced by positive staining with "Von Kossa" and
Alizarin Red. The findings agreed with those of Graziano et
al., [32] and Kermani et al., [33]. On days 14 and 21, PCR
was utilized to assess the expression of certain bone-forming
gene markers to investigate DPSC differentiation at the
MRNA level. Over a 21-day timeframe, the transcription
factors RUNX2, osteonectin (ON), and collagen 1 were
upregulated in the monolayer of DPSCs under osteogenic
conditions. RUNX2 was discovered as an early osteogenesis
marker on day 14 and was judged a crucial signal during
osteoblast differentiation from DPSCs. RUNX2 also
stimulates the expression of ON, an osteogenic
differentiation marker. Previous studies assumed that ON is
only produced by mature osteoblasts near the conclusion of
osteogenic matrix maturation; nevertheless, it may be
detected as early as day 14 of osteogenic differentiation.
COL-1 constitutes 90% of the organic matrix. The many
osteolytic changes that occur during bone remodeling and
collagen breakdown contributed to the identification of
COL-1 as a viable bone turnover biomarker. The results we
obtained in this experiment were similar to the results of the
previous two reviewed studies [36, 37], which showed
increased COL-1 production with a dose-dependent increase
in matrix mineralization and were thus recognized as
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specific markers for bone resorption. Osteoblasts deposited
additional woven bone (matrix) into the defect around 2
weeks after the initial implantation. Nonetheless, bone
mineralization or remodeling began only once the shape of
the new bone was adapted to the old tissue [38]. Bone
regeneration and remodeling of treated defects were
monitored by CT radiograph and histology methods. CT
imaging gives three-dimensional data on bone development,
whereas histology can only study a two-dimensional
portion. [39].In this investigation, macroscopic radiography
evaluation revealed the existence of the biomaterial at the
defect site, surrounded by a radiolucent edge in the scaffold-
only group. At 3 months of healing, there was complete
diminution of the radiolucent edge in the bone defects
treated with hDPSCs, clearly demonstrating the shift from
the reabsorption phase to the repair phase during the healing
process. These findings are consistent with the earlier study
[40], which found that the radiolucent edge surrounding the
biomaterial-containing defects indicates an early phase of
bone regeneration in which osteoclasts remove debris from
the bone margins, resulting in greater regions of
reabsorption. The radiolucent margins fade until they vanish
completely, indicating reabsorption impairment and the start
of regeneration. Microscopically, the signals of bone
regeneration were verified. After three months of a
transplant, histological examination revealed that the healing
symptoms of the bone deficiency in the area that received a
combination of PLGA/HA scaffold and hDPSCs improved.
This group was completely regenerated and consisted of
well-vascularized bone with a lamellar architecture around
the Haversian canals, with a much higher cortical bone level
in this area than in the scaffold-only transplant site.
Colorado et al., discovered that PLGA/HA scaffolds with
chemical and physical characteristics improved hDPSC
adhesion, growth, and differentiating towards the osteogenic
lineage and encouraged critical-size osseous defect repair in
vivo when used as an alternative biomaterial with hDPSc-
PLGA/HA scaffold. [41]. Furthermore, in the groups that
only got the PLGA/HA scaffold, a more immature bone was
created. The empty control group, on the other hand,
showed little new bone formation with several unhealed
cavities [newly formed bone marrow]. These findings are
consistent with earlier research. According to Zhang et al.,
Because of its conductive action, HA has been widely used
in bone scaffolds and is frequently used in clinical practise,
either directly or in conjunction with other materials.
Modified HA particles may aid to stabilize the mechanical
properties of PLGA scaffolds by extending the calcium
surface for osteoblast ossification. [42].However, the
findings of our investigation not in line with what the
previous review [43] reported when HA is applied alone in a
critical-size rat defect without the inclusion of stem cells, it
has a higher proportion of marrow gaps and results in less
bone growth than deproteinized bovine bone [DGB]. When
compared to the other groups studied, immunohistochemical
labeling revealed enhanced mature lamellar bone content in
PLGA/HA/hDPSC-treated defects, as well as better
histological feature recovery and high immunoexpression
for collagen type I. This demonstrates that the higher fiber
content led to good tissue quality with optimal support and
structure, facilitating bone mineralization.
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D: Placement of scaffold
HA/PLGA/HDPSC in the surgical
side

B: The mandibular periosteum
Was elevated.

C: Acircle bone segment (3-cm
defect) was removed:

: PIéEeMént of scaffold HA/PLGA/ in

the in the surgical site:

G: Suture by layers with silk 4-0

Figure 1: Methods of surgical procedure

Al A:PLGA/HA/HDPSCs

B: PLGA/HA

¢:-CONTROL

Figure 2: A- The group 1 presented filling of the defect area with tissue of hard consistency, compatible with satisfactory
macroscopic bone healing was observed after 3 months. (B) In the group 1l the defect was partially filled with callus bone, while a
large proportion of the residual scaffold was observed in the defect site at 3 months after implantation. (C) The control defects
presented a soft consistency due to the failure in the ossification and the presence of fibrous tissues at 3 months after implantation.
B- The group 1 presented a more intense radiopaque signal at the lesion site, indicating greater density of newly formed bone and
was difficult to differentiate from the original surrounding bone. (B) In the group |1 the defect presented a more radiolucent defect
filling, indicating a less competent matrix formation for the newly formed bone. (C) The control defects presented a radiolucent

circle inside defect, thus, confirming .The lesion model as a critical bone defect.
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Counts
Counts
Counts
Counts

D CD90PE CD105PE CD34PE CD45PE

A: DPSCs were aultured atday 7, B:DPSCs were cultured at day 14, C:DPSCs were cultured at day 21 and

E: DPSCs were characterized by FACS; they were positive for CDS0 and CD105 AND they were negative
forCD34 and CD45.

Figure 3: Differentiation potential of DPSCs:- A) Controlled, B&C)Von Kossa staining at day 14 and 21 respectively confirming
mineral deposition by newly formed osteoblasts, D) Alizarin red staining at day 21.

Differentiation potential of DPSCs. A) controlled, B, C) Von kossa staining at day 14 and 21 respectiviy, confirming
mineral depostion by newly formed osteoblasts D) alizarin red staning at day 21.

Figure 4: Dental pulp stem cell culture at 4-7 days, B): at two weeks, C): at three weeks, D: FACS; they were positive for CD90
and CD105 and they were negative for CD34 and CD45.
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Figure 5: Photomicrographs of decalcified section in the critical sized of mandibular defect in the four experimental groups after 3 months of implantation.
(A) Control group [empty bone defect showing fibrous tissue scar[F.t] (B) PLGA/HA scaffold only group showing newly formed bone tissue[o.b] with
wide bone marrow spaces[B.M] and new vascularization [v] and HA particles [HA], (C] PLGA/HA/HDPSCs group showing newly formed compact bone
composed of osteon , Haversian canal [H.S] lamellar bone [b.I], osteocyte [O.c] and osteoblast lining the surface of newly formed bone [0.B ]. Coloration:

hematoxylin and eosin (HE), Mag 100x]

Photomicrographs of decalcified section in the critical sized of mandibular defect in the threeexperimental groups after 3 months of implantation. (D)
Control group showed negative immunoreactivity and fibrous connective tissue showed positive immunoreactivity .[C.T] (E) PLGA/HA scaffold only
group showed the newly formed bone in the central areas of the defect, the osteoblasts along the surface [0.B], and osteocytes[o.c] displayed moderately
positive immunoreactivity .Moreover, the connective tissue fibroblasts showed variable staining, [C.T]. (F) PLGA/HA/HDPSCs group showed intense

immunoreactivity in areas of new bone formation within the defect region in the osteoid seam. [Immunohistochemistry of Collagen type 1 Mag 200 Xx].
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Figure 6: Bar chart representing bone formation for the three experimental groups

Table 1: List of used primers and their sequences

Gene symbol Primer sequence
from 5'- 3’
RUNX2 F: ATGCATTTAAGATATGGTTGCC
R: TGGAGTTGGGAAACACTTGA
ON F: CGAGCTGGATGAGAACAACA

R: AAGTGGCAGGAAGAGTCGAA

COoL | F: GATGCGTTCCAGTTCGAGTA
R: GGTCTTCCGGTGGTCTTGTA

GAPDH F: ATCGTGCGGGACATCAA
R: AGGAAGGAGGGCTGGAA

The following PCR conditions were used; denaturation for 5 minutes at 95°C; followed by annealing for 30 seconds at 55°C and
extension at 72°C. PCR products were visualized by agarose gel electrophoresis
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Figure 7: Bar chart representing collagen fibers in the three experimental groups

Our results may be contrasted to those of Pinheiro
et al., and Attia et al., who used HA/-TCP and micro-HA
scaffolds, respectively. They detected an increase in
collagen fiber and HA deposition, suggesting that the
biomaterial caused a response in the healing process. [44,
45].

5. Conclusions

Stem cell therapy is emerging as a revolutionary
treatment modality to treat diseases and injuries, with wide-
ranging medical benefits. According to the present study,
HDPSCs have the ability to develop into more types of body
tissue than other types of stem cells. This difference opens
the door to more therapeutic applications. Also, the existing
research has clearly shown that the third molars of
permanent teeth are a better source for stem cells .
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