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The Osteogenesis Mechanisms of Dental Alveolar Bone
Socket Post Induction with Hydroxyapatite Bovine Tooth
Graft: An Expression of BMP-2, RUNX2, OSX, OCN,
Osteoblast, and Osteoclast in Animal Experimental Rattus

Norvegicus Strain Wistar

Abstract Objective This study to determine the mechanism of bone healing of the
alveolar bone socket post dental extraction of Wistar rats, after
administration of a bovine tooth graft ( Hydroxyapatite Bovine Tooth Graft

= HAp-BTG).

Materials and Methods A total of 50 Wistar rats were randomly
selected into two groups, control and treatment, and into five sub groups,
on days 3, 7, 14, 21, and 28. The post extraction socket was filled with PEG
(Polyethylene glycol) as the control and PEG + HAp-BTG as the treatment
group. On days 3, 7, 14, 21, and 28, Wistar rats were sacrificed, mandibles
were taken, paraffin blocks were made, cut 4 microns thick, and made into
glass preparations for microscopic examination. The variable analysis was
performed by staining HE (Hematoxylin-Eosin) for osteoblasts and
osteoclasts and immunohistochemistry for RUNX2, OSX, OCN, BMP-2. The

expressed cell count per microscope field were analysed.



Keywords

Statistical Analysis All data were tabulation and analyzed using SPSS
Version 25, with a significance of 0.05. We did Analysis between the control

versus treatment group and between the time series.

Results In general, the number of cell expressions in the treatment
group was significantly higher, but the lower significantly of OC. The
increased peak of variables occurred on day 14 for BMP-2, RUNX2, and
OCN, on day 7 for OSX, while OB was significantly increased on day 21 and
remained until day 28. The decrease of OC cells occurred on day seven and

remained low until 28 days.

Conclusion It was concluded that the administration of HAp-BTG can
accelerate alveolar bone healing as indicated by increased expression of
BMP-2, RUNX2, OSX, OCN, number of osteoblasts, and decreased

osteoclasts.

» Hydroxyapatite Bovine tooth graft

» Osteogenesis

» Osteoblast

» Medicine



1. Introduction

Endodontic surgery is part of the field of endodontics through hemisection
procedures. This procedure involves the alveolar bone socket, which will impact the defect
in the alveolar bone and the peri radicular tissue of the surrounding teeth. In general,
soft tissue and hard tissue will be traumatized during tooth extraction. Trauma that
occurs due to tooth extraction will experience a natural healing process by going through
3 stages of the wound healing stages: inflammation, proliferation, and remodeling. In the
bone healing processes, there is the involvement of osteoblasts and osteoclasts. !

The reconstruction of bone defects is still a challenge for endodontists in the field
of endodontic surgery. It is because the healing process is often interrupted or even
failed. Ideally, the success of treatment expects to occur new bone regeneration. In the
clinical practice for improving the bone healing process, commonly using a substitute
material, namely bone graft, is widely used in regenerative bone procedures.3
Classification of grafting materials includes autograft, allograft, alloplastic graft, and
xenograft. The xenogenic graft material, bovine hydroxyapatite (HAp), is commonly used
in dentistry. This graft has osteoconductive and osteoinductive properties. It allows new
bone tissue to grow in the spaces between its mineral particles.®”

Xenografts have commonly known as an alternative to fillers scaffolds. They are
relatively easy to use in the maintenance of dental alveolar bone sockets and facilitate
bone formation and promote wound healing.” Many current studies have developed

hydroxyapatite as a bone graft material.810 Still, so far, there has been no research on



the use of hydroxyapatite bovine tooth graft (HAp-BTG), a graft material derived from
bovine teeth.

Bovine teeth have inorganic and organic components that resemble human teeth
components.!! The organic ingredients of dentin and cementum include type I collagen
and various growth factors such as bone morphogenic proteins (BMPs). Type I collagen
occupies approximately 90% of the tissue's organic content, and the rest is a non
collagenous protein (NCP), biopolymers, citrate, lactate, lipids, and others. NCPs are a
specific non collagenous protein in dentin. It includes osteopontin (OPN), osteocalcin
(OCN), bone sialoprotein (BSP), and osterix (OSX). The others NCPs are runt related
transcription factor 2 (RUNX2) and dentin phosphoprotein (DPP).12-15

BMP has an essential role in embryonic development, including brain and bone
formation. BMP-2 increases osteocalcin (OCN) expression, and its short term expression
is required sufficient to induce bone formation. BMP-2 also has a unique role in post natal
bone formation.!® The expression of the OCN gene increased the expression of osterix
(OSX) and RUNX2 as a typical marker of osteoblast function. Different from RUNX2, OCN
is a marker of end stage differentiation.l” RUNX2, as a preosteoblast, is a transcription
factor closely related to the osteoblast phenotype.33 OSX is a gene transcription factor
identified at the end of the differentiation of preosteoblast cells to osteoblast cells. OSX
regulates late stage osteogenesis and inhibits chondrogenesis.!8

Many studies have succeeded in using bone graft material from bovine bone
containing micro sized hydroxyapatite. It limited information the study of hydroxyapatite

bovine tooth graft (HAp-BTG) material, especially for the osteogenesis process of alveolar



bone sockets. The bovine bone xenograft study showed the significant expression of
RUNX2, type I collagen, alkaline phosphatase, and osteocalcin within 14 and 28 days.!>
This study will explore the cellular and sub cellular mechanisms of osteogenesis by
applying HAp-BTG graft material in dental socket post dental extraction in Wistar rat. The
core factors were used as indicators, namely BMP-2, RUNX2, OSX, OCN, osteoblasts, and

osteoclasts.

2. Materials and Methods

This research is an experimental laboratory animal using a post test only control
group design. This research has received ethical approval from the Ethics Committee,
Faculty of Dental Medicine, Universitas Airlangga (348/HRECC.FODM/VII/2020). We
conducted the study at the Biochemistry Laboratory, Faculty of Medicine, Universitas
Airlangga.

The experimental animals were Rattus norvegicus strain Wistaraged 12-14 weeks,
male with a body weight of 250-300 grams, healthy rats, no tooth decay or defects in the
whole body.'>1% The material used is hydroxyapatite bovine tooth graft (HAp-BTG)
powder type (particle size is about 3.5 pm) which was sterilized by gamma rays at BATAN
(National Atomic Energy Agency = National Atomic Energy Center) Jakarta, Indonesia.
Preparation of HAp-BTG by making a combination mixture of PEG (Polyethylene glycol)
400 and PEG 4000 made with an 80% : 20% ratio.2°

Total 50 Wistar rats were randomly selected into two groups (control and
treatment with 25 each), and every group consisted of 5 sub groups, 3, 7, 14, 21, and

28 days. Anesthesia using a combination of xylazine and ketamine with a ratio of 1:1



intramuscular injection. Termination with an anesthetic injection in the right posterior
femoral region. Lower left incisor teeth extraction using incisor extraction forceps. The
apical site of the post extraction socket was filled with PEG in group I (control) and PEG
+ HAp-BTG as group II (treatment) as much as 0.1 ml using a syringe. Furthermore, the
extraction wound is sutured with simple interrupted sutures using 3-0 non absorbable
black silk sutures. The rats were put supine position for 4 hours to maintain HAp-BTG
stay in the post extraction slot. Evaluation days were 3, 7, 14, 21, and 28.

On the 3rd, 7th, 14th, 21st, and 28th days, conducting the termination each of 5
Wistar rats from each group, retracted, necropsied, decapitated, took a left mandibular
bone fragment, and then immersed in 10% formalin solution for tissue fixation. After
fixation, excised, and calcified, processed the left mandibular jaw for immersion in
paraffin. Sections were made in a semi serial longitudinal manner with a thickness of 4
pm from the hemi mandibular containing the alveolar socket at 60 pym intervals and
examined by hematoxylin-eosin (HE) staining and immunohistochemical (IHC)
examination.

It used the HE staining to count the number of osteoblasts and osteoclasts. The
slides were washed with PBS pH 7.4 three times for 5 minutes. Stained with hematoxylin-
eosin for 10 minutes and soaked in tap water for 10 minutes. Then rinsed with dH20 and
dehydrated with 30% and 50% alcohol for 5 minutes, respectively. Stained with eosin
solution for 3 minutes, rinsed with 70%, 80%, 90%, and 95% alcohol twice, xylol three

times, then mounted with permount adhesive and covered with a cover glass.!>



The IHC staining examines BMP-2, OCN, OSX, and RUNX2 assay. The cut tissue
preparation put on a glass object. The next steps were deparaffination, successively
immersed into xylol three times (2 minutes each). Then immersed successively into
ethanol with a gradually decreasing concentration starting from 100% ethanol (3 times
of 1 minute), 95% (2 times of 1 minute), then 90%, 80%, and 70% each 1 minute. After
that, washed with tap water for about 5 minutes, then added to 3% peroxide (30 minutes)
to remove endogenous peroxidase. Then washed with water, rinsed with distilled water,
then washed with PBS for 2 minutes each. Then put in 0.025% trypsin solution in PBS
(pH 7.4) for 6 minutes at 37° C. Then washed with PBS 3 times, 2 minutes each), and
put into the primary antibody (mouse anti rat BMP monoclonal antibody) for 30 minutes,
and washed with PBS (3 times, 2 minutes each), then put into the secondary antibodies,
namely anti mouse biotinylated label for 30 minutes. Then washed with PBS (2 times, 2
minutes each), then put into streptavidin HRP label: 30 minutes, washed with PBS (3
times, 2 minutes each), put into chromogen substrate: 5 minutes (DAB solution), washed
with PBS (3 times, 2 minutes each), then rinsed with distilled water, put into Mayer
Hematoxylin for 6 minutes, washed with running water, and finally mounted and can be
observed under a light microscope. Performed in the same way for OCN, OSX, and
RUNX2, with the appropriate antibody.!.1>:21,22

The examination of BMP-2, OSX, OCN, and RUNX2 expressions, osteoblast, and
osteoclast, used a 1000x magnification light microscope in 20 microscopic fields. The

mean results per microscopic field were tabulated and analyzed with SPSS version 25.



3. Results

3.1. The variable of cell count between treatment group versus control

The animal experiment was from January 18, 2020, to March 7, 2020. There were
50 Wistar rats of 2 major groups, 25 control and 25 treatment rats, spread into 3, 7, 14,
21, and 28 days sub group. All 50 rats were alive until the end of the experiment.

Six preparations of evaluated variables for each rat dental alveolar tissue were
prepared and stained for each variable. The enumeration of cells per microscopic field,
among 20 microscopic fields of 1000x magnification, is in (»>Table 1). Evaluated
variables are BMP-2, RUNX2, OSX, and OCN; OB and OC.

The results of examining the number of cells expressing BMP-2 between control
and treatment group of observation days were in (»Table 2). In contrast, the different
test results between observation days are in (Figure 1). The number of cells per
microscopic field in the treatment group, days 3, 7, 14, 21, and 28, are higher and
significantly different than the control (» Table 2). The increase in the number of cells
in the treatment group occurred on days 3 to 7, 7 to 21, and then there was no significant
change until day 28 (» Figure 1). It shows the peak of BMP-2 expression was on day
21. Whereas in the control group, the number of cells increased significantly on day 7,
there were no significant changes until day 28. The results of BMP-2 expression are in
(» Figure 2). Cells those express BMP-2 are marked in brown.

The results were similar for RUNX2 (> Table 3, » Figure 3), OSX (» Table 4,
» Figure 4), and OCN (» Table 5, » Figure 5). The humber of cells expressing RUNX2

in the treatment group was higher and significantly different than the control group,



except on day 7. RUNX2 in the treatment group showed an increase in expression from
day 3 to day 14, and there was no longer any significant difference until day 21 and 28.

The number of cells with OSX expression in the treatment group on days 3, 7, 14,
21, and 28 was higher and significantly different than the control group (p<0.05). Based
on the evaluation days, there were no significant increase on day three compared to the
control group, but it increased significantly on day 7. There was not a significant increase
until days 14, 21 and 28. At the same time, in the control group, a significant rise in OSX-
expressing cells occurred on day 28 compared to day 3.

There was a significant increase in OCN expression from day 3 to day 14, and then
there was no significant increase until days 21 and 28 (» Figure 5).

The examination of osteoblasts (OB) with hematoxylin-eosin staining showed that
since days 3, 7, 14, 21 and 28, the number of cells in the treatment group was significantly
higher than the control group (» Table 7). While the number of cells between days of
observation in the treatment group, the number of OB cells increased significantly on day
21, and then stable until 28 days (» Figure 6).

The results of the osteoclast (OC) had the opposite picture. Since days 3, 7, 14,
21, and 28, the number of cells in the treatment group was lower, and there was a
significant difference compared to the control group (p<0.05) (» Table 8). While on
evaluation days, a significant decrease occurred on day seven compared to day 3, then
it remained constant, and there was no significant difference from day 7 to day 14, 21,

and 28 (» Figure 7). The results of osteoclast cell expression are in (» Figure 8).



3.2. Tables and Figures
Table 1. The number of cells per light microscopic field with 1000 times magnification,
on the histopathological examination (Immunohistochemistry for BMP-2, RUNX2, OSX,

OCN and hematoxylin-eosin staining for OB, OC) of alveolar bone socket tissue.

Days Variables Cell number (mean) + SD p
Control group Treatment group

D-3 BMP-2 6,41 + 1,83 9,83 + 0,68 0,011
RUNX2 5,04 + 0,54 9,71 + 0,86 0,000
OSX 6,83 £ 2,33 8,53 + 2,48 0,530
OCN 7,59 + 1,92 11,86 £ 1,45 0,004
OB 6,21 + 4,40 15,06 + 0,97 0,009
oC 10,95 + 1,90 8,40 + 0,60 0,021

D-7 BMP-2 10,76 + 1,97 15,19 + 1,61 0,009
RUNX2 8,38 + 2,56 12,20 + 2,71 0,051
OSX 6,93 + 2,47 13,64 + 1,49 0,001
OCN 11,14 £ 2,02 13,20 + 1,87 0,133
OB 7,47 £ 2,62 11,89 + 2,26 0,021
oC 12,85 + 2,31 4,50 + 2,16 0,009

D-14 BMP-2 11,58 + 2,65 17,11 +1,98 0,006
RUNX2 9,51 + 1,60 16,68 + 3,19 0,004
0SX 8,63 + 2,83 14,38 + 1,37 0,004
OCN 10,13 + 3,77 17,51 + 1,87 0,004
OB 8,00 % 2,09 13,85 + 1,83 0,002
ocC 12,05 + 2,11 4,50 + 0,73 0,001

D-21 BMP-2 10,67 + 1,20 18,44 £ 1,05 0,000
RUNX2 10,41 £ 1,79 17,59 + 2,07 0,000
OSX 10,38 £ 3,76 15,87 + 3,40 0,041
OCN 12,33 £ 2,17 17,04 £ 1,70 0,005
OB 12,36 + 3,51 17,33 £ 2,29 0,029
ocC 12,57 + 2,22 3,67 + 0,69 0,000

D-28 BMP-2 13,41 + 2,00 17,16 + 1,44 0,009
RUNX2 12,90 + 1,83 16,54 + 2,21 0,022
0SX 12,60 + 1,83 16,44 + 2,52 0,025
OCN 13,42 £ 1,26 15,99 + 1,23 0,055
OB 14,68 + 3,24 18,34 + 1,98 0,047



ocC 15,18 + 1,43 3,98 £ 0,73 0,000
BMP-2 (Bone morphogenic protein-2), RUNX2 (Runt-related transcription

factor-2), OSX (Osterix), OCN (Osteocalcin), OB (Osteoblast), OC

(Osteoclast)

Table 2. Description of mean, standard deviation, and difference test between groups of

BMP-2 expression in the control and treatment groups on days 3, 7, 14, 21, and 28

GrouDs Days of evaluation P

P D-3 D-7 D-14 D-21 D-28
Control 6,41+1,83 10,76+1,97 11,58+2,65 10,67+1,20 13,41+2,00 <0,001
Treatment 983%0,68 1510%161 17,11+1,98 1844+1,05 17,1621,44 _, o
P <0,05 <0,01 <0,01 <0,001 <0,01

Notes: D=days
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Figure 1. Comparison of mean of Bone morphogenic protein 2 (BMP-2) expression

between study groups and time/day of observation.



Note: different letter notations (a, b, ¢, d, e, f) indicate significant differences

between groups.

Figure 2. The results of immunohistochemistry (IHC) BMP-2 examination on the

alveolar bone socket of the Wistar rat's teeth showed a picture of osteoblast cells

with  BMP-2 expression marked in brown.

Note: Numbers 3, 7, 14, 21, 28 = days of observation; C=control; T=Treatment;

Arrows=brown are cells with BMP-2 expression.



Table 3. Description of mean, standard deviation, and difference test between RUNX-2

expression in the control and treatment groups, on days 3, 7, 14, 21 and 28

Evaluation days P
Group
D-3 D-7 D-14 D-21 D-28
Control 5,04+0,54 8,38+2,56 9,51+1,60 10,41+1,79 12,90+1,83 <0,001
Treatment 9,71+£0,86 12,20+2,71 16,68+3,19 17,59+2,07 16,54+2,21 <0,001
P <0.001 >0.05 <0.01 <0.001 <0.05

Notes: D=days
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Figure 3. Comparison of mean of Runt-related transcription factor 2 (RUNX2)

expression between study groups and time/day of observation.

Note: different letter notations (a, b, ¢, d, e, f) indicate significant differences

between groups.



Table 4. Description of mean, standard deviation, and difference test between groups of

OSX expression in the control and treatment groups on days 3, 7, 14, 21 and 28

Evaluation days P
Groups

D-3 D-7 D-14 D-21 D-28

6,83+£2,33 6,93+247 8,63+£2,83 10,38+3,76 12,60+1,83
Control <0,05

8,53+2,48 13,64+1,49 14,38+1,37 15,87+3,40 16,44+2,52
Treatment <0,01
P >0,05 <0,01 <0,01 <0,05 <0,05

Notes: D=days
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|
Figure 4. Comparison of mean Osterix (OSX) expression between study groups
and time/day of observation.

Note: different notations (a,b,c,d) indicate differences between groups



Table 5. Description of the mean, standard deviation, and difference test between

groups of OCN expression in the control and treatment groups on days 3, 7, 14, 21 and

28
Evaluation days P
Groups
D-3 D-7 D-14 D-21 D-28
Control 7,59+1,92 11,14+2,02 10,13+3,77 12,23+2,17 13,42+1,26 <0,05

Treatment 11,86+1,45 13,20+1,87 17,51+1,87 17,04+1,70 15,99+1,23 <0,01

P <0,01 >0,05 <0,01 <0,01 >0,05

Notes: D=days
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Figure 5. Comparison of mean Osteocalcin (OCN) expression between study
groups and time/day of observation

Note: different notations (a,b,c,d) show differences between groups



Table 6. Description of mean, standard deviation, and difference test between groups of

OB expression in the control and treatment groups on days 3, 7, 14, 21 and 28

Evaluation days p

Groups

D-3 D-7 D-14 D-21 D-28

6,21+4,40 7,47+£2,62 8,00+£2,09 12,36+3,51 14,68+3,24
Control <0,01

15,06+0,97 11,89+2,26 13,85+1,83 17,33+2,29 18,34+1,98
Treatment <0,01
P <0,01 <0,05 <0,01 <0,05 <0,05

Notes: D=days
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Figure 6. Comparison of the mean number of Osteoblast (OB) between study

groups and time/day of observation.



Note: different notations (a,b,c,d,e,f) indicate differences between groups (Mann-

Whitney test)

Table 7. Description of mean, standard deviation, and difference test between groups of

OC expression in the control and treatment groups on days 3, 7, 14, 21 and 28

Evaluation days P
Groups
D-3 D-7 D-14 D-21 D-28
Control 10,95+1,90 12,85+2,31 12,05+2,11 12,57+2,22 15,18+1,43 <0,05

Treatment 8,40+0,60 4,50+2,16 4,50+0,73 3,67+0,69 3,98+0,73 <0,01

P <0,05 <0,01 <0,01 <0,001 <0,001

Notes: D=days
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Figure 7. Comparison of mean Osteoclast (OC) expression between study groups
and time/day of observation. Note: different notations (a,b,c,d) indicate

differences between groups (Mann-Whitney test)



N

Figure 8. Osteoclast examination results in the alveolar bone socket of the
Norvegicus Wistar rat’s teeth, showing an image of osteoclast cells with multiple
nuclear cells.

Note: Numbers 3, 7, 14, 21, 28 = days of observation; C=control; T=Treatment;

Arrow=color are Osteoclast cells with multiple nuclei.

4. Discussion

HAp-BTG, as the test material in this study, is a particle resulting from calcination,
sintering and milling process, with a size of about 3.5 microns. In various studies, the
particle size of bone graft material is generally about 355 to 710 microns.23 Particle sizes,
both large (about 500 microns) and small in nano micron units, showed similar results.
Studies with the same objective but using mesenchymal cells show an identical or similar
impact on osteogenesis.?3 As an illustration, show at the peak of the expression of various

indicators. OSX expression in this study, peak production could last until day 28, and OCN



until day 14. Wardhana et al showed that the expression of OCN and OPG were significant
increase in day 7 & 14.%4

In the treatment group, the increase in all osteogenesis indicators generally
showed a significantly higher expression than the control group. It indicates the role of
HAp-BTG in increasing the bone healing process in the area of the tooth alveolar socket.

It shows that peak expression in the treatment group was reached within 14 days
(BMP-2, RUNX2, and OCN), day 7 (OSX). Meanwhile, the control group reached the peak
on day 28 (BMP-2, RUNX2, OSX, OCN). The peak expression of the control group on day
28 (BMP-2, RUNX2, and OSX) was the same as that of the treatment group on day 7. It
indicates that the H4p-BTG graft enhances and accelerates the process of osteogenesis.
According to Thahir et al, the process of bone resorption and formation in male marmots
takes about 2-4 weeks. This was due to the presence of osteoblasts, which perform
actively to repair bone damage by forming collagen and non collagen proteoglycans and
regulating the mineralization process between calcium and phosphate during the reversal
phase.?

In the control group, OSX expression increased after day 3, but a significant
increase was identified on day 28. In contrast, in the treatment group, a significant
increase was identified since day 7 (» Figure 4) and continued to increase until day 28.
Also, the expression of OCN in the control group increased on day 7, and then there was
no significant increase until day 28 (» Figure 5); OB expression in the control group on
day 28, there was no significant difference with the treatment group on day 21 (» Figure

6). From early to late healing stages, the mean of osteoblasts was consistently increasing.



Histology quantitative assessment showed that the mean number of osteoblasts was
consistently higher in the DFDBBX group than in the DBBM group and control groups in
2 to 4 weeks.!> This action is confirmed in a similar study by Kresnoadi et al, using
mangosteen peel extract combined with demineralized freeze-dried bovine bone
xenograft on osteocalcin, collagen 1, and osteoblast as alveolar bone regeneration in
socket preservation also increase on days 7 and 30, the group treated with a combination
of DFDBBX and mangosteen peel extract which had the highest expression and levels of
osteocalcin, collagen 1, and osteoblasts.?®

The number of OC in the control group there was no significant change between
day 3 today 7, day 7 to 14, day 14 to 21, and day 21 to 28. While in the treatment group,
it decreased significantly on day 7, and then there were no significant changes from day
7 to day 14, day 21, and day 28. It showed that OC has a pivotal role in the finalization
process of alveolar tissue growth.

The synthesis of hydroxyapatite has been widely used for bone repair, bone
replacement, as a coating or filler for bones and teeth. However, it has been a lengthy
application to develop hydroxyapatite as scaffolds.?” HAp Scaffolds are HAp with a porous
matrix where the size of the pores in hydroxyapatite scaffolds can vary, depending on
the volume of a scaffold produced. It makes HAp scaffolds easier to implant into bone
tissue, does not inhibit the growth of natural bone tissue, and can prevent displacement
and loss of implants induced into the body. Hydroxyapatite scaffolds can serve as various

materials, including polymers, ceramics, metals, and other composite materials.?8



Hydroxyapatite is a source of calcium and phosphate, which is very important for the
remineralization-demineralization of the enamel area.?

Bovine tooth graft has a role in osteogenesis in alveolar bone defects. After
inserting the bone graft to the alveolar bone defect, there will be a blob of bone graft
wrapped in blood in the early stages. Then on the 7th day, there will be an acute
inflammatory response with an invasion of neutrophil cells, lymphocytes, and plasma
cells. The inflammatory process that occurs causes the activation of pre-mesenchymal
cells, growth factors, and inflammatory mediators that can cause pre-mesenchymal cells
to differentiate into osteoblasts so that bone formation or osteogenesis will occur.30

BMP-2 is well known to be a strong inducer of bone formation and to play
important roles in the development and regeneration of bone and cartilage.3! The
expression of BMP-2 in the mechanism of osteogenesis in various groups can be seen in
» Table 3, » Figures 1 and 2, indicating significant differences between the treatment
groups. The expression of BMP-2 in »Table 3 shows a significant difference in the
expression of BMP-2 on days 3, 7, 14, 21, and 28 (p<0.05) between the treatment groups
compared to the control group. The administration of H4p-BTG in the treatment group
showed an increase in BMP-2, significantly higher than the control group (p<0.001). BMP
signaling is one of the central signaling pathways that induce osteogenic differentiation
and regulate bone formation. BMP induces osteogenesis through the role of autocrine,
paracrine hormones, and the action of RUNX2.32

The osteoblastic differentiation and maturation events in the defect were

evaluated by immunohistochemistry analysis which exhibits a significant increase in



expressions of RUNX2.15 RUNX2 expression in various groups can be seen in » Table 4,
» Figure 3, which shows significant differences between the treatment groups and the
control groups. Table 4 shows significant differences in RUNX2 expression on days 3, 7,
14, 21, and 28 (p<0.05) between the control and treatment groups. However, it
significantly increased RUNX2 expression on days 3, 7, and 14. After that, it increased
again on day 21. Then there was no further increase until day 28 in the treatment group
compared to the control group (» Figure 3).

RUNX2 was first detected in pre-osteoblasts and increased in the first week in
immature osteoblasts. At the fourth week, RUNX2 expression decreased during the
maturation process of osteoblasts, and RUNX2 expression was not significant in mature
osteoblasts.3? It is consistent with the results of this study, which showed that RUNX2
expression increased on day 14 and then was not any significant changes until day 28,
and but were significant difference of RUNX2 on day 21 and 28 in the treatment group
compared to the control group (p<0.05).

There was a significant difference between the treatment groups and the control
group. OSX expression on day 3 showed no significant increase in treatment compared
to control (p>0.05). In contrast, on days 7, 14, 21, and 28, there was a significant
difference in OSX expression in the treatment group compared to the control group
(p<0,05) (Figure 4). OSX is a novel transcription factor of Zinc Finger, an essential
element for osteoblast differentiation and bone formation.343> It plays an important role
in the differentiation, maturation, or function of bone cells by regulating genes involved

in different, and suggests a potential role in the bone microenvironment.3¢



Osteoblast expression in the mechanism of osteogenesis in this study showed the
number of osteoblasts in various groups as in »Table 7 and » Figure 6. On days 3, 7,
14, 21, and 28, the number of osteoblasts in the treatment group was significantly higher
than in the control group. (p<0.05). However, based on time observations, there was a
significant decrease in osteoblasts on day 7. On days 14 to 21, the number of osteoblasts
increased and continued to increase significantly until day 28 (» Figure 6). Osteoblasts
are responsible for collagen production (type I collagen) and non collagenous proteins.
It includes osteocalcin (OCN), bone sialoprotein (BSP), osteopontin (OPN), and
osteonectin. Osteoblasts also express some Alkaline Phosphatase (ALP) which helps
mineralization.3”

The number of osteoclasts in various groups is in Table 8 and Figure 7. On days
3, 7, 14, 21, and 28, the number of osteoclasts in the treatment group was significantly
higher than in the control group (p<0.05) (»Table 8). However, based on time
observations, there was a significant decrease in the nhumber of osteoclasts on day 7, and
then on days 14, 21 to 28, the number of osteoclasts remained low, the same as on day
7 (»Figure 7). Osteoclasts are the major cells responsible for bone resorption.!®
Osteoclasts play a role in the bone resorption process. Hydrogen ions formed from
carbonic anhydrase enter the plasma membrane to dissolve the bone matrix during the
resorption process. Different lysosomal enzymes, namely collagenase and cathepsin K,
are released to digest the bone matrix.38 The low number of osteoclasts indicates that
bone growth continues throughout this experiment, which is indicated by high osteoblasts

and low osteoclasts.



There is something new from this study: the mechanism of alveolar bone
osteogenesis after administration of H4Ap-BTG on day three until 28 through the BMP-2,
0OSX, OCN, and RUNX2 number osteoblasts and osteoclasts in vivo. The HAp-BTG scaffold
material was proven to have the ability to induce osteogenesis in the alveolar bone socket
of the Rattus norvegicus strain Wistar rats in vivo. This HAp-BTG scaffold has potential
as a mineral because it secretes active metabolites such as cytokines and growth factors.
These results show the pathway of the influence of H4Ap-BTG and BMP2 expression. The
expression of BMP-2 affects the expression of RUNX2, which is the beginning of the
process of osteogenesis. RUNX2 plays a role in the differentiation of MSCs into
osteoprogenitors. The RUNX2 pathway affects the expression of OSX, which is the final
stage of the osteogenic process. The role of OSX is to induce the differentiation of
osteoprogenitors into preosteoblasts. The OSX pathway affects OCN expression, which
indicates that preosteoblasts differentiate into osteoblasts. Osteocalcin is the most
abundant protein matrix found in bone. Osteoblasts express osteocalcin in the bone
matrix during alveolar bone remodeling.?> Alveolar bone osteogenesis will be supported
by the expression of OCN and the number of osteoblasts and a decrease in the number
of osteoclasts in vivo.

In osteoblastic differentiation studies, Runx2 is one of the most common markers
investigated. It showed that hydroxyapatite induces the differentiation of osteoblasts by
upregulating Runx2. 324041 Hydroxyapatite also induces OSX expression, which causes
osteoblastic differentiation of osteoblast progenitor cells.#*? OSX involve in an early stage

of osteoblast differentiation. The overexpression of OSX can inhibit the late stage of



osteoblast differentiation.*® OSX plays a role in bone homeostasis. Inactivation of OSX in
the postnatal period caused defects in osteoblast function, followed by decreased bone
formation.** OSX and RUNX2 regulated the unique cartilage matrix-associated protein.
OCN is known as a gamma-carboxyglutamate protein expressed by osteoblasts.
Hydroxyapatite also induces osteoblast differentiation which shows an increase in OCN.
40,41,45,46

Hydroxyapatite plays a role in the BMP signaling pathway inducing osteogenic
differentiation. This mechanism proceeds via canonical signals, as reported by Khotib et
al. 4 BMP-2 act to significantly enhance osteogenesis and angiogenic differentiation.*®
BMP-2 may stimulate extramedullary bone regeneration.3! Nam et al. reported that BMP-
2 combined with both hydroxyapatite and bovine-derived xenografts. It showed
effectively enhances the alveolar ridge in the treatment of augmentation of the alveolar
ridge, and BMP-2 in combination with hydroxyapatite is especially effective in repairing

complex bone defects.*

5. Conclusions

(1) Administration of HAp-BTG into the alveolar bone socket of Wistar rats can increase
the expression of BMP-2, RUNX2, OSX, OCN, the number of osteoblasts and decrease the
number of osteoclasts;

(2) The bone healing process of alveolar bone socket post dental extraction in Wistar rats

is higher and faster after induction with HAp-BTG.



Author Contributions: For research articles with several authors, since developing the
protocol until finalizing the manuscript. The following statements should be put
“Conceptualization, N.Z., S.K., E.M.S.; Data analysis, N.Z.; Data collection, N.Z.; Writing
draft preparation, N.Z., S.K., E.M.S.; Draft editing and references, N.Z., S.K., E.M.S,,
D.D.P., M.M.S.N.M.; Final writing and editing, N.Z., S.K., E.M.S., D.D.P., M.M.S.N.M.;

Funding application, N.Z.; All authors agreed to the published final version.

Funding: This study was supported by a grant from the Ministry of Research and

Technology, Republic of Indonesia, No. B/112/E3/RA.00/2021.

Institutional Review Board Statement: The study was approved by the Ethical
Committee, Faculty of Dental Medicine, Universitas Airlangga, No.

348/HRECC.FODM/VII/2020

Informed Consent Statement: Not applicable
Data Availability Statement: The data of this study are available from the

corresponding author on request.

Acknowledgments: We would like to thanks to Dr. Hari Basuki Notobroto that support
the statistical analysis of this study. Also thanks a lot to Ari Wahyudiono, Wibi Riawan

that support us in the Laboratory work of Histopathology.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Venkataraman N, Bansal S, Bansal P, Narayan S. Dynamics of bone graft

healing around implants. J Int Clin Dent Res Organ 2015;7(3):40



Kamadjaja MJ, Tumali BA, Laksono H, Hendrijantini N, Ariani ML, Natasia,
et al. Effect of Socket Preservation Using Crab Shell-Based Hydroxyapatite
in Wistar Rats. Recent Adv Biol Med 2020;6(2):1-9

Patel P, Kikani A, Thakar K, Patal V. Management of endodontic-periodontic
lesion with regenerative procedure: a splitmouth observational comparative
case report . J Dent Spec 2017;5(2):152-5

Titsinides S, Agrogiannis G, Karatzas T. Bone grafting materials in
dentoalveolar reconstruction: A comprehensive review. Jpn Dent Sci Rev
[Internet] 2019;55(1):26-32. Available from:
https://doi.org/10.1016/j.jdsr.2018.09.003

Widhiartini IAA, Wirasuta IMAG, Sukrama DM, Rai IBN. Therapeutic drug
monitoring of rifampicin, isoniazid, and pyrazinamide in newly-diagnosed
pulmonary tuberculosis outpatients in Denpasar area. Bali Med J [Internet]
2019;8(1):107-13. Available from:
www.balimedicaljournal.organdojs.unud.ac.id/index.php/bmj

Sotto Maior BS, Senna PM, Aarestrup BJ V, Ribeiro RA, De Souza Picorelli
Assis NM, Del Bel Cury AA. Effect of bovine hydroxyapatite on early stagesof
bone formation. Rev Odonto Cienc 2011;26(3):198-202

Khanijou M, Seriwatanachai D, Boonsiriseth K, Suphangul S, Pairuchvej V,
Srisatjaluk RL, et al. Bone graft material derived from extracted tooth: A
review literature. ] Oral Maxillofac Surgery, Med Pathol [Internet]

2019;31(1):1-7. Available from:



10.

11.

12.

13.

14.

15.

https://doi.org/10.1016/j.ajoms.2018.07.004

Kumar P, Vinitha B, Fathima G. Bone grafts in dentistry. J Pharm Bioallied
Sci 2013;5(SUPPL.1):125-7

Sousa SB, Castro-Silva II, Da Rocha Coutinho LAC, Lenharo A, Granjeiro JM.
Osteoconduction and bioresorption of bone allograft versus anorganic bovine
bone xenograft: A histomorphometric study in humans. J Biomim Biomater
Tissue Eng 2013;18(1):85-95

Nastiti AD, Widyastuti W, Laihad FM. Bioviabilitas Hidroksiapatit Ekstrak
Cangkang Kerang Darah (Anadara granosa) Terhadap Sel Punca Mesenkimal
Sebagai Bahan Graft Tulang Alveol. Denta 2015;9(2):122

Kim YK, Lee J, Um IW, Kim KW, Murata M, Akazawa T, et al. Tooth-derived
bone graft material. J Korean Assoc Oral Maxillofac Surg 2013;39(3):103
Takahashi I, Nishimura M, Onodera K, Bae JW, Mitani H, Okazaki M, et al.
Expression of MMP-8 and MMP-13 genes in the periodontal ligament during
tooth movement in rats. J Dent Res 2003;82(8):646-51

Murata M. Collagen biology for bone regenerative surgery. J Korean Assoc
Oral Maxillofac Surg 2012;38(6):321

Singkuku FT, Onibala H, Agustin AT. Ekstraksi Kolagen Tulang.
2017;5(3):163-6.

Kamadjaja DB, Abidin ZZ, Diana R, Kharis I, Mira Sumarta NP, Amir MS, et
al. In Vivo Analyses of Osteogenic Activity and Bone Regeneration Capacity

of Demineralized Freeze-Dried Bovine Bone Xenograft: A Potential Candidate



16.

17.

18.

19.

20.

21.

22,

for Alveolar Bone Fillers. Int J Dent 2021;2021

Bae SE, Choi J, Joung YK, Park K, Han DK. Controlled release of bone
morphogenetic protein (BMP)-2 from nanocomplex incorporated on
hydroxyapatite-formed titanium surface. ] Control Release [Internet]
2012;160(3):676—84. Available from:
http://dx.doi.org/10.1016/j.jconrel.2012.04.021

Wu S, Xiao Z, Song J, Li M, Li W. Evaluation of BMP-2 enhances the
osteoblast differentiation of human amnion mesenchymal stem cells seeded
on nano-hydroxyapatite/ collagen/poly(L-lactide). Int J Mol Sci 2018;19(8)
Liu TM, Lee EH. Transcriptional regulatory cascades in Runx2-dependent
bone development. Tissue Eng Part B Rev 2013;19(3):254-63

Nampo T, Watahiki J, Enomoto A, Taguchi T, Ono M, Nakano H, et al. A New
Method for Alveolar Bone Repair Using Extracted Teeth for the Graft
Material. J Periodontol 2010;81(9):1264-72

Catros S, Molenberg A, Freilich M, Dard M. Evaluation of a polyethylene
glycol-osteogenic protein-1 system on alveolar bone regeneration in the
mini-pig. J Oral Implantol 2015;41(4):e96-101

Saskianti T, Nugraha AP, Prahasanti C, Ernawati DS, Suardita K, Riawan W.
Immunohistochemical analysis of stem cells from human exfoliated deciduous
teeth seeded in carbonate apatite scaffold for the alveolar bone defect in
Wistar rats (Rattus norvegicus). F1000Research 2020;9:1-17

Kresnoadi U, Widjaja J, Laksono H. Ethanol extract of propolis-bovine bone



23.

24.

25.

26.

27.

28.

graft combination as a prospective candidate for socket preservation:
Enhancing BMP7 and decreasing NFATcl. Saudi Dent ] [Internet]
2021;33(8):1055-62. Available from:
https://doi.org/10.1016/j.sdentj.2021.05.003

Sari DS, Maduratna E, Ferdiansyah, Latief FDE, Satuman, Nugraha AP, et al.
Osteogenic Differentiation and Biocompatibility of Bovine Teeth Scaffold with
Rat Adipose-derived Mesenchymal Stem Cells. Eur J Dent 2019;13(2):206—
12.

Wardhana AS, Nirwana I, Budi HS, Surboyo MDC. Role of Hydroxyapatite and
Ellagic Acid in the Osteogenesis. Eur J Dent 2021;15(1):8-12

Thahir H, Oktawati S, Gani A, Mappangara S, Cangara MH, Patimah, et al.
The effectiveness bone graft of snakehead fish bones (Channa striata) in the
gelatin form on the osteocalcin (ocn) expressions. Int J Pharm Res
2020;12(2):4365-9

Kresnoadi U, Hadisoesanto Y, Prabowo H. Effect of mangosteen peel extract
combined with demineralized freezed-dried bovine bone xenograft on
osteoblast and osteoclast formation in post tooth extraction socket. Dent J
(Majalah Kedokt Gigi) 2018;49(1):43

Kattimani VS, Kondaka S, Lingamaneni KP. Hydroxyapatite—Past, Present,
and Future in Bone Regeneration. Bone Tissue Regen Insights
2016;7:BTRI.S36138

Mohammadi M, Mousavi Shaegh SA, Alibolandi M, Ebrahimzadeh MH,



29.

30.

31.

32.

33.

34.

35.

Tamayol A, Jaafari MR, et al. Micro and nanotechnologies for bone
regeneration: Recent advances and emerging designs. J Control Release
[Internet] 2018;274(January):35-55. Available from:
https://doi.org/10.1016/j.jconrel.2018.01.032

Aarthi R, Ebenezer V, Sargunar B, Priyan S. Use of Nano Hydroxyapatite Bone
Graft in. Biomed Pharmacol J 2015;8:263—-6

Listari KM, Ruhadi I, Ulfa N. Ekspresi Rankl Pada Defek Tulang Dengan
Pemberian Xenograft Dibandingkan Dengan Xenograft Dan Prf. E-Prodenta ]
Dent 2019;3(1):216-24

Nosho S, Tosa I, Ono M, Hara ES, Ishibashi K, Mikai A, et al. Distinct
osteogenic potentials of BMP-2 and FGF-2 in extramedullary and medullary
microenvironments. Int J Mol Sci 2020;21(21):1-14

James AW. Review of Signaling Pathways Governing MSC Osteogenic and
Adipogenic Differentiation. Scientifica (Cairo) 2013;2013:1-17

Komori T. Regulation of proliferation, differentiation and functions of
osteoblasts by runx2. Int J Mol Sci 2019;20(7)

Nakashima K, Zhou X, Kunkel G, Zhang Z, Deng JM, Behringer RR, et al. The
novel zinc finger-containing transcription factor Osterix is required for
osteoblast differentiation and bone formation. Cell 2002;108(1):17-29

Tsai MT, Lin YS, Chen WC, Ho CH, Huang HL, Hsu JT. Runx2 and osterix gene
expression in human bone marrow stromal cells are mediated by far-infrared

radiation. Proc World Congr Eng 2011, WCE 2011. 2011;3:2690-4.



36.

37.

38.

39.

40.

41.

42.

Liu Q, Li M, Wang S, Xiao Z, Xiong Y, Wang G. Recent Advances of Osterix
Transcription Factor in Osteoblast Differentiation and Bone Formation. Front
Cell Dev Biol 2020;8(December)

Rupani A, Balint R, Cartmell SH. Osteoblasts and their applications in bone
tissue engineering. Cell Health Cytoskelet 2012;4:49-61

Robling AG, Castillo AB, Turner CH. Biomechanical and molecular regulation
of bone remodeling. Annu Rev Biomed Eng 2006;8:455-98

Chen B, Lin T, Yang X, Li Y, Xie D, Zheng W, Cui H, Deng W, Tan X. Low-
magnitude, high-frequency vibration promotes the adhesion and the
osteogenic differentiation of bone marrow-derived mesenchymal stem cells
cultured on a hydroxyapatite-coated surface: The direct role ofWnt/catenin
signaling pathway activation. Int J Mol Med 2016; 38: 1531-1540

Xia L, Lin K, Jiang X, Xu Y, Zhang M, Chang J, Zhang Z. Enhanced
osteogenesis through nano-structured surface design of macroporous
hydroxyapatite bioceramic scaffolds via activation of ERK and p38 MAPK
signaling pathways. J Mater Chem B 2013; 1: 5403-5416

Mao L, Liu J, Zhao J, Chang J, Xia L, Jiang L, Wang X, Lin K, Fang B. Effect
of micro-nano-hybrid structured hydroxyapatite bioceramics on osteogenic
and cementogenic differentiation of human periodontal ligament stem cell via
Wnt signaling pathway. Int J Nanomed 2015; 10: 7031-7044

Chen Q, Shou P, Zheng C, Jiang M, Cao G, Yang Q, Cao J, Xie N, Velletri T,

Zhang X, et al. Fate decision of mesenchymal stem cells: Adipocytes or



43.

44,

45.

46.

47.

48.

osteoblasts? Cell Death Differ. Cell Death and Differentiation 2016; 23: 1128—
1139.

Yoshida CA, Komori H, Maruyama Z, Miyazaki T, Kawasaki K, Furuichi T,
Fukuyama R, Mori M, Yamana K, Nakamura K, et al. Sp7 inhibits osteoblast
differentiation at a late stage in mice. PLoS ONE 2012; 7(3):e32364

Baek WY, de Crombrugghe B, Kim JE. Postnatally induced inactivation of
Osterix in osteoblasts results in the reduction of bone formation and
maintenance. Bone 2010; 46: 920-928

Liang, H, Xu X, Feng X, Ma L, Deng X, Wu S, Liu X, Yang C. Gold
nanoparticles-loaded  hydroxyapatite = composites guide osteogenic
differentiation of human mesenchymal stem cells through Wnt/_-catenin
signaling pathway. Int J Nanomed 2019; 14: 6151-6163

Zhou J, Zhao L, Li B, Han Y. Nanorod diameter modulated osteogenic activity
of hierarchical micropore/nanorod-patterned coatings via a Wnt/_-catenin
pathway. Nanomed Nanotechnol Biol Med 2018; 14: 1719-1731

Khotib J, Gani MA, Budiatin AS, Lestari MLAD, Rahadiansyah E. Ardianto C.
Signaling Pathway and Transcriptional Regulation in Osteoblasts during Bone
Healing: Direct Involvement of Hydroxyapatite as a Biomaterial.

Pharmaceuticals 2021; 14: 615. https://doi.org/10.3390/ ph14070615

Barati D, Shariati S R P, Moeinzadeh S, Melero-Martin JM, Khademhosseini A,
and Jabbari E. Spatiotemporal Release of BMP-2 and VEGF Enhances

Osteogenic and Vasculogenic Differentiation of Human Mesenchymal Stem


https://doi.org/10.3390/

49.

Cells and Endothelial colony-forming Cells Coencapsulated in a Patterned
Hydrogel. ] Controlled Release 2016; 223: 126—136.
doi:10.1016/j.jconrel.2015.12.031

Nam JW, Khureltogtokh S, Choi HM, Lee AR, Park YB and Kim H]. Randomised
Controlled Clinical Trial of Augmentation of the Alveolar ridge Using
Recombinant Human Bone Morphogenetic Protein 2 with Hydroxyapatite and
Bovine-Derived Xenografts: Comparison of Changes in Volume. British
Journal of Oral Maxillofacial Surgery 2017; 55 (8); 822-829.

doi:10.1016/j.bjoms.2017. 07.017



(P2y drdodsontw/[[3D) tdNG

25

20

15
- e» e C

10
—T

5

0

D-3 D-7 D-14 D-21 D-28
Days

Figure 1. Comparison of mean of Bone morphogenic protein 2 (BMP-2) expression
between study groups and time/day of observation.
Note: different letter notations (a, b, ¢, d, e, f) indicate significant differences

between groups



Figure 2. The results of immunohistochemistry (IHC) BMP-2 examination on the

alveolar bone socket of the Wistar rat's teeth showed a picture of osteoblast cells

with BMP-2 expression marked in brown.

Note: Numbers 3, 7, 14, 21, 28 = days of observation; C=control; T=Treatment;

Arrows=brown are cells with BMP-2 expression.
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Figure 3. Comparison of mean of Runt-related transcription factor 2 (RUNX2)
expression between study groups and time/day of observation.
Note: different letter notations (a, b, ¢, d, e, f) indicate significant differences

between groups
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Figure 4. Comparison of mean Osterix (OSX) expression between study groups
and time/day of observation.

Note: different notations (a,b,c,d) indicate differences between groups
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Figure 5. Comparison of mean Osteocalcin (OCN) expression between study
groups and time/day of observation

Note: different notations (a,b,c,d) show differences between groups
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Figure 6. Comparison of the mean number of Osteoblast (OB) between study
groups and time/day of observation.
Note: different notations (a,b,c,d,e,f) indicate differences between groups (Mann-

Whitney test)
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Figure 7. Comparison of mean Osteoclast (OC) expression between study groups
and time/day of observation. Note: different notations (a,b,c,d) indicate

differences between groups (Mann-Whitney test)



N

Figure 8. Osteoclast examination results in the alveolar bone socket of the

Norvegicus Wistar rat’s teeth, showing an image of osteoclast cells with multiple

nuclear cells.

Note: Numbers 3, 7, 14, 21, 28 = days of observation; C=control; T=Treatment;

Arrow=color are Osteoclast cells with multiple nuclei.



3.2. Tables and Figures
Table 1. The number of cells per light microscopic field with 1000 times magnification,
on the histopathological examination (Immunohistochemistry for BMP-2, RUNX2, OSX,

OCN and hematoxylin-eosin staining for OB, OC) of alveolar bone socket tissue.

Days Variables Cell number (mean) £+ SD P
Control group  Treatment group

D-3 BMP-2 6,41 £ 1,83 9,83 + 0,68 0,011
RUNX2 5,04 £ 0,54 9,71 + 0,86 0,000
OSX 6,83 £ 2,33 8,53 + 2,48 0,530
OCN 7,59 £ 1,92 11,86 + 1,45 0,004
OB 6,21 + 4,40 15,06 = 0,97 0,009
0C 10,95 + 1,90 8,40 £ 0,60 0,021

D-7 BMP-2 10,76 + 1,97 15,19 £ 1,61 0,009
RUNX2 8,38 + 2,56 12,20 £ 2,71 0,051
OSX 6,93 + 2,47 13,64 + 1,49 0,001
OCN 11,14 +£ 2,02 13,20 + 1,87 0,133
OB 7,47 £ 2,62 11,89 + 2,26 0,021
0C 12,85 + 2,31 450 + 2,16 0,009

D-14 BMP-2 11,58 + 2,65 17,11 £ 1,98 0,006
RUNX2 9,51 + 1,60 16,68 + 3,19 0,004
0OSX 8,63 = 2,83 14,38 + 1,37 0,004
OCN 10,13 + 3,77 17,51 + 1,87 0,004
OB 8,00 + 2,09 13,85 + 1,83 0,002
0C 12,05 + 2,11 450 £ 0,73 0,001

D-21 BMP-2 10,67 + 1,20 18,44 £+ 1,05 0,000
RUNX2 10,41 + 1,79 17,59 + 2,07 0,000
0OSX 10,38 + 3,76 15,87 + 3,40 0,041
OCN 12,33 £ 2,17 17,04 £ 1,70 0,005
OB 12,36 + 3,51 17,33 £ 2,29 0,029
0C 12,57 + 2,22 3,67 £ 0,69 0,000

D-28 BMP-2 13,41 + 2,00 17,16 + 1,44 0,009
RUNX2 12,90 + 1,83 16,54 + 2,21 0,022
0OSX 12,60 + 1,83 16,44 £ 2,52 0,025
OCN 13,42 £ 1,26 15,99 + 1,23 0,055
OB 14,68 + 3,24 18,34 + 1,98 0,047
0C 15,18 + 1,43 3,98 £ 0,73 0,000




BMP-2 (Bone morphogenic protein-2), RUNX2 (Runt-related transcription factor-

2), OSX (Osterix), OCN (Osteocalcin), OB (Osteoblast), OC (Osteoclast)

Table 2. Description of mean, standard deviation, and difference test between groups of

BMP-2 expression in the control and treatment groups on days 3, 7, 14, 21, and 28

GrouDs Days of evaluation P

P D-3 D-7 D-14 D-21 D-28
Control 6,41£1,83 10,76+1,97 11,58%2,65 10,671,20 13412200 _o o
Treatment 283%0.68 1519+1,61 17,11+1,98 1844+1,05 17,16x144 _,
P <0,05 <0,01 <0,01 <0,001 <0,01

Notes: D=days

Table 3. Description of mean, standard deviation, and difference test between RUNX-2

expression in the control and treatment groups, on days 3, 7, 14, 21 and 28

Evaluation days p
Group D-3 D-7 D-14 D-21 D-28
Control 5,040,54 838%2,5 9,51*1,60 10,41£1,79 12,90£1,83 g g0
Treatment 9710,86 12,2082,71 16,68+3,19 17,59+2,07 16,54£2,21 _q qq1
P <0.001 >0.05 <0.01 <0.001 <0.05

Notes: D=days



Table 4. Description of mean, standard deviation, and difference test between groups of

OSX expression in the control and treatment groups on days 3, 7, 14, 21 and 28

Evaluation days P
Groups 3 D-7 D-14 D-21 D-28

6,83+2,33 6,93 +2,47 8,63+2,83 10,38+3,76 12,60+1,83
Control <0,05

8,63+2,48 13,64+1,49 14,38+1,37 15,87+3,40 16,44+2,52
Treatment <0,01
P >0,05 <0,01 <0,01 <0,05 <0,05

Notes: D=days

Table 5. Description of the mean, standard deviation, and difference test between

groups of OCN expression in the control and treatment groups on days 3, 7, 14, 21 and

28
Evaluation days p
Groups D-3 D-7 D-14 D-21 D-28
7,59+1,92 11,14+2,02 10,13+3,77 12,23+2,17 13,42+1,26
Control <0,05
Treatment 11,86+1,45 13,20+1,87 17,51+1,87 17,04+1,70 15,99+1,23 <001
P <0,01 >0,05 <0,01 <0,01 >0,05

Notes: D=days



Table 6. Description of mean, standard deviation, and difference test between groups of

OB expression in the control and treatment groups on days 3, 7, 14, 21 and 28

Evaluation days p
Groups D-3 D-7 D-14 D-21 D-28
Control 6,214,440  7,47+2,62 8,0082,09 12,36%3,51 14,68£3,24 01
Treatment  15,06%0,97 11,89+2,26 13,85+1,83 17,33%2,29 18,34%1,98 <001
P <0,01 <0,05 <0,01 <0,05 <0,05

Notes: D=days

Table 7. Description of mean, standard deviation, and difference test between groups of

OC expression in the control and treatment groups on days 3, 7, 14, 21 and 28

Evaluation days P
Groups D-3 D-7 D-14 D-21 D-28
10,95+1,90 12,85+2,31 12,05+2,11 12,57+2,22 15,18+1,43
Control <0,05
8,40+0,60 4,50+2,16 4,50+0,73 3,67+0,69 3,98+0,73
Treatment <0,01
P <0,05 <0,01 <0,01 <0,001 <0,001

Notes: D=days



