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ABSTRACT

Introduction: Tooth extraction before denture placement could result in trauma and damage to up to 50% of the 
alveolar bone, inducing bone resorption, and affecting the patient’s quality of life. Hydroxyapatite Gypsum Puger 
(HAGP) can be used as an alternative to bone graft material which degrades slowly, affecting the proliferation and 
activity of cells that are responsible for bone tissue engineering. This study aimed to analyze the regeneration mech-
anism of alveolar bone by administering the HAGP scaffold and observing the Stro-1, Runx-2, Osterix, and ALP 
expression. Methods: Laboratory experimental research was conducted and we used 150-355µm HAGP scaffold 
particles, applied in vivo inside alveolar sockets of the rats for 7, 14, and 28 days, followed by immunohistochemical 
examination of Stro-1, Runx-2, Osterix, and ALP expressions. Results: The HAGP scaffold group showed that the 
Stro-1 expression was significantly higher than the K(-) group, and the Runx-2 expression increased on day 7 and 
decreased on day 28 in the HAGP and K(-) groups. Osterix expression increased from day 7, 14, to day 28. The high 
expression of Osterix on day 28 means it took over the Runx-2 function. In ALP there was a significant increase on 
day 7. ALP expression was a sign of early osteoblast differentiation and production by cells, this extracellular matrix 
mineralization is an indicator of the osteogenic process. Conclusion: Alveolar bone regeneration mechanism in rats 
revealed that the expression of Stro-1, Runx-2, Osterix, and ALP was higher in the HAGP scaffold group compared 
to the control group on days 7,14, and 28.  
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INTRODUCTION

Tooth extraction before denture placement can result 
in extraction-related trauma and damage to the alveolar 
bone by more than 50%. Physiologically, alveolar 
bone resorption will occur following tooth extraction 
(1). Furthermore, the effect of alveolar bone resorption 
will affect the success rate of dentures, and usage 
hence in turn affecting the quality of life of a person. 
Some literature stated that many patients experience 
various problems related to chewing function, difficulty 
speaking, and poor aesthetics due to the failure of 
denture placement associated with the resorption of the 
alveolar bone (2,3).

In the scope of Prosthodontics, alveolar ridge resorption 

turns out to be a major problem for dentists because 
it affects the support, retention, stabilization, and 
masticatory function of denture users. The incidence of 
alveolar ridge resorption will be more pronounced if the 
socket of the alveolar ridge from the tooth extraction is 
not immediately preserved using graft material (4). 

Based on such a phenomenon, it is necessary to address 
post-tooth extraction before denture placement. One 
of the promising graft materials for preservation is 
hydroxyapatite from Gypsum Puger. Gypsum Puger 
has been successfully synthesized into hydroxyapatite 
powder (5). HAGP powder has been successfully 
synthesized into HAGP scaffold with 100% purity 
level of hydroxyapatite by XRD test, SEM examination 
found abundant pores on the scaffold with an average 
size of 30 µm that the results are the same or there is a 
pattern similar to the HAB scaffold (the gold standard). 
This material degrades slowly based on the HAGP 
scaffold degradation test. This will affect the cellular 
proliferation and activity so that it enters and grows 
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into the scaffold which helps with tissue engineering. 
Imported scaffolding materials are relatively expensive, 
so this HAGP, which comes from abundant natural 
materials in Indonesia, can be used as a high-quality 
material with bone composition. However, this HAGP 
has a brittle weakness, therefore if further research is 
carried out, it can be added with biopolymer material to 
increase its mechanical strength (6). 

In other studies related to bone regeneration mechanisms, 
it is stated that the differentiation of osteoblasts into 
bone cells is regulated by transcription factors such 
as Stro-1, Runx2, Osterix, and Alkaline Phosphatase 
(ALP) (7). Stro-1 is a cell surface antigen expressed 
by stromal elements in the human bone marrow. A 
subset of STRO-1 positive enriched marrow cells was 
able to differentiate several mesenchymal lineages 
including stromal cells that support hematopoiesis with 
a phenotype in osteoblasts. Runx2 is a master gene that 
has a prominent role in the process of differentiation of 
mesenchymal cells into osteoblasts as cells for alveolar 
bone regeneration, osterix in bone regeneration for 
evaluation of osteoblast maturation so that it can show 
osteocyte formation, ALP is the main protein of the bone 
matrix. Active osteoblast cells produce osteoid tissue 
and secrete large amounts of alkaline phosphatase, 
which plays an important role in depositing calcium and 
phosphate into the bone matrix (8–10).  The research 
objective was to analyze the expression of stro-1, 
runx-2, osterix, and ALP in the regeneration process of 
alveolar bone after administration of the Hydroxyapatite 
Gypsum Puger scaffold. 

MATERIALS AND METHODS

Preparation of experimental animals 
Before conducting the research, approval was obtained 
from the ethical feasibility team of the Faculty of 
Dentistry, the University of Jember, certificate No. 993 
/ UN.25.8 / KEPK / DL / 2020. Samples used lower jaws 
were carried out the removal of the first molar teeth from 
36 rats with the following criteria: age 12-14 weeks, 
males, body weight about 200-250 grams, standard 
feeding and drinking water ad libitum, maintenance of 
animals. 

HAGP scaffold preparation
The manufacture of HAGP scaffold material, namely 
gypsum powder from puger, was sieved with a particle 
size of <50µm. Weighing DHP with a mechanical 
balance to make a solution with a concentration of 
0.5 M. Weighing gypsum powder to be mixed with the 
solution, in a ratio of 5 g of powder and 400 ml of DHP 
solution. The solution is then put into the microwave 
and heated (hydrothermal process) at a temperature of 
100 0C for 30 minutes. The solution was then washed 
using distilled water and at the same time filtered using 
filter paper several times until the pH was neutral. 
Then the powder was dried in a microwave at 500C 

for 5 hours. Hydroxyapatite weighed 4 g mixed with 
liquid gelatin. Solid gelatin is melted with hot water at 
a temperature of 60 0C to become 10% liquid gelatin. 
Then 4 g of Hydroxyapatite mixed with liquid gelatin up 
to 10 ml were frozen and dried in a sublimation/freeze-
dried system. Then crushed and sieved with a particle 
size of 150-355 m. Then the Gamma radiation was 
sterilized at BATAN. Then the preparation of Scaffold 
HAGP concentration of 10% by mixing 0.05 grams of 
scaffold HAGP and 1.95 grams of Polyethylene Glycol 
(PEG). PEG is produced by mixing 3.92 grams of PEG 
400 (solid) with 0.98 grams of PEG 4000 (liquid) (11). 

HAGP scaffold applications 
A total of 36 male adult Wistar rats were divided into 
9 groups, namely the normal control group for 7 days 
(KN7), normal control for 14 days (KN14), normal 
control for 28 days (KN28), negative control group for 7 
days (K(-)7), negative control group for 14 days (K(-)14), 
the negative control group for 28 days (K(-)28, HAGP 
group for 7 days (HAGP7), HAGP group for 14 days 
(HAGP14), HAGP group for 28 days (HAGP28). 

Wistar rats were anesthetized intramuscularly using 
ketamine 100mg/ml and xylazine base 20mg/ml in 1:1 
ratio with a dose of 0.08-0.2 ml/kg BW. After the rats 
were anesthetized, the mandibular left first molar was 
extracted using a needle holder. Then the application of 
10% HAGP scaffold as much as 0.1 g into the extraction 
socket is then sewn. Then preservation is done by 
inserting the HAGP scaffold material into the extraction 
socket and then suturing it. The observation was placed 
for 7, 14, and 28 days. The rats were sacrificed, and 
we carefully cut the left mandible from anterior to 
posterior and washed it with PBS. The alveolar bone 
demineralization was carried out using 15% EDTA 
solution for 4-6 weeks (the solution was renewed every 
3 days). 

Immunohistochemical staining of Stro-1, Runx-2, 
Osterix, and ALP
After that, we proceed to create paraffin block preparation 
and Immunohistochemically stained it for Stro-1, Runx-
2, Osterix, and ALP by locking the slide with PBS Ph 
7.4 once for 5 minutes. Blocking endogenous peroxide, 
wash water, then PBS, enzymes, wash PBS again, and 
then add anti-rat mouse antibodies. Blocking unspecific 
protein using 5% FBS containing 0.25% Triton X-10 and 
washing using PBS pH 7.4 three times for 5 minutes. 
Incubation using anti-mouse anti-rat to connect anti-
mouse then given anti-mouse biotinylated label, after 
that washing PBS was given streptafubi conjugated with 
HRP, then washing and then given substrate (peroxidase 
and chromogen) then washing was given hematoxylin 
washing, dehydration covered with cover glass. Lastly, 
the examination was performed with a light microscope.

Statistical analysis 
The data obtained were subjected to statistical analysis 
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with a Statistical Package for the Social Sciences (SPSS) 
software, version 22. All scale variables were analyzed 
for normality and homogeneity tests. If the data were 
normally distributed, there was a need to conduct 
parametric tests using One Way ANOVA followed 
by Least Significant Difference (LSD). The p < 0,05 
indicated statistical significance. 

RESULTS

Examination results of Runx2, Osterix, and ALP Stro1 
Expressions in the Normal Control (KN), Negative 
Control (K -), Hydroxyapatite Gypsum Puger (HAGP) 
scaffold on days 7, 14, and 28 are shown in Figure 1.

The results of the stro1 expression data were analyzed 
using the Shapiro Wilk normality test and the p>0.05 
result indicates that the data were normally distributed. 
Then the homogeneity test with the Levene test was 
carried out, resulting in p = 0.04 which means that the 
data variance was not homogeneous among the groups, 
then we continued with the Brown-Forsythe test and 
obtained p = 0.000, which means there is a difference 
in stro1 between groups (Table I). After that, the multiple 
comparisons Games-Howell test was performed to 
find out which group pairs are different. From the 
analysis, there were significant differences between 
groups KN7 and HAGP14 (p = 0.001), between groups 
KN14 and HAGP7 (p = 0.030), between groups KN14 
and HAGP14 (p = 0.034 ), between groups KN28 and 
HAGP7 (p = 0.037 ), between the KN8 and HAGP14 
groups (p=0.002). Details of the Stro-1 expression can 
be seen in figure 2.       

Figure 2: The immunohistochemical examination of Stro-1 expression is shown by the arrow. There appears to be a difference 
between the treatment groups, KN, K(-), and HAGP. (IHC staining. 400x magnification; Nikon H600L microscope; 300 megapix-
els DS Fi2 camera)

Figure 1: Average expression of Stro-1, Runx2, Osterix, and 
ALP in the HAGP7 group which was the highest followed by 
HAGP14, HAGP28, K (-) 7, K (-) 28, K (-) 14, KN7, KN14, 
KN28.

Table I: Description of the Stro1, Runx2, Osterix and ALP expression 
data among the treatment groups

Group Stro1 Runx2 Osterix ALP

Mean SD Mean SD Mean SD Mean SD

KN 7 7.200 0.200 2.733 0.153 3.467 0.416 3.500 0.755

KN 14 7.167 0.681 2.700 0.400 3.533 0.153 3.600 0.300

KN 28 6.600 0.400 2.667 0.208 3.567 0.208 3.567 0.153

K(-)7 9.200 1.652 6.400 0.265 6.067 0.115 7.233 0.513

K(-) 14 8.733 0.839 5.667 0.252 6.800 0.265 7.767 0.551

K(-) 28 8.800 0.854 5.033 0.306 7.000 0.100 8.033 0.513

HAGP 7 13.533 1.266 8.233 0.153 8.133 0.321 9.900 0.173

HAGP 14 10.833 0.252 7.467 0.503 9.067 0.153 9.033 0.351

HAGP 28 10.033 0.850 6.800 0.400 10.467 0.643 8.767 0.611

Note : Significant at α=0.05

Runx2 Expression Results
The results of the Runx2 expression data were analyzed 
using the Shapiro Wilk normality test, which was 
found to be p> 0.05, this indicates that the data were 
normally distributed. After that, the homogeneity test 
with the Levene test was performed with a score of p = 
0.652, which means that the variance of the data was 
homogeneous between groups. Then ANOVA test was 
carried out with the result of p = 0.000, which means 
that there are differences in Stro1 among the groups. 
Lastly, we did multiple comparisons with LSD to find 
out which group pairs are different. The results of the 
different test using LSD analysis showed that the Runx-2 
expression was significantly different, namely between 
groups K(-) 7 and HAGP 7 (p= 0.000), between groups 
K(-) 14 and HAGP 7 (p= 0.000), between groups K (-) 
28 and HAGP 7 (p=0.000), between groups HAGP 14 
and HAGP 7 (p=0.008), between groups HAGP 28 and 
HAGP 7 (p=0.000), between groups K(-) 7 and HAGP 
14 ( p=0.001) , between groups K(-) 14 and HAGP 
14 (p=0.001), between groups K(-) 28 and HAGP 14 
(p=0.000), between K(-) 28 and HAGP 14 (p=0.000), 
between groups HAGP 28 and HAGP 14 (p=0.018), 
between groups K(-)14 and HAGP 28 (p=0.000), 
between groups K(-) 28 and HAGP 28 (p=0.000), this 
indicates that the treatment on the 7th day of expression 
increased and the longer the treatment the Runx-2 
expression decreased, namely in the HAGP group on 
day 28, in accordance with other studies that research 
conducted with HA preservation on day 7 can increase 
the expression of Runx-2 which regulates MSCs to 
differentiate into osteoprogenitor and preosteoblast 
directions. both, directly and indirectly, regulate the 
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number of other specific genes for osterix and type 1 
collagen (12,13).  Meanwhile, on day 28, the expression 
of Runx-2 between HAGP and control was significantly 
different (Figure 3).

Osterix Expression Results
The results of the Osterix expression data were analyzed 
using the Shapiro Wilk normality test and the value 
was p>0.05, this indicates that the data were normally 
distributed. Then we conducted a homogeneity test 
using the Levene test with a score of p=0.009 which 
means that the data variance was not homogeneous 
between groups. After that, we performed the Brown-
Forsythe test with the result of p=0.000, which means 
there is a difference in Stro1 among the groups, followed 
by multiple comparisons Games-Howell to find out 
which group pairs are different. The results of the 
different tests with Games-Howell analysis showed that 
there was a significant difference in Osterix expression 
between groups K(-)7 and HAGP 7 (p=0.023), between 
groups K(-) 7 and HAGP 14 (p=0.000), between groups 
K (-) 7 and HAGP 28 (p= 0.029), between groups K(-) 
14 and HAGP 7 (p= 0.048), between groups K(-) 14 
and HAGP 28 (p=0.027), between groups K(- ) 28 and 
HAGP 14 (p=0.001), between groups K(-)14 and HAGP 
28 (p=0.027), this means that between HAGP and K(-) 
can be said to be not the same in Osterix expression, 
because in group K(- ) rats that have been extracted but 
not given scaffold material. Microscopic examination of 
osterix expression can be seen in Figure 4.                    

Alkaline Phosphatase (ALP) Expression Result
The results of the ALP expression data were analyzed 
using the Shapiro Wilk normality test, it was then obtained 

p> 0.05 which indicates that the data were normally 
distributed. We followed by the homogeneity test with 
the Levene test obtained p = 0.263 meaning that the 
variance of the data was homogeneous between groups, 
then we proceed with the Anova test, and it obtained p 
= 0.000 which means that there are differences in ALP 
between groups. Lastly, we did multiple comparisons 
with LSD to find out which pairs of groups are different. 
The LSD analysis revealed that there was no difference 
in ALP expression between the KN7, KN14, and KN28 
groups, because in the normal control group (KN) on 
days 7, 14, and 28, no tooth extraction was performed 
thus no preservation was carried out so the expression 
was not different, K (-) 28 and HAGP 28 were not 
different either. However, in the K (-) 28 group, there 
was an increase in expression, whereas in the HAGP28 
group there had been a decrease in ALP expression 
from day 7 and the numbers for both groups were 
nearly identical. Meanwhile, the other groups differed 
significantly on days 7, 14, and 28. The ALP expression 
is shown in Figure 5.     
 
DISCUSSION

The expression of strong-1 was significantly higher in 
the HAGP group compared to the K(-) group. Stro1 is an 
early marker for cells in the osteogenic differentiation 
process. In vitro research stated that the expression of 
stro1 increased on day 7 and day 14, then declined 
steadily on day 28 (14,15). Stromal precursor antigen-1 is 
a marker for MSCs. Stro-1 is considered an early marker 
of MSCs, stromal precursor cells, and characteristic of 
progenitor cells (16,17).

Figure 3: Immunohistochemical examination revealed Runx-2 expression, shown by the arrow. There is a noticeable difference 
between the treatment groups, Runx-2 expression in the KN, K(-), and HAGP groups (IHC stain, 400x magnification; Nikon H600L 
microscope; 300 megapixels DS Fi2 camera)

Figure 4: Immunohistochemical examination results of Osterix expression are shown by the arrow. There appears to be a 
difference between the treatment groups, KN, K (-), and HAGP. (IHC stain. 400x magnification; Nikon H600L microscope; 300 
megapixels DS Fi2 camera)
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In this study, Runx-2 expression increased on day 7 and 
decreased on day 28 in the HAGP and K (-) groups that 
indicating that Runx-2 is the main transcription factor in 
osteogenic differentiation in MSCs (12,17), and a surge 
of Runx-2 expression on day 7 was due to differentiation 
of MSCs into preosteoblasts or immature osteoblasts, and 
on day 28 there was a decrease in Runx-2 expression 
due to the occurrence of mature osteoblast processes 
(18).  

The expression of osterix in the HAGP group means 
that osteoblast maturation happened faster in the HAGP 
group, to previous studies that the expression of osterix 
is regulated and required during osteoblast maturation 
(18). The high osterix expression was in line with the 
lower Runx-2 expression in the HAGP group on day 
28 because osterix was also an important transcription 
factor and was not downstream to Runx-2 (19). Osterix 
expression that was found higher in HAGP compared to 
K(-) indicated that osteoblasts matured in HAGP to form 
osteocytes were faster than in K(-). According to table 
1. in this study, it was found that the Osterix expression 
increased from day 7, 14 to day 28. The high expression 
of Osterix on day 28 seems to replace the Runx-2 
function because on day 28 the Runx-2 expression 
decreases when compared to day 7 (20,21). 

In the ALP expression the longer the treatment took 
the lower the expression, it can be seen in the HAGP 
group on day 28, this is by other studies that there was 
a significant increase in ALP on day 7, ALP expression 
could be a sign of early osteoblast differentiation and 
production. This indicates the presence of extracellular 
matrix mineralization which is an indication of 
osteogenic (17,22,23).  The ALP expression assessment 
is performed to assess the osteoblastic differentiation 
process in bone tissue (24).

Briefly, the analysis for bone regeneration associated 
with the HAGP 7, HAB 7 and HAB 28 groups showed a 
significant pathway to Runx-2 resulting in the formation 
of the trabecular bone area, whereas in group 28 there 
was a significant pathway analysis to Runx-2, osterix 
until the formation of broad bone trabeculae. At high 
Osterix it will cause ossification and further maturation 

will occur in the bone that is still in the process of 
walking.

Increased bone mass in the alveolar ridge socket as 
the main protein which is the largest composition in 
the bone matrix that has a pathway to the area of bone 
trabeculae. Path analysis in the HAGP 28 group has a 
mechanism for a faster bone regeneration process than 
the other groups so that the HAGP scaffold can be used 
as an alternative as a scaffold base material for bone 
socket regeneration.

The process of bone regeneration will occur faster if 
the addition of bone graft material. The mechanism of 
bone regeneration is the presence of bone grafts that 
are preserved in bone tissue and in that tissue, there 
are also endogenous MSCs which are characterized 
by the increased stro-1 expression on day 7 and day 
14 then differentiation proliferation will occur to 
stimulate osteoprogenitor cells to become osteoblasts. 
Osteoblasts transcribe Runx 2 and osterix. Osteoblasts 
can secrete alkaline phosphatase then mineralization 
and ossification will occur so that bone trabeculae are 
formed or bone regeneration occurs (25,26). 
 
CONCLUSION

In the mechanism of alveolar bone regeneration in rats, 
the expression of Stro-1, Runx-2, Osterix, and ALP were 
higher in the HAGP group than in the control group on 
days 7,14, and 28. Limitations of research conducted 
in vivo need to be extended to further studies in large 
animals to alveolar bone remodeling which requires the 
formation of old bone. While this research is a maximum 
of 28 days, even though the bone regeneration process 
takes a longer time. Further experimental research 
is needed to assess a more perfect bone regeneration 
process. The future perspective of this material will form 
a commercial product.
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Figure 5: Immunohistochemical examination results of ALP expression are shown by arrows. It can be seen that there is a dif-
ference between the treatment groups, KN, K (-), and HAGP. (IHC staining. 400x magnification; Nikon H600L microscope; 300 
megapixels DS Fi2 camera)
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