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ABSTRACT

Aims: The regeneration prospects of human bone seem to be confined due to different systemic
and environmental conditions that may affect many patients. This work aimed to evaluate the
biocompatibility and osteogenic potential of the prepared novel nano-bioactive glass including
zirconium (NZBG) in-vitro and in-vivo studies.
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Study Design: The novel nano-bioactive glass (NZBG) was fabricated by sol- gel rout for the
development of bone tissue replacement.

Place and Duration of Study: NZBG: Faculty of Oral and Dental Medicine Dept. (Cairo University),
Medical molecular genetics Dept. (National Research Centre (NRC), Prenatal diagnosis and fetal
medicine Dept. (National Research Center) and Ceramics Dept., Biomaterials group (National
Research Center) between June 2015 and July 2017.

Methodology: The novel nano-bioactive glass (NZBG) was fabricated by sol- gel rout for the
development of bone tissue replacement. The prepared nano-bioactive glass (NZBG) was
characterized by Photo correlation spectroscopy (PCS), transmission electron microscope (TEM),
X-ray powder diffraction (XRD) and Fourier Transform infrared spectroscopy (FTIR) before the in-
vitro and in-vivo studies. The in-vitro evaluation of nano-bioactive glass NZBG was obtained
through seeding human osteogenic cells from amniotic fluid derived stem cells on NZBG disks in
culture for different time periods, 7 and 21days. The cultures were examined for mineralization
by Alizarin Red Staining. The in-vitro mineralization was evaluated by scanning electron
microscopy- X-ray microanalysis (SEM- EDAX) test.

The in-vivo evaluation was done on thirty adult rabbits weighing between 2 kg and 2.5 kg. Two
holes in each tibia, with a diameter of 2 mm were prepared. One of them was left without treatment
as control group and the other was filled with NZBG bioactive glass. The animals were euthanized
after 1, 2 and 3 weeks. The defects were examined histologically by H&E, histochemically by
Masson's trichrome stain and histomorphometrically.

Results: The in-vitro examination showed the enhanced osteoblastic proliferation over the NZBG
bioactive glass disks and clusters of bone like apatite mineralization in multilayer
arrangements that increased by time. While the in-vivo study demonstrated well and proper
healing of the defect filled with NZBG bioactive glass regarding the bone quality and quantity in
comparison to the control group.

Conclusion: An enhanced biocompatibility and faster osteogenesis with the prepared NZBG
bioactive glass. This is meaning the prediction good potential applications to bone regeneration
medicine.

Keywords: Zirconium; nano bioactive glass; in-vitro; in-vivo, osteogenic potential;, biocompatibility.

1. INTRODUCTION an alternative to existing limitations and

difficulties in obtaining autografts, and to the
The regeneration potential of human bone possibility of disease transmission by allografts
appears to be limited due to different [5]. The problem was that all materials
systemic and environmental conditions that may available at the time, e.g. polymers that were
affect the patients. The regeneration prospects designed to be bioinert, triggered fibrous
of human bone seems to be confined due to  encapsulation after placement, rather than
different systemic and environmental conditions forming a stable interface or bond with tissues.
that may affect many patients. [1]. Tissue Professor Hench decided to make a degradable
engineering was proven to be a promising glass type 45S which contains the Na20, CaO,
biomedical strategy for bone reconstruction s§j0o and P20s, high in calcium content of
foIIowing bone loss due to trauma or surgery [2]. 24.5% [1]. This opened the area of biomedical
There is an urgent need to use new bone \aterigls with many new materials and
replacement materials in the case of multiple products being formed from variations on

fractures of bones. Ordinary bone replacement . -6 glasses [1] and also glass—ceramics
surgeries of first generation classes consists of [6] and bioceramics such as synthetic

autogenic or allogenic bone grafting [3]. hydroxyapatite  (HA) and other calcium
Problems such as limited sources of donor phosphates [7].

bone, graft rejection, high costs and the risk of
disease transmission might occur.
Consequently, alternative treatment modalities to
promote bone regeneration have been carefully
examined [4].

In exposure with body fluids, bioactive materials
create a specific biological reaction at their
surface which allows a strong bonding to
surrounding bone tissues. This feature is
recognized as bioactivity. When place in

Applying synthetic - materials for bone exposure with tissues, bioactive glasses exhibit

regeneration, classified as osteoconductors, are




biocompatibility = and non-attendance of
inflammatory response. They can be non-active
or bioactive consisting on their chemical
structure and their surface morphology
characteristic behavior [6,8]. Studies have
obtained that bioglasses bond with bone more
rapidly than other bioactive ceramics, and in vitro
studies denote that their osteogenic properties
are due to their biodegeneration of ]products
stimulating osteoprogenitor cells at the genetic
level. However, calcium phosphates such as
tricalcium phosphate and synthetic
hydroxyapatite are more excessively utilized in
the bone replacements. Some of the purposes
are commercial, but others are due to the
scientific restriction of the Hench —Bioglass [9].

Amniotic fluid cells are normally cultured for
prenatal  diagnosis  but  being having
characteristics similar to embryonic stem cells
(ESCs) they can have huge therapeutic
applications in the form of cellular therapy and
tissue engineering. They have additional
advantage of being very less antigenic in nature
[10]. Human amniotic fluid stem cells (AF-
MSCs) were cultured on bioactive glass
scaffolds and evaluated for their ability to
differentiate into osteoblastic cells in-vivo [11].
This work aimed to evaluate the biocompatibility
and osteogenic potential of the prepared novel
nano-bioactive glass including zirconium (NZBG)
in vitro and in vivo studies.

2. MATERIALS AND METHODS

2.1 Preparation Method of Zirconium
Enriched Bioactive Glass in Nano
Scale (NZBG)

The composition of novel nano-bioactive glass
is listed in Table 1. The synthesis for the 6.7 g
of tetraethyl orthosilicate (TEOS), 0.94 g of
calcium nitrate (Ca(NO3)2-4H20), 0.46 g of
zirconium oxynitrate ZrO(NO3)2-:3H20, 0.73 ml
of triethyl phosphate (TEP) and HNO3 of 2M,
used as catalyst, in 31.5 mL of H20 were
dissolved in 60 ml of ethanol, and stirred at room
temperature for 1 day. Then it was transferred to
a Petri dish and squeezed out the excess
solution after evaporating the solution for 12 h
at room temperature. When the sample was
completely dry, it was calcined at 700°C (ramp
of 2°C/min) for 8 h to obtain the final Zr-
incorporated  bioactive glass with some
modifications of method proposed by
Montazerian et al. 2015.
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2.2 Characterization of the Nzbg Powder

2.2.1 Photo correlation spectroscopy (PCS) &
transmission electron microscopy

(TEM)

Mean particle size diameter and poly disparity
index of the prepared nano particles were
measured directly after synthesis, using photo
correlation  spectroscopy (PCS) (Malvern
Instruments Ltd, Worcestershire, UK). Briefly, a
volume of 2 ml of the NZBG suspension were
added to the quartz cell of the PCS and
measurements were taken at 90° to the incident
light source. Three separate measurements
were made and their average was taken as the
final reading. Transmission electron microscope
(TEM) imaging of the NZBG particles to
calculate its average size (TEM, Zeiss type
EM10).

2.2.2 X-ray diffraction (XRD) analysis

To investigate the phase composition and
crystallinity of the sample, x-ray diffraction
(XRD) analysis was performed. Functional
nature of the samples was obtained in a Diano
X-ray diffractometer using Cu Ka radiation (A =
0.1542 A) produced applying a tube voltage of
40kV and a tube current of 40 mA [12].

2.2.3 Fourier transform infrared spectroscopy

(FT-IR) analysis

The prepared sample was subjected x-ray
diffraction (XRD) analysis to determine the
stoichiometry deviations. FTIR was employed
running in absorption mode, via potassium
bromide (KBr) technique [0.2 mg of the sample
was mixed with KBr powder (Sigma-Aldrich, FT-
IR grade, P 99%), ground and then pressed by
applying a pressure of 10 t in order to obtain a
1(mm) pellet, using a single beam computerized
FT-IR (NEXAS 670, Nicolet, USA) in the
frequency range of 4000-400 cm-1 at a scanning
speed of 2 mm/sec. FT-IR was used to verify the
XRD findings and to provide evidence of ionic
substitution [12].

2.3 Cell Culture and Seeding of AF-MSCs

2.3.1 Isolation and culture of amniotic fluid
sample

A second trimester Amniotic fluid sample was
obtained by amniocentesis from 26 years old
woman performed 16 weeks of gestation [13] at
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Table 1. The mol ratio of the oxide composition of zirconium enriched bioactive glass

Bioactive galss composition Ca0 P205 Sio2 ZrO2

NZBG 5 5 80 10
National Research Center, Cairo, Egypt. and then washed twice with osteogenic medium
Amniotic fluid sample was isolated by (1 hour for each rinse). AF-MSCs were seeded

centrifugation and pelleting of cells [14]. High
glucose Dubelco Modified Eagle Media (DMEM)
(lonza, Belgium) were used for culture and
expansion, supplemented with 10% fetal bovine
serum (FBS) (lonza, Belgium), 2 mM glutamax
(Gibco, Invitrogen, Life Technologies, USA),
100 units/ml  penicillin  and 100 Mg/ml
streptomycin (Pen-Strep, Lonza, Belgium), 1X
non-essential amino acids (NEAA) (Lonza,
Belgium) and (3ng/ml) basic fibroblast growth
factor (bFGF) (Sigma-Aldrich,USA) (Kunisaki et
al. 2007). The cells were incubated in a humid
5% CO2 atmosphere at 37°C in a CO2 incubator
(Innova Co-170, New Brunswick Scientific,
Scotland).

2.3.2 Differentiation of AF-MSCs into bone
forming cells

AF-MSCs at passage three were used for
osteogenic differentiation when reached 70%
confluency by culturing in DMEM containing 20%
FBS, 100 ug/ml penicillin & streptomycin and 1%
glutamax, L-ascorbic acid 2-phosphate, B-
glycerol phosphate and dexamethasone [15].
Inverted microscopy was used at passage 1 and
2 to follow the progress of the cells.

2.3.3 Alizarin red mineralization assay

Characterization of AF-MSCs osteogenic
differentiation was assessed by Alizarin Red
staining (pH 4.2) after 14 and 21 days in
osteogenic differentiation medium. Briefly, AF-
MSCs cultures were rinsed with PBS, followed
by fixation in 4% formalin (in PBS) for 10 min
and washed with distilled water before staining
with  Alizarin Red solution for 1 min.
Nonspecific staining was removed by thoroughly
washing in distilled water over 24 h. [16,17].

2.3.4 Seeding of osteogenic_stem cells on
nano-bioactive glass disks

In vitro osteogenic differentiation of AF-MSCs on
NZBG disks of 10 mm diameters and 3 mm
heights was carried out. NZBG disks were used
as a carrier for cells and were placed in 6-well
culture plates. The disks were washed 3 times
with 70 % ethanol, exposure to U.V for an hour

on nano- glass disks at density of 10x106and
incubate at 37°C and osteogenic differentiation
medium, DMEM containing 20% FBS, 100 pg/ml
penicillin & streptomycin and 1% glutamax, L-
ascorbic acid 2-phosphate, B-glycerol phosphate
and dexamethasone [15] for one, two and three
week respectively. Discs were fixed on day 7
and 21 using Glutaraldehyde [18].

2.3.5 Scanning Electron microscopy (SEM)of
osteogenic_stem cells on nano-glass
disks

For SEM analysis, specimens cells were fixed in
2% gluteraldehyde in 0.1 M cacodylate buffer
(pH 7.4). To preserve the lipid structures,
specimens were gently washed in 0.2 M
cacodylate buffer (pH 7.4) with the addition of
0.15 M saccharose for three changes every 20
minutes, post-fixed in 1% osmium tetroxide at
room temperature for 1 hours, then given two
quick changes of the previous buffer and
gradually dehydrated in increasing ethanol
concentrations (from 25 to 100%, 15% steps).
Samples were then carried through critical point
drying (CPD) according to standard procedure
using liquid carbon dioxide, observed with a
Philips XL20 Scanning Electron Microscope
(SEM Philips XL 20; FEI, Eindhoven, The
Netherlands) at 20 KV, high vacuum mode.
Images were stored in TIF format with 1024 x
768 Grid of Pixels [13].

2.4 In vivo NZBG Discs Implantation

Thirty adult New Zealand white rabbits
weighing 2-2.6 kg, with an average age of 4
months, were used in this study. The
experimental protocol was reviewed and
approved by the Ethics Committee of the
Faculty of Oral and Dental Medicine, Cairo
University. Material was sterilized by autoclave
prior to surgical implantation. Rabbits were
anesthetized by intramuscular injection of a
mixture of ketamine hydrochloride (50 mg/kg of
body weight) and xylazine (5 mg/kg of body
weight). The material was implanted in the lateral
aspects of both left and right tibias of each rabbit.
The implantation sit es were shaved, cleaned
with antiseptic solution and incised then the



subcutaneous tissues and muscles were
retracted to expose the bone. Four circular bony
defects were produced in each animal, two in
each tibia, using a diamond rounded surgical
bure revolving at a low speed (25000 rpm) with
copious physiological saline irrigation. Each
defect was 2 mm in diameter and its depth
extended down to the bone marrow (Fig. 1a).
Upper hole in the right and left tibias were left
without treatment and the lower holes were
immediately filled with NZBG discs (Fig. 1b).
The muscles, subcutaneous t issues and skin
were sutured, and the wounds were sprayed
with an antifungal-antibacterial spray. Post
surgically animals were received an intravenous
injection of Cephotaxime (10 mg\ Kg) once
daily for 3 days [19]. The animals were
euthanized by intravenous overdose of sodium
pentobarbital at periods of 7, 14 and 28 days
after surgery and their tibias were dissected free
of soft tissues. Animal grouping was done
according to Table 2.

2.5 Histological examination

The tibias were fixed in 10% calcium for mol
for 48 hours then washed and soaked for
eight weeks in 10% ethylene diamine tetra-
acetic acid (EDTA) for decalcification. After that,
the decalcified tibias were rinsed in distilled
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water, dehydrated in ascending grades of
alcohol then embedded in paraffin. Sections of 5
um were obtained and subjected to
haematoxylin and eosin (H&E) staining for
routine histological examination and to Masson's
trichom stain for determining the newly formed
bone.

2.6 Histomorphometric Analysis

Histomorphometric analysis was carried out by
one investigator and the slides were coded so
that the investigator was blind to the test groups.
The histomorphometric data were obtained using
Leica Qwin 500 image analyzer computer
system controlled by Leica Qwin 500 software
(Leica Microsystems, UK). The image analyzer
was first calibrated automatically to convert the
measurement units (pixels) produced by the
image analyzer program into actual micrometer
units. The area and the area percentage of
newly formed bone trabeculae were measured
using an objective lens having a magnification of
20x. Ten fields were measured for each
specimen. Using the color detector, newly

formed bone areas were masked by a blue
binary color. The bone area percentage (bone
area %) was calculated in relation to a standard
measuring frame having an area of 118476.6
um2. [20].

Fig. 1. The surgical procedure: (A): Two bony defects produced in one tibia, (B): The material
being introduced into the bony defect

Table 2. Animal grouping

Group A (left without NZBG)

Group B (NZBG)

Sacrificed at one week postoperative (PO) Group A1 Group B1
Sacrificed at two weeks PO Group A2 Group B2
Sacrificed at three weeks PO Group A3 Group B3




2.6.1 Description of section

Tibia (long bone) cross section was used, bone
diameter (B.Dm), the distance between external
(Ex) and internal (In) periosteum, in the defect
area was measured.

2.6.2 Area measurements

The area % of the newly formed bone /all bone
area ratios were calculated in Masson trichrome
stained sections (referent by having immature
blue coloured collagen fibers in the Masson
trichrome stained sections) using an objective
lens having a magnification of 20x. Ten fields
were measured for each specimen. Using the
color detector, newly formed bone areas (with
immature blue coloured collagen fibers) were
masked by a green binary color. The bone area
percentage (bone area %) was calculated in
relation to a standard measuring frame having an
area of 118476.6 um2.

2.6.3 Units and dimensions

The histomorphometric data were obtained using
Leica Qwin 500 image analyzer computer system
controlled by Leica Qwin 500 software (Leica
Microsystems, UK). The image analyzer was first
calibrated automatically to convert the
measurement units (pixels) produced by the
image analyzer program into actual micrometer
units.

2.7 Statistical Analysis

Post hoc test for independent samples was
utilized when comparing two groups. A
probability value less than 0.05 (p< 0.05) was

B
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considered statistically significant. All statistical
calculations were done using the SPSS
computer program (Statistical Package for the
Social Science, SPSS Inc., Chicago, IL, USA)
version 15 for Microsoft Windows.

3. RESULTS

3.1 PCS and Transmission Electron
Microscopic Examination (TEM) of
the Powder Morphology

PCS of NZBG particles showed that the average
particle size was of 2413 nm and a polydispersity
index (PDI) of 0.015. The morphology of the
nano particles was studied using transmission
electron microscope indicated that the product
is composed of nanostructures. The diameter is
25.06 nm and length is about 23.58 nm. Also it
showed smooth surfaces of the particles and
mostly non-agglomerated (Fig. 2).

The XRD pattern of the prepared NZBG is
represented in Fig. 3. The XRD pattern, reveals
an amorphous nature and there is no detectable
peaks in the pattern. This indicated that the
prepared sample had an amorphous structure.

Infrared
NZBG

3.2 Fourier Transform
Spectroscopy (FT-IR) of
Bioactive Glass Powder

FTIR spectrum of NZBG is represented in
Fig. 4. Silicate absorption bands assigned to
peaks 1085, 900 and 464 Cm-1 respectively
[21]. There are bands at 580 and 600 Cm-
1which are llustratng a P-O bending

oscillationdue to the existence of phosphate
group [22].

\i
|
."|
fr.
|

il i o 2y

MAG. X 200K 8OKV 100 ran

Fig. 2. TEM showing the nano particles' diameter is 25.06 nm and length is about 23.58 nm
(A&B)
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Fig. 3. XRD pattern of the prepared NZBG bioactive glass powder
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Fig. 4. FTIR of the prepared NZBG bioactive glass powder

3.3 Microscopic Examination of 2nd
Trimester AF-derived MSCs of
Sample at Different Passages

Showed the morphology of the primary
aggregate of human 2nd-trimester derived stem
cells (AFSCs) with its cuboidal morphology
Fig. 5 (A). 2nd trimester AF-derived MSCs of
sample showed highly proliferative typical MSCs
morphology at subsequent passages Fig. 5 (B).

3.4 Alizarin red staining
Control plate, cultured of AF-MSCs in regular

proliferation media showed no Alizarin Red
staining (Fig 6. A), while AF-MSCs culture in

osteogenic media were stained by Alizarin Red
staining for detection of orange-red calcium
spots after 21 of the osteogenic induction
showed staining for Alizarin Red staining of
calcium nodules in all the parts of the plate
(Fig. 6.B).

3.5 Scanning Electron Microscopy (SEM)
of Osteogenic Stem Cells on Nano-
Bioactive Glass Disks

SEM observation of the cultured cells showed
that proliferation of AFSC was accompanied by
the production of clusters of bone like apatite
mineralization in  multilayer arrangements
surrounded by extracellular fibers (Figs. 7, 8).
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These mineral globules shown by X-ray scaffold was wrapped with osteoblasts and the
microanalysis to contain Ca and P (Fig. 9). The cells were ribbed in shape. In some osteoblasts,

Fig. 5. Follow up of progression of 2nd trimester AF- MSCs of sample at different passages:
AF-MSCs at (A): PO, day 7 and (B): P2 at day 3. (A) Showed the morphology of the primary
aggregate of human 2nd-trimester derived stem cells (AFSCs) with its cuboidal morphology,
(B) showed the highly proliferative typical MSCs morphology

Fig. 6. Osteogenic differentiation potential of AF-MSCs cultured in MSCs proliferation media
and AF-MSCs in osteogenic media. AF-MSCs stained by Alizarin Red stain for detection of
orange-red calcium spots, on day, 21 of the osteogenic induction. (A) Control plate showed
no staining for Alizarin. (B) Osteogenic plate showed multiple stained spots in different
parts of the plate

Fig. 7. SEM of the prepared NZBG bioactive glass disk with osteogenic cells for one week
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Fig. 9. The mineral globules shown by X-ray microanalysis (EDAX) to contain Ca and P

many teeny junction cohesions had expanded
from the cells in the scaffolds, and the cells were
collected with more closely and were
incorporated, denoting that osteoblasts were
increased their secretion. These results indicting
the osteogenic functions and rapid bone
formation of novel bioactive glass after
incubation with human osteogenic cells in-vitro
was beginning 7 days. The typical overview of
osteogenic cells morphologies after incubated 21
days.

3.6 Histological Results

3.6.1 At first week

The biopsies harvested from the defects of
group A1 were filled with granulation tissue
containing large number of large-sized blood
sinusoids (Fig. 10A,B). The newly formed bone
at the defect borders was formed of immature
bone trabeculae containing large number of
osteocytes, large number of marrow spaces.

Bone trabeculae began to invade the fibrous
tissue formed on top of the granulation tissue.
Many chronic inflammatory cells appeared within
the granulation tissue. In group B1 (Fig. 10C &
D) the new bone began to invade the fibrous
tissue surrounding the granulation tissue. The
defects were partially filled by bone trabeculae
with intervening interconnected marrow spaces
network. No evidence of chronic inflammatory
cell infiltrates.

3.6.2 At second week

In group A2 the defects were partially filled
by thicker bone trabeculae with large
intervening interconnected marrow spaces
network (Fig. 11A, B). While group B2, at the
fundus of the defects, bone trabeculae were
formed to close the holes. The defects were
partially closed from their borders with lacerated
bone trabeculae containing large number of
osteocytes and intervening marrow spaces
(Fig. 11C, D).



3.6.3 At third week

The defect in group A3 closed with bridges of
interconnected homogenous bone trabeculae
with large marrow spaces and large number of
osteocytes. The bone center was filled with fatty
bone marrow and surrounded with less
granulation tissue (Fig. 12 A, B). The defects
in group B3 were completely closed with
lamellar bone with regular Haversian systems.
The arrangement of bone was more mature with
numerous osteons and few entrapped
osteocytes (Fig. 12C, D).

3.7 Statistical Results

The comparative analysis regarding Area %
between the studied groups was recorded in
Table 3. Statistical significant difference was
noticed between the six groups, according to
ANOVA test.

On the other hand, 2-groups comparison (Post-
hoc test) of the mean values = SD as regard new
bone formation results at the first, second & third
week post-operative in the control and
experimental groups showed a statistically highly
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significant difference between each pair of the
studied groups as the p-value was < 0.01.

Table 3. Statistical significant difference

Groups Number Mean * STD
Group 1A 10 19.765+6.087*
Group 1B 10 42.99+3.44*
Group 2 A 10 35.23+0.33*
Group 2B 10 75.84+1.33*
Group 3 A 10 51.34+0.12*
Group 3B 10 95.56+0.35*

ANOVA = 62.8 *P value < 0.001 (very highly
significant)

4. DISCUSSION

The current study was conducted to evaluate
the biocompatibility and osteogenic potential of
the prepared novel nano-bioactive glass
including zirconium (NZBG). The results of PCS
and Transmission electron microscopic
examination (TEM) of the powder morphology
showed that the product is composed of
nanostructures. The diameter is 25.06 nm and
length is about 23.58 nm. Also it showed smooth

Fig. 10. A photomicrograph of group A1 (A& B) showing, the granulation tissue (GT)
containing chronic inflammatory cell infiltrates (CC), few interconnected newly formed bone
trabeculae (astrickes), immature collagen fibers (arrow heads) and large number of large-
sized blood sinusoids (arrow). Group B1 (C &D) showing, bone trabeculae (asterisks),
immature collagen fibers (arrow heads) & interconnected marrow cavities (MC). (A & C) (H&E
stain, Orig. Mag. 200x,); (B& D) (Masson Trichrom stain, Orig. Mag. 200x)

10
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Fig. 11. A photomicrograph of group A2 (A& B) showing, the granulation tissue (GT) with
extravasated RBCs (Ex), new bone trabeculae (asterisks), immature collagen fibers (arrow
heads)& interconnected marrow cavities (MC). Group B2 (C &D) showing, thicker bone
trabeculae (asterisks), interconnected marrow cavities (MC), many osteocytes (Os) and
lamellar bone (Lb). (A & C) (H&E stain, Orig. Mag. 200x,); (B& D) (Masson Trichrom stain, Orig.
Mag. 200x)
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Fig. 12. A photomicrograph of group A3 (A& B) showing, the defect closed with bridges of
interconnected bone trabeculae (asterisk) with large marrow spaces (Mc). Group B2 (C &D)
showing, the defects were completely closed with more mature lamellar bone (Lb) and
Haversian systems (Hs). (A & C) (H&E stain, Orig. Mag. 200x,); (B& D) (Masson Trichrom
stain, Orig. Mag. 200x)

surfaces of the particles and mostly non- nature of the NZBG. In this investigation
agglomerated. Also the XRD proved amorphous amniotic fluid samples, directly cultured in

11



osteogenic medium were able to produce
osteogenic cells as demonstrated by Alizarin
Red staining that was agreed with Antonucci et
al., 2009. Several embryonic stem cells,
AFMSCs are not tumorigenic (forming cancer
cells) and can extend without the use of intensive
layers or costly defined media [14].

SEM of NZBG disks cultured with AF- MSCs
proved the production of clusters of bone like
apatite mineralization in multilayer arrangements
surrounded by extracellular fibers. In vitro
investigations have determined that bioactive
glass spurred osteoprogenitor to differentiate to
mature osteoblasts that output bone-like apatite
nodules [23,24]. It has been agreeable that the
bioactive  characteristic of the scaffold
biomaterials is their ability to bond with living
bone through the e formation of a bone -like
apatite layer on their surface both in vitro and in
vivo. In this work, FTIR spectra and SEM
evaluated and proved the bone like apatite-
mineralization capability of the NZBG scaffolds.
It is interesting that the Zr incorporation in the
BG NZBG glass significantly reinforced AF-
MSCs attachment and proliferation. The bonding
between cells and biomaterials is obtained by
many factors, such as increased secretory
activity of the differentiated osteoblasts forming
the extracellular fibers [25].

In vivo investigation of NZBG scaffold was
evaluated histologically, histochemically and
histomorphometrically. Histological results
disclosed that the implantation of Zr enriched
bioactive glass has obviously accelerated the
bone healing by enhancing the rate of the
newly formed bone trabeculae and decreasing
the chronic inflammatory cell infiltrates. The
bioactive glass (BG) is utilized in a variety of
dental proceedings [26], and numerous bioactive
glass compositions can be generated into
scaffolds for tissue engineering [27]. The
bioactive glass (BG) has surface reactivity and
BG also liberation ions that promote the
osteoblast phenotype [28,29].

Moreover, nanotechnology prolonged new nano-
materials to improve the strength and toughness
of bioactive ceramics. Bioactive nano-glasses
show magnificent potential for bone repair as
compared with conventional ones due to best
mechanical and biological properties [30].
Hydroxyapatite (HA) as bioactive glass is utilized
extensively in  biomedical purposes to
replacement the bone tissues [31,32]. Dentistry
and orthopaedic applications agree that the
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hydroxyapatite has a good biocompatibility,
osteoconductivity and the  bone-bonding
properties [33].

Zirconia is ceramic filler among many fillers or
reinforcements, which has been used to
increase the strength and toughness of many
bioactive glass materials [32]. Zirconia has
shown very wide applications in bone surgery
[34]. The result of this study proved that in
zirconium ions there was less chronic
inflammatory cell infiltrates which could be
explained on the bases of the hydroxyapatite
zirconia has smoother surface than
hydroxyapatite [34]. Bacteria coherence to a
biomaterial surface deepened on the surface
roughness or physical configuration of the
material [35]. So there was less numbers of
bacterial invasion and so less inflammation.

Moreover, it is obtained that the zrconia
particles added in the pores among the particles
of hydroxyapatite. It can be understood that
hydroxyapatite-zirconia has less porous
structure compared to hydroxyapatite without
zirconia. Material without pores among particles
gives smoother surface of the material [36]. Also
the results in the present study were in agreed
other study concluded that adding (5) wt. % of

(ZrO2) helps and accelerates the healing
process of the bone [37]. Histological
observations confirmed the post-operative

clinical evaluation of the animals. There were
no negative signs such as suppuration, pain or
weight loss. It is worth noting that although the
defects in the rabbits' tibia were not of critical
size; they were fully repaired with bone in
direct contact with the biomaterials, confirming
their biocompatibility and osteoconductivity.

5. CONCLUSION

Our work has led us to conclude that, the culture
of AF-stem cells with NZBG bioactive glass
disks were enhanced osteoblastic proliferation
and clusters of bone like apatite mineralization in
multilayer arrangements that increased by time
in-vitro  experiments. While the in-vivo,
histopathology and electron microscope results
demonstrated a well healing of the defect filled
with NZBG bioactive glass regarding the bone
quality and quantity in comparison to the control
group.an enhanced biocompatibility and faster
osteogenesis with prepared NZBG bioactive
glass. The results of this study achieved a good
potential application for the bone regeneration
medicine.
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