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In Vitro and In Vivo Evaluation of Osteoconductive
Properties of Novel GelMa/Eggshell-Derived Calcium
Phosphate Composite Scaffold
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ABSTRACT
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GelMa/ES-HA composite scaffold was sucessfully fabricated via freeze-drying process.
The cytotoxicity of composite scaffolds was low after 24 h incubations (The viability of
cells was above 85%). However, the cell viability decreased over time (71.9% after 48
h and 60.0% after 72 h). ALP activity of the cells grown on scaffold samples was
significantly higher than that of polystyrene plates under the same condition (p <0.05).
Also, ALP activity of scaffold samples increased over time. Osteocalcin synthesis for
the cells cultured on the GelMa/ES-HA scaffold was significantly higher than on the
polystyrene plate after 6 days of culture. The results of ALP activity and osteocalcin
synthesis suggest that the bioactive GelMa/ES-HA scaffold improved the development
of a mature osteoblast phenotype. SEM micrographs of the HOS cells grown on the
scaffold after culturing for 3 days confirmed the favorable cells growth of cells on the
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surface of scaffold or between its pores and also formation of calcium deposits.

The histological examination of bone sections showed deposition of osteoid bone in all
studied groups after 1-week and immature bone spicules rimmed by osteoblasts were
observed more clearly in treatment groups. Significant osteoid matrix synthesis and
mineralization accelerated was by early cell differentiation. The number of osteocytes
and osteoblasts as mean values increased during the transition from the 1, 4 to 8 and
12-weeks of healing intervals among treatment groups. While, the Osteoclast
population in treatment groups decreased over time. The production of Osteocalsin,
Osteopointin and Osteronectin in treatment groups significantly increased over time
(p< 0.05). Furthermore, the difference between Osteocalsin, Osteopointin and
Osteonectin production in all treatment group and control groups was significant (p<
0.05) except for the 1 week groups. The maximum Osteocalsin, Osteopointin and
Osteronectin production belonged to 3 months treatment group which were 34.26,
42.43 and 34.26, respectively; which this values for 3 months control groups were
17.49, 14.73 and 14.50.

The results of this study showed that the novel GelMa/ES-HA composite scaffold is a
bioactive, biocompatible, biodegradable bone graft with desired mechanical and
swelling properties and excellent potential for enhancing bone regeneration process
which could serve as a promissing candidate for bone and dental tissue engineering
applications.
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INTRODUCTION

Tissue engineering techniques have been employed to
restore the function of damaged tissues and organs. In most
cases, tissue engineering techniques for many applications
such as cell culture, tissue transplantation and tissue
regeneration are separated from scaffolds that have different
structures, properties and functions [1,2]. Scaffolds can
therefore play a very effective role in tissue engineering
applications by providing optimal 3D space for the proper
transport of nutrients and metabolites for the purpose of
tissue organization. Extracellular matrix molecules or ECMs
including fibronectin, laminin, and their cell surface
glycoprotein receptors are involved in cell migration and
differentiation. In fact, ECM components form the basis of
tissue engineering. Cell dynamics play an important role in
facilitating and organizing many cellular processes. In
addition to the role of scaffolding and attachment for cells,
the ECM also helps to prepare and isolate the growth factors
needed for cells. One of the main functions of a tissue
engineering scaffold is to replicate ECM [3-5].

The importance of using scaffolds in optimizing,
remodeling and repairing the target tissue is that the
primary cells implanted in the scaffolding begin to divide

and fill the implantation area. Binding factors that
accumulate inside the scaffold environment increase cell
attachment and migration, thereby reducing the recovery
time and duration of the period [6-8]. Careful control of the
scaffold structure minimizes side effects such as
inflammation and early enzymatic degradation. Due to the
degradability of these substances, they are no longer
required to be removed in transplant or fetal patients. This
removal should be performed by a re-operation on the
patient, which eliminates the secondary surgery by using
these degradable substances, making the patient more
comfortable and cost effective. These scaffolds are not toxic
to the body and do not lead to an immune response in the
recipient and are compatible with living tissue [9-11.

So far scaffolds have been extensively developed through the
use of natural and synthetic biodegradable polymers. Most
of the synthetic polymers associated with tissue engineering
include polylactide, polyglycolide, poly caprolactone and
their copolymers [11-14]. These synthetic polymers
employed have many obvious drawbacks, such as slow
degradation, hydrophobicity, production of acidic
degradation products, and lack of cell diagnostic sites.

1 European Journal of Molecular & Clinical Medicine, Vol 7, Issue 2


mailto:Jodal.ahmed@hum.edu.krd

Jodal Mohammedamim Ahmed et al., In Vitro and In Vivo Evaluation of Osteoconductive Properties of Novel GelMa / Egg Shell — Derived

Calcium Phosphate Composite Scaffold

Therefore, many natural polymers have been chosen as
substitutes for scaffolds [15-17].

Gelatin methacrylate or GelMa is gelatin-based polymer,
which has recently been widely used in medical engineering
applications including tissue engineering and scaffolding,
drug release and biosensors, due to its good
biocompatibility and degradability [18-22]. GelMa can be
prepared from the reaction of gelatin and methacrylic
anhydride in a neutral medium at 50 °C. After dilution and
dialysis, the gel is eventually freeze and dried. In order to
create hydrogels and crosslink the polymer chains, primers
and UV radiation is required. Conventional initiators
include lithium acyl phosphinate. The concentration of gel
and primer in solution and the amount of ultraviolet
radiation are the main factors in the regulation of hydrogel
properties [18]. Besides the biocompatibility and
biodegradability properties of this material, composites can
achieve other desirable properties such as conductivity and
mechanical properties. The application of hydrogel-based
composites because of their unique properties provides a
promising future for the application of these materials in
medical engineering [23-25]. Therefore, we aim to fabricate
a composite scaffold of GelMA hydrogel and egg shell
derived hydroxyapatite.

Calcium carbonate (calcite) is the main component in
eggshells and is the major inorganic substance found in an
egg and it makes up about 94% of chemical composition of
eggshell. This makes it an essential material for
hydroxyapatite production [26-27].

In this study, the aim is to evaluate the osteoconductive
properties of GelMA/egg-shell hydroxyapatite composite
scaffold via in vitro and in vivo evaluations. The analyses are
performed in terms of osteonectin, osteopontin and
osteocalcin production, ALP activity, cell count and
histopathological analysis.

MATERIALS AND METHODS
2.1 Materials

PBS solution, RPMI, MTT, Dulbecco’s modified Eagle’s
medium (DMEM), Dimethyl sulfoxide, Glycine, NaOH, p-
nitrophenol phosphate buffer (PNPP), Lanthanum chloride,
HCL were provided from Sigma Aldrich, USA). Phosphoric
acid and Methacrylic anhydride were purchased from
Merck Millipore, Germany). Triton X-100 was obtained
from Gibco, Grand Island, NY. L929 human fibroblasts and
OSTEOBLAST-LIKE HOS Osteoblast cells were provided
from Genetic Research Institute, Tehran, Iran.

2.2 Methods

The GelMA/egg-shell HA composite scaffolds from our
previous study were prepared in the form of cylinder with
the diameter of 8 mm and height of 6 mm, and the average
porosity of 250 nm.

2.2.1 Invitro Studies
2.2.1.1 Cytotoxicity Assay

MTT assay was used to evaluate the viability of L929 human
fibroblasts (Genetic Research Institute, Tehran, Iran) in the

presence of composite scaffolds. To do so, cells were seeded
into a 96-well microplate containing composite scaffolds at
the density of 1 x 10* cell/scafolld and stored in RPMI
medium, 37 °C, and humid atmosphere containing 5%
carbon dioxide. The control sample was the cells cultured
with fresh medium. Twenty-four, 48 and 72 hours after
incubation, 10 pl of MTT solution (5 mg / ml) was added to
each well and kept in the incubator again for 4 hours. MTT
solution in living cells were transformed into formazan
crystals, which were then dissolved in dimethyl sulfoxide
creating a purple color. The optical density (OD) at 570 nm
was measured by a microplate reader. The relative
cytotoxicity was calculated as follows:

Cytotoxicity = (1 — %) x 100 6N

Where, a: is the OD of treated cells and a. is OD of cells in
the control group.

2.2.1.2 Alkaline phosphatase activity

Two main markers of osteoblastic differentiation are
alkaline phosphatase and osteocalcin. Alkaline phosphatase
expression of OSTEOBLAST-LIKE HOS osteoblasts was
determined spectrophotometrically. The scaffold samples
were autoclaved and then placed in 400 mL serum-free,
sterile Dulbecco’s modified Eagle’s medium (DMEM)
(Gibco, Grand Island, NY) for 24 h. The samples were
seeded with 1x10° OSTEOBLAST-LIKE HOS Osteoblast
cells (100 IL) and incubated at 37 °C for 60 min. Then, 2 ml
DMEM containing the nutrient F-12 medium (DMEM/F12;
Gibco, Gaithersburg, MD) supplemented with penicillin-
streptomycin and 10% heat-inactivated FBS was added to
the samples. The cells seeded directly on the polystyrene
plates were considered as control. The medium was changed
every day until day 6. Then, the cells were harvested and the
medium were removed and washed twice with PBS. The
cells were detached from the samples by trypsinization.

The detached Cells were lysed and mixed with 0.1 ml 0.1 M
glycine/NaOH buffer (pH 10.2), 0.1 ml 15 mM p-
nitrophenol phosphate (PNPP), 0.1 ml 0.1% (v/v) Triton X-
100 in saline and 0.1 ml double distilled water. Each
supernatant was incubated at 37 °C for 30 min and then 2.5
ml 1 M NaOH was added to each supernatant, and these
were placed in ice to stop the enzyme reaction. The
production of p-Nitrophenol (PNP) by alkaline phosphatase
in the lysate cell was estimated by measuring the absorption
at 410 nm. The slope of the absorbance versus time plot was
used to calculate the enzyme activity.

2.2.1.3 Osteocalcin production

To determine the amount of calcium deposits in the cell
seeded scaffolds, they were hydrolyzed with 6 M HCL and
then diluted with 0.5% (v/v) lanthanum chloride. The
amount of calcium was measured by atomic absorption
spectroscopy.

2.2.2. Invivo Studies

1 mature male Sheep weighting a mean 75 Kg and with
mean age 3-4 years was obtained from Animal house-college
of medicine, Hawler medical university. After sedation and
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followed by giving local anesthesia to the lateral side of the
Pelvic bone of the sheep, the surgical fields was shaved
carefully then sterilized by beta dine (Povidine, iodine).

With a blade no.15 full-thickness incision will be made
through the lateral side of the pelvic bone. The bone deficits

were created according to standard practice. Using an
Implant engine motor with trephine drills, the beds were
prepared to produce holes of 8 mm in diameter and 4 mm
depth the. The placement of the scaffolds was carried out
according to standard practice.

Fig 2: Implantation of scaffolds

Then the muscle tissue was replaced and sutured with Vicryl
in continuous suture (Ethicon, Sa"o Jose” dos Campos, SP,
Brazil), and the superficial suture including the skin
performed with vicryle 4-0 suture. The operated surface was
disinfected with iodine. This process was carried out in one
side of pelvic bone: So that in group A: 4 scaffolds were
placed in pelvic bone, and group B: 4 surgical defects was
done without placement anything.

2.2.2.1 Histology and histomorphometry

After 3 months of healing, the animals were killed under
general anesthesia, as described previously. The calvaria was
removed and immediately fixed in buffered 10%
formaldehyde solution. After fixing, the specimens were
demineralized for 5 days. For paraffin embedding, each
defect then separate into two halves and included in the
same block. From each level, two glass microscope slides
containing two or three sections were prepared. Histological
sections were stained with hematoxilin and eosin.

In order to classify the stages of bone regeneration process

in the H&E image of each group, the following scoring
system was used: Score 1: Fibrous tissue; Score 2: Mainly
fibrous + small cartilage tissue; Score 3: Fibrous tissue +
Cartilage tissue equally; Score 4: Cartilage tissue ; Score 5:
Mainly cartilage tissue + immature bone; Score 6: Cartilage
tissue + immature bone equally; Score 7: Immature bone +
small cartilage tissue; Score 8: Immature bone; Score 9:
Immature bone +mature bone; Score 10: Mature bone.

2.2.3 Statistical analysis and data management

Statistical significance was determined using t-test (SPSS
24). P-values < 0.05 were considered statistically significant.
The experiments were repeated at least three times, and the
data are expressed as the mean =+ standard deviation.
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RESULTS AND DISCUSSION
3.1 Invitro studies
3.1.1 Biocompatibility test

To determine the biocompatibility of composite scaffolds,
the viability of L929 human fibroblasts while incubating
with the scaffolds for 24, 48 and 72 hours was evaluated (Fig.
3). The cytotoxicity of composite scaffolds was low after 24
h incubations (The viability of cells was above 85%).
However, the cell viability decreased over time (71.9% after
48 h and 60.0% after 72 h) which could be attributed to due
to the lack of mass transfer in vitro, so the byproduct of
scaffold remains in the culture medium and decreases the
availability of nutrients and oxygen for the cells. Also the
decrease in the proliferation of cells incubated with scaffolds
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could be because of the quite rough morphology of scaffolds
due to the presence of HA particles. Several studies have
reported that surface roughness could affect cell
proliferation and migration rate. However, the desirable
proliferation and high levels of viability of cells on the
composite scaffold confirmed their good biocompatibility.
Our result was in agreement with a study by Fares et al. [28].
They also showed that IPN GelMA and pectin-g-PCL
hydrogels were cytocompatible in vitro and could support
the growth of three-dimensionally (3D) encapsulated
MC3T3-E1 preosteoblasts in vitro. The simplicity, technical
feasibility, low cost, tunable mechanical properties, and
cytocompatibility of the engineered semi-IPN and IPN
hydrogels highlight their potential for different tissue
engineering and biomedical applications.
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Fig 3: The viability of L929 human fibroblasts while incubating with the scaffolds for 24, 48 and 72 hours

3.1.2 Alkaline Phosphatase Activity (ALP)

Alkaline phosphatase is a cell membrane-associated enzyme
which its intracellular activity is the main indicator of
osteoblastic differentiation [29]. The main effects of ALP are
the regulation of phosphate metabolism and down-
regulation of osteoblast differentiation inhibitors. The
expression and activity of ALP reduce after the beginning of
mineralization which occurs at the later stages of osteoblast

differentiation [30]. Bioactive materials such as ES-HA have
positive impact on the degree of OSTEOBLAST-LIKE HOS
proliferation and differentiation. The ALP activity of
OSTEOBLAST-LIKE HOS cells cultured on polystyrene
plates and GelMa/ES-HA scaffold samples at 6 days is
shown in Fig. 4,5. ALP activity of the cells grown on scaffold
samples was significantly higher than that of polystyrene
plates under the same condition (p <0.05). The significantly
higher ALP activity of OSTEOBLAST-LIKE HOS osteoblast
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cells cultured on GelMa/ES-HA scaffold compared to the
control groups, the cells cultured on the polystyrene plates
confirmed that the scaffold samples were highly bioactive

because they stimulated the early differentiation of
osteoblastic cell.
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Fig 4: ALP activity of OSTEOBLAST-LIKE HOS cells cultured on GelMa/ES-HA scaffold and polystyrene plates after
6 days. The values are represented as the mean + standard deviation of three replicates.

ALP

Fig 5: Fluorescence microscopy images of stained OSTEOBLAST-LIKE HOS cells after culturing for 6 days on the
GelMA/ES-HA scaffolds. Calcein AM stained live cells green.

The significantly higher ALP level of cell cultured on the
GelMa/ES-HA composite indicated that the addition of HA
played a positive role in enhancing osteoblastic cell activity.
Previously, the authors observed the positive role of calcium
phosphates in enhancing ALP activity by osteoblast-like
cells (MG63 and HOS) in a series of systems, such as bulk
ceramics, porous scaffolds, and coatings [31]. In practice,
not only the physical status, such as roughness and
morphology, but also the chemical composition and ionic
release of materials affect the cellular responses [32]. The
rough surface created by the HA addition should affect the
ALP activity of cells adversely, because the authors
previously observed in a TiO.-treated Ti system that a
roughness increase reduced the ALP levels of osteoblast-like
cells (MG63 and HOS). Moreover, the rougher surface was
reported to result in down-regulation of ALP expression by
osteoblast-like and human bone cells [33]. In this respect,
even with the rougher surface in the GelMa/ES-HA

composites affecting the ALP expression uisavorably, the
up-regulation in ALP activity should be attributed to the
ionic interactions between the bioactive HA and cells. To
confirm the enhanced cell functionality, along with the
intracellular assessment (ALP assay), the quantification of
the secretion of bone-associated extracellular matrix
proteins (osteocalcin) by the cells was also undertaken.

3.1.3 Osteocalcin secretion

Osteocalcin synthesis was also investigated as a parameter of
osteoblast differentiation. Osteocalcin, a noncollageneous
matrix protein, which is composed of two glutamic acid
residues has a high affinity for Calcium and is known to
inhibit the growth of apatite crystal both in vitro and in vivo
[34]. Osteocalcin synthesis occurs during the late stages of
osteoblast differentiation. Osteocalcin is a marker of mature
osteoblastic cells (e.g. osteocytes), which actively produce
mineralized tissue [35].
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Osteocalcin  synthesis for the cells cultured on the
GelMa/ES-HA scaffold was significantly higher than on the
polystyrene plate after 6 days of culture (Fig 6,7). The results

of ALP activity and osteocalcin synthesis suggest that the
bioactive GelMa/ES-HA scaffold improved the development
of a mature osteoblast phenotype.

70 A
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0 -

B GelMA/ES-HA

B Polystyrene

Fig 6: Osteocalcin synthesis of OSTEOBLAST-LIKE HOS cells cultured on GelMa/ES-HA scaffold and polystyrene
plates after 6 days. The values are represented as the mean + standard deviation of three replicates.

Merged

Fig 7: Fluorescence microscopy images of stained OSTEOBLAST-LIKE HOS cells after culturing for 3 days on the
GelMA/ES-HA scaffolds. Calcein AM stained live cells green and ethidium homodimer-1 stained the nuclei of dead
cells red.

The results of ALP activity and osteocalcin synthesis suggest
that the bioactive GelMa/ES-HA scaffold improved the
development of a mature osteoblast phenotype. At least
from these findings on enhanced in vitro osteoblastic cell
activity and preliminary mechanical properties, the
GelMa/ES-HA scaffold is suggested to be applicable as a
temporary hard tissue regenerative. Aparnathi & Patel [36]
also showed that Canine Adipose-Derived Stem Cells
(cADSCs) encapsulated in 5% GelMA porous scaffold
demonstrated best morphology and were differentiated
osteogenically. Osteogenic differentiation was affirmed by
the presence of osteo-specific gene expression by reverse

transcriptase PCR in addition to von Kossa staining of the
construct.

This concept was further supported by the observation of
discrete mineralized bone nodules in osteoblast cultures
growing on the bioactive GelMa/ES-HA scaffold. Bone
nodules consist of differentiated osteoblasts, extracellular
matrix, and associated minerals, and their formation
characterizes a late stage of osteoblast differentiation.
Several lines of evidence suggest that their presence is a
good index of osteogenesis in vivo [37].
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3.1.4 SEM observation of cell cultured on the scaffold

Figure 8 (a-d) shows the SEM micrographs of the
OSTEOBLAST-LIKE HOS cells grown on the GelMA/ES-
HA scaffold after culturing for 3 days. The cells grew

Caldbm deposition

\ NP
’C -

>

favorably on the surface of scaffold or between its pores
even though the morphology of pores was complex. Several
calcium depositions are also seen in the SEM micrographs.

Fig 8: SEM micrographs of the OSTEOBLAST-LIKE HOS cells grown on eIMA/ES-HA scaffolds after culture for 3
days

3.2 Invivo studies
3.2.1 Histopathological Evaluation

Evaluation of bone healing in 7 days post-surgery, showed
the defect area filled by delicate and intertwined bone
trabeculae. The neoformed trabeculae contained large
osteocytes and were surrounded by cuboid osteoblasts in all
specimens, which disagreed with histological findings of the
present study at 7 days duration which showed matrix
deposition filled with large numerous osteocytes and
rimmed by osteoblasts, no obvious trabecular formation
could be seen. The histological examination of bone sections
showed deposition of osteoid bone in all studied groups
after 1-week and immature bone spicules rimmed by
osteoblasts were observed more clearly in experimental

groups. Significant osteoid matrix synthesis and
mineralization accelerated was by early cell differentiation.

A small flattened and inactive osteoblasts were detected
overlying the immature bone surfaces in the histological
observations of defects at 1-week period. The number of
osteoblasts as mean values increased during the transition
from the 1, 4 to 8 and 12-weeks of healing intervals among
all groups. It could be explained by the direct action of
applied materials on the differentiating and maturation of
osteoblasts accelerating rate of matrix deposition and its
corresponding  calcification, where osteocytes were
embedded which also showed increasing mean values with
time among groups.
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Treatment 1 week: Score 2

Fig 9: H&E images of tissue sample in tre
As seen in Fig 9, collagen fibers in these groups (treatment
and control group after week 1) are arranged irregularly in
different directions according to the images. Blood cells and
osteoblast cells, are oriented on these collagens. The
boundary between the mature bone and the area where the

Control 1 Month: Score 3

atment

Control 1 week: Score 2

collagen or fibrosis tissue is immature bone or woven bone.
In the 1w group ,there is amount of fibrosis tissue in which
cellular foci are formed and enclosed within the collagen
fibers. The border between the healing point and the normal
bone area is clearly visible.
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Collagen fibers in this group are arranged irregularly in
different directions according to the images. Blood cells and
osteoblast cells, are oriented on these collagens. The

boundary between the mature bone and the area where the
collagen or fibrosis tissue is immature bone or Woven bone.

Treatment 2 Month: Score 6

= e

Fig 11: H&E images of tissue sample~in treatment group a

Collagen fibers orientation, Blood cells and osteoblast cells,
The boundary between the mature bone and the area where
the collagen or fibrosis tissue in the 2 month group in
comparison with control group showed a elevated score. In
damage area much of fibrosis tissue have filled empty spaces
and a little immature bone in some area near the native
bone have produced. The border between the healing point
and the normal bone area is clearly visible, but disruption
was seen in fibrosis tissue near damage area (Fig 11).

In the 1 Month treatment group ,there is amount of fibrosis
tissue in which cellular foci are formed and enclosed within
the collagen fibers. The border between the healing point
and the normal bone area is clearly visible (Fig 10).

Control 2 Month: Score 3

r A ol T ~ 5
i R e S

.

nd control group 2 months post-surgery

The local metabolic activity of bone cells have been seen in
this group in fibrous tissue area. Collagen organization and
the appearance of woven bone between collagen fiber have
been observed more than 1w group, however, vary as a
function of age. Age-related changes in bone architecture
can be easily observed using samples of different simple in
this groups but totally immature bone is produced more
than half of tissue and have filled fibrous tissue area in
border of mature and immature bone.
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Treatment 3 Month: Score 7 Control 3 Month: Score 3

groupnd control grou;i 3 months pést-éurgey

mplein treatment

Fig 12: H&E images of tissue sa

Collagen fibers orientation, Blood cells and osteoblast cells, 1M and 1w groups showed a high score in healing process
The boundary between the mature bone and the area where  and more half of tissue in near damage are was filled by
the collagen or fibrosis tissue in the 3M group in  fibrous connective tissue (Fig 12, 13).

comparison with other experimental groups contain 2M,

80+
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Fig 13: The percentages of bone repair in treatment groups one week, 1, 2 and 3 months post-surgery

3.2.2 Cell population in tissue samples in 1, 2 and 3 months treatment group was significantly
higher than the control groups (Fig 14 b,c,d). The
population of Osteocytes in 1, 2 and 3 months control
The population of Osteocytes in 1 week control and  groups was 23.00, 22.67, 23.00, respectively; while its value
treatment groups was similar, 2433+4.1 and 25.33+1.15, in treatment groups (1, 2 and 3 months) was 30.67, 36.33,
respectively (Fig 14 a). However, population of Osteocytes  40.00, respectively.

Osteocyte cell count
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Fig 14: Osteocyte cell count in Treatment and control group a) one week, b) 1 month, ¢) 2 month, d) 3 month post-
surgery

The Osteocyte cell count in treatment groups increased over  groups (p< 0.05). Also, the difference between Osteocyte
time (Fig 15). Osteonectin production in 2 and 3 months  cell count in 3 months treatment group and 1 month
treatment groups (36.33 and 40.00) was significantly higher  treatment group was significant (p< 0.05).

than that in 1 week (25.33) and 1 month (30.67) treatment

50-
g
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Fig 15: Osteocyte cell count in Treatment groups 1 week, 1, 2 and 3 months post-surgery

Osteoblast cell count months treatment groups was significantly higher than the
control groups (Fig 16 c,d). The population of Osteoblasts in
2 and 3 months control groups was 17.00, 17.67,
respectively; while its value in treatment groups (1, 2 and 3
months) was 22.33, 25.00, respectively.

The population of Osteoblasts in 1 week and 1 month
control and treatment groups was similar, respectively (Fig
16 a,b). However, population of Osteoblasts in 2 and 3
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Fig 16: Osteoblast cell count in Treatment and control group a) one week, b) 1 month, c) 2 month, d) 3 month
post-surgery

The Osteoblast cell count in treatment groups increased over time (Fig 17). Osteoblast cell count in 2 and 3 months
treatment groups (22.33 and 25.00) was significantly higher than that in 1 week (13.00) and 1 month (16.33) treatment
groups (p< 0.05). The difference between Osteoblast cell count in 3 months treatment group and 2 month treatment group
was insignificant (p> 0.05).
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Fig 17: Osteoblast cell count in Treatment groups 1 week, 1, 2 and 3 months post-surgery
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Significant increase in the cell number for the cells cultured
on the GelMa/ES-HA scaffolds implicated that the scaffolds
provided better support for bone cell adhesion and
proliferation. The better support of the GelMa/ES-HA
scaffolds for bone cell culture should be due to the presence
of HA, a known osteoconductive material, and the excellent
hydrophillicity of GelMA. Similar to our results,
Chuenjitkuntaworn et al. [38] showed that PCL/HA
composite scaffolds improved the adhesion and
proliferation of human primary bone cells. In addition, the
presence of HAp particles within the scaffolds may also

facilitate specific adsorption of serum proteins that could
help regulate the adhesion and proliferation of the cells.

Osteoclast cell count

The population of Osteoclast in 1 week control and
treatment groups was similar, 5.000£1.0 and 4.66+0.5,
respectively (Fig 18 a). However, population of Osteocytes
in 1, 2 and 3 months treatment group was lower than the
control groups (Fig 18 b,c,d). The population of Osteocytes
in 1, 2 and 3 months control groups was 5.00, 3.66, 2.66,
respectively; while its value in treatment groups (1, 2 and 3
months) was 3.33, 2.66, 1.33, respectively.
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Fig 18: Osteoclast cell count in Treatment and control group a) one week, b) 1 month, ¢) 2 month, d) 3 month
post-surgery

The Osteoclast cell count in treatment groups decreased
over time (Fig 19). Osteoclast cell count in 2 and 3 months
treatment groups (2.66 and 1.33) was significantly lower
than that in 1 week (4.66) treatment groups (p< 0.05). The

difference between Osteoclast cell count in 3 months
treatment group and 1 month treatment group (3.33) was
also significant (p> 0.05).
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Fig 19: Osteoclast cell count in Treatment groups 1 week, 1, 2 and 3 months post-surgery

3.2.3 Immuno-histomorphometry and fluorescent
characteristics of tissue samples

3.2.3.1 Osteocalsin production

Osteocalsin production in 1 week control and treatment
groups was similar, 12.52+1.5 and 12.93+2.6, respectively.
However, Osteocalsin production in 3 months treatment

Control 1W

Control 1M

| Control2m

Control 3M

group was significantly higher than the 3 months control
group (Fig 20). Osteocalsin production in 1, 2 and 3 months
control groups was 14.99, 15.78, 17.49, respectively; while its
value in treatment groups (1, 2 and 3 months) was 16.99,
19.80, 34.26, respectively.

Treatment1W

Treatment1M

Treatment2M

Treatment3M

Fig 20: Immuno-flourescent images of control and treatment groups after one week (Osteocalsin production)
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The Osteocalsin production in treatment groups increased 1 week (12.93) and 1 month (16.99) and 2 month (19.84)
over time (Fig 21). Osteocalsin production in 3 months  treatment groups (p< 0.05).
treatment group (34.26) was significantly higher than that of
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Fig 21: The percentages of Osteocalsin production in treatment groups after one week, 1, 2, 3 months

3.2.3.2 Osteopointin production compared to control groups (Fig 22). Osteopointin
production in 1, 2 and 3 months control groups was 14.70,
13.64, 14.73, respectively; while its value in treatment groups
(1, 2 and 3 months) was 17.73, 27.70, 42.43, respectively.

After 1 week the production of Osteopointin in control and
treatment groups was similar, 12.95+1.9 and 11.25+3.9,
respectively (Fig 22). However, over time Osteopointin
production in treatment groups significantly increased

Treatment1W

Control 1M Treatment1iM

Control 2M Treatment2M

Control 3mM Treatment 3M

Fig 22: Immuno-flourescent images of control and treatment groups after 1 week, 1, 2, 3 M (Osteopointin
production)
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The Osteopointin production in treatment groups increased
over time (Fig 23). Osteonectin production in 2 and 3
months treatment groups (27.70 and 42.43) was significantly
higher than that in 1 week (11.25) and 1 month (17.73)
treatment groups (p< 0.05). The difference between

Osteonectin production in 3 months treatment group and
the treatment groups after 1 and 2 months was also
significant (p< 0.05).
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Fig 23: The percentages of Osteopointin production in treatment groups after 1 week, 1, 2, 3 months

3.2.3.3 Osteonectin production

After 1 week the production of Osteronectin in control and
treatment groups was similar, 17.65+2.3 and 16.90+3.9,
respectively (Fig 24). However, over time Osteronectin
production in treatment groups significantly increased

Control 1w

Control1M

Control 2M

Control 3M

compared to control groups (Fig 24). Osteronectin
production in 1, 2 and 3 months control groups was 17.37,
14.9, 14.50, respectively; while its value in treatment groups
(1, 2 and 3 months) was 25.66, 29.16, 34.26, respectively.

Treatment 1w

Ireatment 2M

Treatment3M

Fig 24: Immuno-flourescent images of control and treatment groups after 1 week (Osteonectin production)
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The Osteonectin production in treatment groups increased
over time (Fig 25). Osteonectin production in 1, 2 and 3
months treatment groups (25.66, 29.16 and 34.26) was
significantly higher than that in 1 week treatment groups

(16.90, p< 0.05). Also, the difference between Osteonectin
production in 3 months treatment group and 1 month
treatment group was significant (p< 0.05).

osteonectin

Expression of Osteonectin({%)

Fig 25: The percentages of Osteonectin production in treatment groups after 1 week, 1, 2, 3 months

Osteocalsin, Osteopointin and Osteronectin production in 1
week control and treatment groups was similar. However,
over time their production in treatment groups significantly
increased compared to control groups. Furthurmore,
production of these osteogenic factors in treatment groups
significantly increased over time. As mentioned before, the
good osteoinductive propersites of the GelMa/ES-HA
scaffolds could be attributed to the presence of
osteoconductive HA particles, and the also excellent
hydrophillicity of GeIMA and highly porous structure and
the suitable degradation rate of GelMa/ES-HA composite
scaffold.

Altogether, the observations prove that the GelIMA/ES-HA
composite scaffolds can act as excellent bone tissue
engineering candidate which promote great osteogenesis in
defected bone tissue and may have great potential in future
clinical applications.

CONCLUSION

GelMa/ES-HA composite scaffold was sucessfully fabricated
via freeze-drying process. First, the HA powder was
obtained from eggshell waste material. The in vitro cellular
responses to the GelMa/ES-HA composite scaffold were
assessed via cell growth and proliferation (MTT assay),
alkaline phosphatase activity and osteocalcin production
using osteoblast-like HOS cells. The effect of GelMa/ES-HA
scaffold on bone regrowth and regeneration was evaluated
in vivo on a nine months old sheep.

The cytotoxicity of composite scaffolds was low after 24 h
incubations (The viability of cells was above 85%). However,
the cell viability decreased over time (71.9% after 48 h and
60.0% after 72 h). ALP activity of the cells grown on scaffold
samples was significantly higher than that of polystyrene
plates under the same condition (p <0.05). Also, ALP
activity of scaffold samples increased over time. Osteocalcin
synthesis for the cells cultured on the GelMa/ES-HA
scaffold was significantly higher than on the polystyrene

plate after 6 days of culture. The results of ALP activity and
osteocalcin synthesis suggest that the bioactive GelMa/ES-
HA scaffold improved the development of a mature
osteoblast phenotype. SEM micrographs of the HOS cells
grown on the scaffold after culturing for 3 days confirmed
the favorable cells growth of cells on the surface of scaffold
or between its pores and also formation of calcium deposits.

The histological examination of bone sections showed
deposition of osteoid bone in all studied groups after 1-week
and immature bone spicules rimmed by osteoblasts were
observed more clearly in treatment groups. Significant
osteoid matrix synthesis and mineralization accelerated was
by early cell differentiation. The number of osteocytes and
osteoblasts as mean values increased during the transition
from the 1, 4 to 8 and 12-weeks of healing intervals among
treatment groups. While, the Osteoclast population in
treatment groups decreased over time. The production of
Osteocalsin, Osteopointin and Osteronectin in treatment
groups significantly increased over time (p< 0.05).
Furthermore, the difference between  Osteocalsin,
Osteopointin and Osteonectin production in all treatment
group and control groups was significant (p< 0.05) except
for the 1 week groups. The maximum Osteocalsin,
Osteopointin and Osteronectin production belonged to 3
months treatment group which were 34.26, 42.43 and 34.26,
respectively; which this values for 3 months control groups
were 17.49, 14.73 and 14.50.

The results of this study showed that the novel GelMa/ES-
HA composite scaffold is a bioactive, biocompatible,
biodegradable bone graft with desired mechanical and
swelling properties and excellent potential for enhancing
bone regeneration proces which could serve as a promissing
candidate for bone and dental tissue engineering
applications.
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