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Ridge preservation is an important technique for maintaining the dimensions of the alveolar bone following tooth extraction,
which is crucial for successful tooth rehabilitation. The combination of bovine amniotic membrane and hydroxyapatite has shown
promise as a scaffold material containing growth factors that can stimulate osteogenic-related factors such as bone morphogenetic
protein 2 (BMP2), Runt-related transcription factor 2 (RUNX2), and osteocalcin. This stimulation leads to collagen production
and osteoblast proliferation, resulting in new bone formation. In this study, bovine amniotic membrane-hydroxyapatite (BAM-
HA) composites were prepared using three different ratios of bovine amniotic membrane and hydroxyapatite (2:3, 3:7, 7:13).
Thirty Sprague-Dawley rats had their first incisors extracted, and different types of BAM-HA were applied for ridge preservation.
The control group received no treatment, while the positive control group was given xenograft. After 14 and 28 days, the animals
were sacrificed, and immunohistochemical analysis was performed to evaluate the expression of BMP2, RUNX2, and osteocalcin.
Additionally, a histological examination was conducted to analyse collagen thickness and osteoblast cell proliferation. The results
demonstrated that the application of BAM-HA significantly increased collagen density, osteoblast cell proliferation, and the
expression of BMP2, RUNX2, and osteoclacin compared to the control group (p < 0.05) on both days 14 and 28. Furthermore,
increasing the hydroxyapatite content in the composite was found to enhance collagen thickness, osteoblast cell proliferation, and
the expression of osteogenic-related factors. These preliminary findings suggest that the combination of BAM-HA can be used for
ridge preservation to prevent further bone resorption following tooth extraction.

1. Introduction

Dental implant restoration is currently considered a viable
option for patients who have experienced partial or complete
tooth loss [1]. Dental implants’ success depends on the al-
veolar bone’s quantity and quality [2]. In successful dental
implants, the quality of the alveolar bone can be considered
good if the resorption process is less than 1 mm within a year
[3]. Therefore, strategies for preserving the alveolar bone

after dental extraction are necessary to achieve and maintain
the quality of the alveolar bone. The ridge preservation
represents a challenging technique that involves active
biomaterials or autologous bone placed in the alveolar socket
after the tooth extraction [4]. The goal of ridge preservation
is to maintain the alveolar bone and minimise or prevent
alveolar bone resorption [5].

The amniotic membrane is one potential osteoinductive
biomaterial for bone healing [6]. One of the common
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amniotic membranes used is a bovine amniotic membrane
(BAM), which contains various types of collagen and growth
factors [7]. The bovine amniotic membrane shares simi-
larities with the human amniotic membrane [8]. The growth
factors found in the amniotic membrane include epidermal
growth factor (EGF), transforming growth factor alpha and
beta (TGF-a and TGF-f3), keratinocyte growth factor (KGF),
hepatocyte growth factor (HGF) and basic fibroblast growth
factor (bFGF) [9]. In addition, the extracellular matrix of the
bovine amniotic membrane consists of various types of
collagen, laminin, nidogen, fibronectin, and proteoglycans
[10]. Several studies have shown that the amniotic mem-
brane expresses C-X-C chemokine receptor type 4 (CXCR-
4), monocyte chemoattractant protein-1 (MCP-1), osteo-
calcin, and cathepsin K (CatK), indicating its osteoinductive
ability [6].

Hydroxyapatite (HA) is a biomaterial that contains
stable calcium phosphate salts with a chemical formula of
Cajp (POy)s (OH),, plays a role in bone formation, or
substitution and can be used for ridge preservation [11]. The
role of hydroxyapatite in bone is to act as a scaffold [12],
provide osteoconductive properties, and stimulate osteoblast
differentiation during bone remodelling [13]. Combining
the bovine amniotic membrane with hydroxyapatite (BAM-
HA) is interesting because these materials may possess
synergistic abilities and proceed with bone regeneration. The
first research showed that the combination of bovine amnion
membrane and hydroxyapatite with a ratio of 7 : 13 produced
the desired characteristics, such as a pore size of 155.625 ym,
porosity of 89.23% [14], and maximum swelling ability [15].
This characteristic depends on the ratio of the amniotic
membrane; an increased ratio leads to an increase in pore
size and porosity [14].

The synergistic combination of bovine amniotic mem-
brane and hydroxyapatite holds great promise as a material
for ridge preservation, effectively maintaining the quality
and quantity of alveolar bone. The study employed histo-
logical and immunohistochemical analysis to examine the
proliferation phase [16] and remodelling phase [5]. In vivo,
tests were conducted to evaluate collagen thickness, osteo-
blast cell proliferation and the expression of BMP2, RUNX2,
and osteocalcin. Collagen, an integral component of wound
healing, plays a crucial role in the early stages of bone healing
[17]. Osteoblast cells serve as markers for alveolar bone
healing and express bone-forming proteins. BMP2, known
for its ability to induce bone formation [18], and RUNX2,
which promotes osteoblast differentiation and stimulates
osteocalcin production, were also analyzed. Osteocalcin, in
turn, facilitates calcium binding to the bone matrix, aiding in
late-stage osteoblast differentiation [19]. To investigate the
potential of bovine amniotic membrane and hydroxyapatite
in various ratios (2:3, 3:7, and 7:13) and find the optimum
combination for alveolar ridge preservation, the current
study focused on analyzing collagen density, osteoblast
activity, and osteogenic markers, including BMP2, RUNX2,
and osteocalcin.

International Journal of Biomaterials

2. Materials and Methods

2.1. Bovine Membrane Amnion Preparation. The bovine
amniotic membrane was obtained from a female Bos jav-
anicus domesticus. The bovine amniotic membrane was
initially washed to remove blood clots using a 0.05% saline
solution, with each washing step lasting 10 minutes. Sub-
sequently, it was further washed with Aquadest until the
saline solution became clear. The cleaned bovine amniotic
membrane was then kept at a temperature of —80°C for
24 hours in a freezer. After that, freeze-drying was per-
formed for 24 hours at —100°C. The resulting product was
obtained in sheet form.

2.2. Hydroxyapatite Preparation. Cancellous bone samples
(cancellous bone originating from the spongy part of the
hump) were obtained from a seven-year-old female Bos
javanicus domesticus. The bone samples were cut into small
pieces and thoroughly washed with water. Subsequently, the
bone pieces were placed in an ultrasonic shaker at 60°C to
remove the fat content. After this process, the bones were
washed again using Aquadest.

Following the washing step, the bone pieces were air-
dried and then subjected to a furnace at 1000°C for one hour
for burning. After burning, the bones were washed 3-4 times
using Aquadest.

The bones were then dried again in an oven at a tem-
perature range of 60-100°C until completely dry. Once
thoroughly dried, the bones were ground into particles using
a bone miller until they reached a particle size of 150 ym.

2.3. Combination of Bovine Membrane Amnion and
Hydroxyapatite. The bovine amniotic membrane and hy-
droxyapatite (BAM-HA) combination was prepared with
three different weight ratios of bovine amniotic membrane
to hydroxyapatite, namely 2:3, 3:7, and 7:13 (weight/
weight). A predetermined weight of amniotic membrane
was soaked in 40 ml of 0.9% natrium chloride solution for
five minutes. Subsequently, the bovine amniotic membrane
was homogenised using a blender for 10minutes until
a homogenous amniotic slurry was obtained. The bovine
amnijotic slurry was then mixed with the previously prepared
HA powder. The mixture was stirred until homogenous and
transferred into a Petri dish with a diameter of 10 cm. The
Petri dish was then stored in a freezer at —80°C for 24 hours,
followed by freeze drying for another 24 hours at a tem-
perature of —100°C. The resulting combination formed
sponge-like structures, which were further sterilised with
a gamma radiation dose of 25 Gy (Figure 1).

2.4. Animals. A total of 30 male Sprague-Dawley rats (four
months old, 300 g) were subjected to a seven-day adaptation
period before the commencement of the experimental
treatments. Each rat was individually housed in covered
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FiGure 1: The combination of bovine amniotic membrane and hydroxyapatite in 3 different ratios 3:7 (b), 7:13 (c), 2: 3 (d), and xenograft

was used as a control (a).

cages (dimensions: 39 x 42 x 15 cm). The rats had sufficient
food, water, ventilation, and appropriate lighting conditions.
They were fed twice daily, with a total of 20 grammes of
standard diet per rat. Additionally, the rats received
deworming, antiectoparasites, and vitamins as additional
supplements to support their overall health.

2.5. Alveolar Bone Regeneration Model. The alveolar bone
regeneration model was established in rats, beginning with
the extraction of the first mandibular incisor on the right
side. During the extraction process, the rats were anaes-
thetised by intraperitoneal administration of ketamine and
xylazine (2:1, v/v).

The extraction procedure involved initially destroying
the periodontal ligament using a probe. Once the buccal,
lingual, mesial, and distal aspects of the periodontal ligament
were detached, the tooth was gently removed using a dental
excavator until it was completely and instantly removed.
After the completion of extraction, each rat was assigned to
its respective treatment, as mentioned in Table 1.

Following the application of amnion membrane and
hydroxyapatite in the socket, suturing was performed using
three stitches of catgut (0.4u) thread. The rats were ad-
ministered antibiotics (ampicillin) and analgesics (para-
cetamol) to mitigate potential side effects from the
extraction, such as swelling and pain.

2.6. Alveolar Bone Regeneration Analysis. After 14- and
28 days post-tooth extraction, all animals were euthanised
using an overdose of ketamine (95 mg/kg body weight)
and xylazine (5mg/kg body weight). The mandible was
collected, and sagittal dissection was performed on the
alveolar bone in the anterior tooth region. The alveolar
bone was then immersed in 10% neutral-buffered for-
malin for fixation, followed by decalcification using 30%
ethylenediaminetetraacetic acid (EDTA) for seven days.
The tissue samples were subsequently embedded in par-
affin and sectioned into 5pum thick transverse slices for
collagen density, osteoblast, BMP2 expression, RUNX2
expression, and osteocalcin expression.

2.6.1. Osteoblast Analysis. Osteoblasts were analyzed in the
alveolar bone using hematoxylin and eosin tissue staining.
The quantification of osteoblasts was performed by counting
the number of osteoblasts at the edge of the alveolar bone
socket under a light microscope at a magnification of 400 x.
Five different regions of interest were examined in each
preparation or sample to ensure a representative analysis.

2.6.2. Collagen Density Analysis. The collagen density
analysis was performed by evaluating the thickness of col-
lagen fibers in histologically stained tissue exhibiting a bluish
hue following Masson’s Trichrome staining. The quantifi-
cation of collagen density was conducted based on a scoring
system according to the following criteria: 0 (absence of
collagen fiber appearance), 1 (very thin/few collagen fibers
observed), 2 (thin and scattered collagen fibers observed)
and 3 (thick and widely distributed collagen fibers observed).
A light microscope at a magnification of 400x and five
different regions of interest were examined in each prepa-
ration or sample to ensure representative analysis.

2.6.3. BMP2, RUNX2, and Osteocalcin Expression. BMP2,
RUNX2, and osteocalcin expression were analyzed in al-
veolar bone using indirect immunohistochemistry staining.
The primary antibodies were BMP2 (1:100), RUNX2 (1:50),
and osteocalcin (1:200) from Affinity Biosciences, Inc.,
USA. The 3,3'-diaminobenzidine (DAB) system was used as
the secondary antibody (Universal HRP Excell Stain, Biogear,
Life Science). Haematoxylin 560 was used as the counterstain
(Leica Biosystem).

The quantification of BMP2 and osteocalcin was per-
formed by counting the chondrocytes showing immuno-
reactivity, visualized as brown staining in the nucleus and
cytoplasm. Similarly, the quantification of RUNX2 was
carried out by counting the osteocytes showing immuno-
reactivity, visualized as brown staining in the nucleus and
cytoplasm. This analysis was performed in five different
regions of interest using a ZEISS AXIO SCOPE AI micro-
scope equipped with an AxioCam digital camera. The images
were captured and analyzed using Zen 3.4 software at
a magnification of 40x.
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TaBLE 1: The animal designated group treatment after tooth extraction.

Name of groups Number of rats

Treatment!

Control 6
Xenograft® 6
A 6
B 6
C 6

Applied bio-oss collagen

Applied combination of amnion membrane and hydroxyapatite ratio 2:3
Applied combination of amnion membrane and hydroxyapatite ratio 3:7
Applied combination of amnion membrane and hydroxyapatite ratio 7:13

"The material applied has dimensions 3 x 10 mm. *Geistlich bio-0ss® collagen, Geistlich pharma AG, bahnhofstrasse, Wolhusen, Switzerland.

2.7. Statistical Analysis. The statistical analysis was con-
ducted using a one-way ANOVA to analyse the differences
in osteoblasts, collagen, BMP2, RUNX2, and osteocalcin
expression after administration of different ridge preser-
vation (control, xenograft, BAM-HA 2:3, BAM-HA 3:7
and BAM-HA7:13). A significance level of p < 0.05 was used
to determine statistically significant results. SPSS version 24
(IBM SPSS Statistic 24 for Windows, New York, NY, USA)
was used for the analysis.

3. Results

3.1. Collagen Number. The collagen density showed a higher
number in amnion membrane hydroxyapatite (3:7) and (7:
13) compared to the control (p < 0.05 and p < 0.001) on days
14 and 28 of observation. Compared to xenograft density
was lower in amnion membrane hydroxyapatite (2:3) and
(3:7) (p<0.05 and p<0.001) (Figure 2).

3.2. Osteoblast Number. The osteoblast showed a higher
number in all combinations of amnion membrane and
hydroxyapatite compared to the control (p <0.0001) on day
14 of observation. Compared to xenograft, the osteoblast
showed lower levels in all groups of amnion membrane
hydroxyapatite (p<0.05, p<0.001, p<0.0001). In the
28 days of observation, there was no significant difference
between control xenograft and all amnion membrane hy-
droxyapatite groups (Figure 3).

3.3. The BMP2 Expression. The BMP2 expression showed
a higher number in combination with amnion membrane
hydroxyapatite (3:7) and (7:13) compared to the control
(p<0.01 and p <0.0001) on days 14 and 28 of observation.
Compared to xenograft, BMP2 expression showed no sig-
nificant difference in all groups of amnion membrane hy-
droxyapatite. In 28 days of observation, a combination of
amnion membrane hydroxyapatite (7:13) showed a higher
expression compared to a combination of amnion mem-
brane hydroxyapatite (3:7) (Figure 4).

3.4. The RUNX2 Expression. The RUNX2 expression showed
a higher number in combination with amnion membrane
hydroxyapatite (7:13) compared to the control (p <0.001)
on day 14 of observation. Compared to xenograft all
combinations with amnion membrane hydroxyapatite
showed lower RUNX2 expression (p < 0.01 and p < 0.0001).
In 28 days, the RUNX2 expression showed a higher number
in all combinations of amnion membrane hydroxyapatite

compared to the control (p <0.001), but was not different
when compared with the xenograft groups (Figure 5).

3.5. The Osteocalcin Expression. The osteocalcin expression
showed a higher number in all combinations with amnion
membrane hydroxyapatite compared to the control
(p<0.001) on day 14 of observation. But, when compared
with xenograft, the osteocalcin expression was lower in all
groups of amnion membrane hydroxyapatite (p <0.05 and
P <0.001). In 28 days of observation, only a combination of
amnijon membrane hydroxyapatite (3:7) and (7:13) had
a higher osteocalcin expression compared to the control
(p<0.05 and p <0.01) (Figure 6).

4. Discussion

Collagen plays a crucial role in the bone regeneration
process. Collagen is the main protein component of the
extracellular matrix, which repairs damage and restores the
structure and anatomical function of tissues [20]. The ad-
ministration of BAM-HA results in higher collagen thick-
ness compared to the control group. The significant increase
in collagen thickness in the BAM-HA group is attributed to
the presence of various growth factors and proteomic se-
cretory leukocyte protease inhibitors (SLPI) [21]. SLPI also
plays a role in stimulating growth factors such as epidermal
growth factor (EGF), vascular endothelial growth factor
(VEGF), fibroblast growth factor (FGF), transforming
growth factor-B (TGF-f) and platelet-derived growth factor
(PDGF) [22]. These growth factors, particularly EGF, reg-
ulate epithelial cell motility, affecting the rate of re-
epithelialization and assisting wound contraction by stim-
ulating fibroblast proliferation and migration to restore
tissue integrity [23]. Additionally, TGF-f stimulates fibro-
blast activity in the secretion of fibroblast growth factor
(FGF), which binds to tyrosine kinase receptors, leading to
receptor autophosphorylation and subsequent phosphory-
lation of serine, threonine and tyrosine residues on specific
target proteins such as Raf-1, MAPK/Erk kinase (MEK), and
extracellular signal-regulated kinase-1 (ERK) [24]. Both FGF
and TGF-f increase fibroblast proliferation, thereby en-
hancing collagen synthesis [25, 26]. Moreover, BAM con-
tains collagen types I, III, IV, V, VI, and XV [27], which
further contribute to collagen formation at the site of the
wound [28] (Figure 7).

The increase in collagen thickness within the socket
stimulates the activity of osteoblasts, which are pivotal in the
process of bone regeneration. Osteoblasts serve as markers
of alveolar bone healing by expressing bone-forming
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F1GURE 2: The collagen analysis in alveolar bone using histopathology analysis using Masson Trichome staining. (a and b) The visualization
of alveolar bone in each group in 400 x magnification. The collagens were stained blue in colour. (¢ and d) The quantification of collagens
density in 14 days and 28 days of observation using ImageJ software. Asterix in C and D mean different collagen density among groups
analyzed using one-way ANOVA test and post hoc test. * p < 0.05; ** p < 0.01; *** p <0.001; **** p < 0.0001; ns = not significant (not shown).

Scale bar 100 ym.

proteins [29]. Similarly, the application of BAM-HA dem-
onstrates a higher number of osteoblasts compared to the
control group. The increased number of osteoblasts may be
a result of enhanced fibroblast proliferation and collagen
synthesis within the bone socket. As the increase in collagen
serves as a new tissue matrix, it is always accompanied by

angiogenesis, the formation of new blood vessels [30]. The
formation of new blood vessels indicates the entry into the
proliferation phase, allowing mesenchymal stem cells to
differentiate into osteoblasts to generate bone [31]. During
the proliferation phase, preosteoblast progenitor cells exhibit
alkaline phosphatase (ALP) activity and are considered
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FiGUure 3: The osteoblast analysis in alveolar bone using histopathology analysis using hematoxyline-eosin staining. (a and b) The
visualization of alveolar bone in each group in 400 x magnification. (c and d) The quantification of osteoblast in 14 days and 28 days of
observation. Asterix in C and D mean different osteoblast among groups analyzed using one-way ANOVA test and post hoc test. * p < 0.05;
**p<0.01; ***p<0.001; **** p<0.0001; ns=not significant (not shown). Scale bar 100 ym.

preosteoblasts. The transition from preosteoblasts to oste-
oblasts is characterised by an increase in the expression of
Osterix (Osx) and the secretion of bone matrix proteins.
Additionally, osteoblasts undergo morphological changes,
becoming larger and assuming a cuboidal shape [32].

The promotion of osteoblast activity is further facilitated
by the presence of hydroxyapatite in the bovine amniotic

membrane, where HA crystals serve as ligands that activate
signalling receptors and enhance the expression of osteo-
genic transcription factors. Osteoblast stimulation by hy-
droxyapatite can occur through the extracellular signal-
regulated kinase (ERK) signalling pathway [33]. Addition-
ally, fibronectin present in the amnionic membrane can
interact with hydroxyapatite and activate the ERK pathway
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FIGURE 4: The BMP2 expression in alveolar bone using indirect immunohistochemistry staining. (a and b) The visualization of alveolar bone
in each group in 400 x magnification. (c and d) The quantification of BMP2 expression in 14 days and 28 days of observation. Asterix in C
and D mean different BMP2 expression among groups analyzed using one-way ANOVA test and post hoc test. *p <0.05; **p <0.01;
***p<0.001; **** p<0.0001; ns=not significant (not shown). Scale bar 100 ym.

[34]. The ERK signalling pathway can also be stimulated by
the interaction of HA with the fibroblast growth factor
receptor (FGFr). FGFr binds to ligands that play a role in
activating mitogen-activated protein kinases (MAPKs) [35].
The increase in the number of osteoblasts observed through
the BAM-HA interaction via the ERK signalling pathway
indicates an accelerated stimulus for alveolar bone healing
(Figure 7).

On the other hand, various osteogenic markers also
exhibit increased expression in the group treated with BAM-
HA. One of the observed osteogenic markers is BMP2.
BMP2 is a protein known to induce bone formation and
plays a role in various biological processes of osteoblasts,
including proliferation, differentiation, and apoptosis [36].
The increased expression of BMP2 can be attributed to the
presence of growth factors such as TGF-§ in the bovine
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FiGURE 5: The RUNX2 expression in alveolar bone using indirect immunohistochemistry staining. (a and b) The visualization of alveolar
bone in each group in 400 x magnification. (c and d) The quantification of RUNX2 expression in 14 days and 28 days of observation. Asterix
in C and D mean different RUNX2 expression among groups analyzed using one-way ANOVA test and post hoc test. *p <0.05; ** p <0.01;
*** p<0.001; **** p <0.0001; ns=not significant (not shown). Scale bar 100 ym.

amniotic membrane, which can induce BMP2 expression.
The BMP or TGF-f pathway is essential for osteogenesis
both in vitro and in vivo [37]. When BMP2 binds to BMP
receptors located in lipid rafts, caveolae, and clathrin-coated
pits (CCPs), it activates the phosphorylation of BMPRII and
BMPRIa. This leads to the activation of Smad signalling or
non-Smad pathways. Non-Smad signalling pathways,

including ERK, phosphatidylinositol 3-kinase (PI3K), and
transforming growth factor-fB-activated kinase 1/binding
protein 1 (TAB1/TAK1), are activated. All these pathways
contribute to the differentiation of mesenchymal stem cells
(MSCs) and osteoprogenitors into osteoblasts [30, 38].
Another osteogenic marker is RUNX2, which is an
important factor in osteogenesis and osteoblast
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FIGURE 6: The osteocalcin expression in alveolar bone using indirect immunohistochemistry staining. (a and b) The visualization of alveolar
bone in each group in 400 x magnification. (c and d) The quantification of osteocalcin expression in 14 days and 28 days of observation.
Asterix in C and D mean different osteoclacin expression among groups analyzed using one-way ANOVA test and post hoc test. * p < 0.05;
**p<0.01; ***p <0.001; **** p <0.0001; ns = not significant (not shown). Scale bar 100 ym.

differentiation [39]. The increased expression of RUNX2 in
the BAM-HA group is also influenced by the initial role of
TGEF-f present in the bovine amniotic membrane, leading to
an enhancement of osteoprogenitors [40]. TGF-f3 activates
SMAD?3 and induces RUNX2 expression through the ERK
pathway, which transforms osteoprogenitors into pre-
osteoblasts. Additionally, the presence of FGF in the bovine

amniotic membrane can increase RUNX2 expression
through FGFRI1 receptors [41]. Through the upregulation of
RUNZX2 expression, there is also an increase in osteocalcin
production by osteoblasts.

Osteocalcin, the third osteogenic marker observed in this
study, is a non-collagenous protein initially identified in
bone and dentin as a calcium-binding protein secreted by
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mature osteoblasts, namely, osteocytes [42]. The increase in
osteocalcin in alveolar bone is a result of increased RUNX2,
which acts as a master regulator of osteogenesis, controlling
the expression of non-collagenous proteins such as osteo-
calcin that play a role in the final stages of osteoblast dif-
ferentiation, matrix binding of calcium, and induction of
mineralization [43]. The increased osteocalcin production is
expected to promote mineralization and facilitate the pro-
cess of alveolar bone regeneration.

Based on this research, the application of this bio-
composite material is not limited to just being a ridge
preservation material after extraction. However, it is also
hoped that it will be able to act as ridge preservation to
stimulate new bone and improve alveolar bone healing in
cases of large bone defect, such as cases of mini crestal sinus
removal, implant placement, and major craniofacial surgery
[30, 38]. The limitation of this study is no radiographic
examination to confirm the presence of new bone. This
examination is needed for the future application for human
application. In the other hand, alveolar bone healing takes
a longer time, it can take months to years, so it requires
observation of the research object for a longer time.

5. Conclusions

The application of BAM-HA in the socket after tooth ex-
traction showed an increase in bone remodelling. A higher
ratio of hydroxyapatite increases collagen density, osteo-
blast, and osteogenic-related factors such as RUNX2, BMP2,
and osteocalcin. This initial finding suggests that a combi-
nation of amnion membrane and hydroxyapatite can be
used as ridge preservation to maintain the quality and
quantity of alveolar bone. In large bone defects, it is also
hoped that this material can also stimulate bone healing
because the clot is the most powerful bone growth factor and
is autologous in that it provides all the cells for bone
transformation.
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bFGF: Basic fibroblast growth factor
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CatK: Cathepsin K

CCPs: Clathrin-coated pits

CXCR-4:  C-X-C chemokine receptor type 4
EDTA: Ethylenediaminetetraacetic acid
EGEF: Epidermal growth factor

ERK: Extracellular signal-regulated kinase-1
FGEF: Fibroblast growth factor
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KGF: Keratinocyte growth factor

MEK: MAPK/Erk kinase

MSCs: Mesenchymal stem cells

MAPKs:  Mitogen-activated protein kinases
MCP-1: Monocyte chemoattractant protein 1

Osx: Osterix

PI3K: Phosphatidylinositol 3-kinase

PDGE: Platelet-derived growth factor

RUNX2:  Runt-related transcription factor 2

SLPI: Secretory leukocyte protease inhibitors
TGF-a: Transforming growth factor alpha

TGF-: Transforming growth factor beta

Tablel/ Transforming growth factor-f-activated kinase
TAKI: 1/binding protein 1

VEGEF: Vascular endothelial growth factor.
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Ridge preservation is an important technique for maintainng the dimensions of the alveolar bone following looth extraction,
whichis crucial for successiul tooth rehabilitation. The combination of bovine amniotic membrane and hydroxyapatite has shown
promse as a scaflold matersal containing growth factors that can stimulate osteogenic-related factors such as bone morphogenetic
protein 2 {BMP2), Runt-related transcription factor 2 (RUNX2), and osteocaltin, This stimulation leads to collagen production
and osteoblast proliferation, resulting in new bone formation. In this study, bovine amniotic membrane-hydroxy: apatitc (BAM-

HA) compasites were prepared using three different ratios of bovine amniotic membrane and hydroxyapatite (2:3,3:7, 7: 130

Thirty Spragus-Dawley rats had their first incisers extracted, and different types of BAM-HA were applied for ridge preservation.
The control group received no treatment, while the positive contral group was given xenograft. Afer 14 and 28 days, the animals
were sacrificed, and immunochistochemical analysis was performed to evaluate the expression of BMP2, RUUNX2, and osteocalcin.
Additionally, a histalogical ion was conducted to analyse collagen thickness and osteoblast cell proliferation. The results
demnns:mled that the application of BAM-HA significantly increased collagen density. osteoblast cell profiferation, and the
expression of BMP2, RUNX2, and osteoclacin compared to the control group (p < 0.05) on both days 14 and 28, Furthermore.
increasing the hydroxyapatite content in the composite was found to enhance collagen thidkness, osteoblast cell proliferation, and
the expression of osteogenicrelated factors. These preliminary indings suggest that the combination of BAM-HA can be used for
ridge preservation to prevent further bone resorption following tooth extracion.

1. Introduction

Dental implant restoration is currently considered a viable
aption for patients who have experienced partial or complete
tooth loss [1], Dental implants’ success depends on the al-
veolar bone's quantity and quality [2]. In successful dental
implants, the quality of the alveolar bone can be considered
good if the resorption process 15 less than | mm within a year
[3]. Therefore, strategies for preserving the alveolar bone

after dental extraction are necessary to achieve and maintain
the quality of the alveclar bone. ‘The ridge preservation
represents a challenging technique that involves active
biomaterials or autologous bone placed in the alveolar socket
after the thoth extraction [4]. The goal of ridge preservation
15 to maintain the alveolar bone and minimise or prevent
alveolar bone resorption [3].

The amniotic membrane is one potential osteoinductive
biomaterial for bone healing [6]. One of the common




amniotic membranes used is o bovine amniotic membrane
(BAM), which contains various types of collagen and growth
factors [7]. The bovine amniotic membrane shares simi-
larities with the human amniotic membrane [8]. The growth
factors found in the amniotic membrane include epidermal
growth factor (EGF), transforming growth factor alpha and
beta (TGF-a and TGF-f), keratinocyte growth factor (KGF),
hepatocyte growth factor (HGF) and basic Abroblast growth
factor (bFGF) [9]. In addition, the extracellular matrix of the
bovine amniotic membrane consists of various types of
collagen, laminin, nidogen, fibronectin, and proteoglycans
[10]. Several studies have shown that the amniotic mem-
brane expresses C-X-C chemokine receptor type 4 (CXCR-
4), monocyte chemoattractant protein-1 (MCP-1), osteo-
calcin, and .:athepsin K (Catk), indicating its osteoinductive
ability [6].

Hydroxyapatite (HA) is a hiomaterial that contains
stable calcium phosphate salts with a chemical formula of
Cayy (POy)s {OH)a. plays a role in bone formation, or
substitution and can be used for ridge preservation [11], The
role of hydroxyapatite in bone is to act as a scaffold [12],
provide osteoconductive praperties, and stimulate osteoblast
differentiation during bone remodelling [13]. Combining
the bovine amniotic membrane with hydroxyapatite (BAM-
HA) is interesting because these materials may possess
synergistic abilities and proceed with bone regeneration. The
first research showed that the combination of bovine amnion
membrane and hydroxyapatite with a ratio of 7 : 13 produced
the desired characteristics, such asa pore size of 155,625 pm,
porosity of 89.23% [14], and maximum swelling ability [15].
This characteristic depends on the ratio of the amniotic
membrane; an increased ratio leads to an increase in pore
size and porosity [14].

The synergistic combination of bovine amniotic mem-
hrane and hydroxyapatite holds great promise as a material
for ridge preservation, effectively maintaining the quality
and quantity of alveolar bone, The study employed histo-
logical and immunchistochemical analysis to examine the
proliferation phase [16] and remodelling phase [5]. In vivo,
tests were conducted to evaluate collagen thickness, asteo-
blast cell proliferation and the expression of BMP2, RUNXZ,
and osteocalcin. Collagen, an integral component of wound
healing, plays a crucial role in the eardy stages of bone healing
[17]. Ostenblast cells serve as markers for alveolar bone
healing and express bone-forming proteins. BMP2, known
for its ability to induce bone formation [18], and RUNX2,
which promotes osteoblast differentiation and stimulates
osteocalcin production, were also analyzed. Ostencalcin, in
turn, facilitates calcdum binding to the bone matrix, aiding in
late-stage psteoblast differentiation [19]. To investigate the
potential of bovine amniotic membrane and hydroxyapatite
in various ratios (2:3,3:7 and 7:13) and find the optimum
combination for alveolar r'tdge preservation, the current
study focused on analyzing collagen density, osteoblast
activity, and nsteogenic markers, induding BMP2, RUNX2,
and osteocalcin.
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2. Materials and Methods

21, Bovine Membrane Amnion Preparation. The bovine
amniotic membrane was obtained from a female Bos jay-
anicus domesticus. The bovine amniotic membrane was
initially washed to remove blood clots using a 0.05% saline
solution, with each washing step lasting 10 minutes. Sub-
sequently, it was further washed with Aquadest until the
saline solution became clear. The cdeaned bovine amniotic
membrane was then kept al a temperature of —80°C for
24hours in a freezer. After that, freeze-drying was per-
tormed for 24hours at —100°C. The resulting product was
obtained in sheet form.

2.2 Hydroxyapatite Preparation. Cancellous bone samples
(cancellous bone originating from the spongy part of the
hump) were obtained from a seven-year-old female Bos
Javanicus domesticus. The bone samples were cut into small
pieces and thoroughly washed with water. Subsequently, the
bone pieces were placed in an ultrasonic shaker at 60°C 1o
remove the fat content. After this process, the bones were
washed again using Aquadest.

Following the washing step, the bone pieces were air-
dried and then subjected to a fumace at 1000°C for one hour
tor burning. After burning, the bones were washed 3-4 times
using Aquadest.

The bones were then dried again in an oven at a tem-
perature range of 60-100°C until completely dry. Once
thoroughly dried, the bones were ground into particles using
a bone miller until they reached a particle size of 150 gm.

2.3 Combination of Bovine Membrane Amnion and
Hydroxyapatite. The bovine amniotic membrane and hy-
droxyapatite (BAM-HA) combination was prepared with
three different weight ratios of bovine amniotic membrane
to hydroxyapatite, namely 2:3, 3:7, and 7:13 (weght/
weight). A predetermined weight of amniotic membrane
was spaked in 40ml of 0.9% natrium chloride solution for
five minutes, Subsequently, the bovine amniotic membrane
was homogenised using a blender for 10minutes until
a homogenous amniotic slurry was obtained. The bovine
amniotic slurry was then mixed with the previously prepared
A powder, The mixture was stirred until homogenous and
transferred into a Petri dish with a diameter of 10cm, The
Petri dish was then stored in a freezer at —80°C for 24 hours,
followed by freeze drying for another 24hours at a tem-
perature of —100°C. The resulting combination formed
sponge-like structures, which were further sterilised with
a gamma radiation dose of 25Gy (Figure 1).

2.4 Animals. A total of 30 male Sprague-Dawley rats (four
maonths old, 300 g} were subjected to a seven-day adaptation
perind before the commencement of the experimental
treatments. Each rat was individually housed in covered
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Fruge 1: The combination of bovine amniotic membrane and hydroxyapatite in 3 differentratios 3:7 (h), 7:13 {c), 2: 3 (d}. and xenograft

was used as a control (a)

cages (dimensions: 39 x 42 x15cm). ‘The rats had sufficient
food, water, ventilation, and appropriate lighting conditions.
They were fed twice daily, with a total of 20 grammes of
standard diet per rat. Additionally, the rats received
deworming, antiectoparasites, and vitamins as additional
supplements to support their overall health,

2.5 Alveolar Bone Regeneration Model, The alveolar bone
regeneration model was established in rats, beginning with
the extraction of the first mandibular incisor on the right
side. During the extraction process, the rats were anaes-
thetised by intraperitoneal administration of ketamine and
xylazine (2:1, wv).

The extraction procedure involved initially destroying
the periodontal ligament using a probe. Once the buccal,
lingual, mesial, and distal aspects ofthe periodontal ligament
were detached, the tooth was gently removed using a dental
excavator until it was completely and instantly removed
After the completion of extraction, each rat was assigned to
its respective treatment, as mentioned in Table 1.

Following the application of amnion membrane and
hydroxyapatite in the socket, suturing was performed using
three stitches of catgut (0.4 p) thread. The rats were ad-
ministered antibictics (ampicillin) and analgesics (para-
cetamol) to mitigate potential side effects from  the
extraction, such as swelling and pain.

26, Alveolar Bome Repeneration Analysis. After 14- and
28 days post-tooth extraction, all animals were euthanised
using an overdose of ketamine (95 mg/kg body weight)
and wylazine (5mg/kg body weight). The mandible was
collected, and sagittal dissection was performed on the
alveolar bone in the anterior tooth region. The alveolar
bone was then immersed in 10% neutral-buffered for-
malin for fixation, followed by decalcification using 30%
ethylenediaminetetraacetic acid (EDTA) for seven days.
The tissue samples were subsequently embedded in par-
affin and sectioned into 5um thick transverse slices for
collagen density, osteoblast, BMP2 expression, RUNX2
expression, and osteocalcin expression.

261 Osteoblast Analysis. Osteoblasts were analyzed in the
alveolar bone using hematoxylin and eosin tissue staining.
“The quantification of nsteoblasts was performed by counting
the number of osteoblasts at the edge of the alveolar bone
socket under a light microscope at 2 magnification of 400 x
Five different regions of interest were examined in each
preparation or sample to ensure a representative analysis.,

262, Collagen Density Analysis. The collagen density
analysis was performed by evaluating the thickness of col-
lagen fibers in histologically stained tissue exhibiting a bluish
hue following Masson's Trichrome staining, The quantifi-
cation of collagen density was conducted based on a scoring
system according to the following criteda: 0 (absence of
collagen fiber appearance), 1 (very thin/few collagen fibers
observed), 2 (thin and scattered collagen fibers observed)
and 3 (thick and widely distributed collagen fibers observed).
A light microscope at a magnification of 400x and five
different regions of interest were examined in each prepa-
ration or sample to ensure representative analysis.

263 BMPZ, RUNX2, and Osteocalein Expression. BMP2,
RUMXZ, and osteocalcin expression were analyzed in al-
veolar bone using indirect immunohistochemistry staining.
‘The primary antibodies were EMP2 (1:100), RUNX2 (1: 50,
and osteocalcin (1:200) from Affinity Biosciences, Inc.,
USA. The 3,3 -diaminobenzidine (DAB) system was used as
the secondary antibody {Universal HRP Excell Stain, Biogear,
Life Science). Haematoxylin 560 was used as the counterstain
(Leica Biosystem).

The quantification of BMP2 and osteocalcin was per-
formed by counting the chondracytes showing immune-
reactivity, visualized as brown staining in the nuceus and
cytoplasm. Similarly, the quantification of RUNX2 was
carried out by counting the osteocytes showing immuno
reactivity, visualized as brown staning in the nudeus and
cvtoplasm. This analysis was performed in Ave different
regions of mnterest using a ZEIS5 AXIO SCOPE Al micro-
scope equipped with an AxioCam digital camera. The images
were captured and analyzed using Zen 34 software at
a magnification of 40 x.
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Tasie 1: The animal designated group treatment afier tooth extraction.

Name of groups Number of rats Treatment’

Control (3 —

Nenogralt® [ Applied bio-oss collagen

A il Applied combination of amnion membrane and hydroxyapatite ratio 2: 3
B 6 Applied « of amnion b and hydroxyapatite ratio 3.7
C fi Applied combination of amnion membrane and hydroxyapatite ratio 7:13

The material applied has dimensions 3 10 mm *Geistlich bio-oss® collagen, Gestlich pharma AL, babnholstrase, Wollisen, Swateerland.

2.7, Statistical Analysis. The statistical analysis was con-
ducted using @ one-way ANOVA Lo analyse the differences
in osteoblasts, collagen, BMP2, RUNX2, and ostencalcin
expression after administration of different ndge preser-
vation (control, xenograft, BAM-HA 2:3, BAM-HA 3:7
and BAM-HAT : 13). A significance level of p < 0.05 was used
to determine statistically significant results, SPSS version 24
(IBM SPSS Statistic 24 for Windows, New York, NV, USA)
was used for the analysis.

3. Results

i1 Collagen Number. The collagen density showed a higher
number 1n amnion membrane hydroxyapatite (3:7) and (7:
13) compared to the control (p < 0.05and p < 0.001) on days
14 and 28 of observation. Compared to xenograft density
was lower in amnion membrane hydroxyapatite (2: 3) and
(3:7) (p<0.05and p<0.001) (Figure 2).

3.2 Osteoblast Number. The osteoblast showed a higher
number in all combinations of amnion membrane and
hydroxyapatite compared to the control {p <0.0001) on day
14 of abservation. Compared to xenograft, the osteoblast
showed lower levels in all groups of amnion membrane
hydroxyapatite (p<0.05, p<0.001, p<0.0001). In the
28 days of abservation, there was no significant difference
between control xenograft and all amnion membrane hy-
droxyapatite groups (Figure 3).

3.3 The BMP2 Expression. 'The BMP2 expression showed
a higher number in combination with amnion membrane
hydroxyapatite (3:7) and (7:13) compared to the control
(p<0.01 and p<0.0001) on days 14 and 28 of chservation.
Compared to xenograft, BMP2 expression showed no sig-
nificant difference in all groups of amnion membrane hy-
droxyapatite. In 28 days of observation, a combination of
ammnion membrane hydroxyapatite (7:13) showed a higher
expression compared to a combination of amnion mem-
brane hydroxyapatite (3:7) (Figure 4).

3.4 The RUNX2 Hypression. The RUNX2 expression showed
a higher number in combination with amnion membrane
hydroxyapatite (7: 13} compared to the contral (p<0.001)
on day 14 of ohservation. Compared to xenograft all
combinations with amnion membrane hydroxyapatite
showed lower RUNX2 expression (p< 0.01 and p < 0.0001).
In 28 days, the RUNXZ expression showed a higher number
in all combinations of amnion membrane hydroxyapalite

compared to the control (p <0.001), but was not different
when compared with the xenogratt groups (Figure 5).

3.5 Uhe Osteocalein Expression. 'The osteocalcin expression
showed a higher number in all combinations with amnion
membrane  hydrovyapatite  compared to the control
(p<0.001) on day 14 of observation. But, when compared
with xenograft, the ostevcalcin expression was lower i all
groups of amnion membrane hydm:(yapﬂtite (p<0.05and
p<0.001). In 28 days of chservation, only a combination of
amnion membrane hydroxyapatite (3:7) and (7:13) had
a higher osteocalcin expression compared to the control
{p=0.05 and p=<0.01) (Figure 6).

4, Discussion

Collagen plays a crucial role in the bone regeneration
process. Collagen is the main protein component of the
extracellular matrix, which repairs damage and restores the
structure and anatomical function of tissues [20]. The ad-
ministration of BAM-HA results in higher collagen thick-
ness compared to the control group. The significant increase
in collagen thickness in the BAM-HA group is attributed to
the presence of various growth factors and proteomic se-
cretory lenkocyte protease inhibitors (SLPI) [21]. SLPT also
plays a role in simulating growth factors such as epidermal
growth factor (EGF), vascular endothelial growth factor
(VEGF), fibroblast growth factor (FGF), transforming
growth factor-8 (TGF-$) and platelet-derived growth factor
(PDGF) (22|. These growth factors, particulady EGF, reg-
ulate epithelial cell motility, affecting the rate of re-
epithelialization and assisting wound contraction by stim-
ulating fibroblast proliferation and migration to restore
tissue integrity [23]. Additionally, TGF- stimulates fibro-
blast activity in the secretion of fibrablast growth facror
(FGF), which binds to tyrosine kinase receptors, leading to
receptar autophosphorylation and subsequent phosphory-
lation of serine, threonine and tyrosine residues on specific
target proteins such as Raf-1, MAPK/Erk kinase (MEK), and
extracellular signal-regulated kinase-1 (ERK) [24]. Both FGF
and TGF-ff increase fibroblast proliferation, thereby en-
hancing collagen synthesis 25, 26]. Moreover, BAM con-
tains collagen types I, I, IV, V, VL, and XV [27], which
further contobute to collagen formation at the site of the
wound [28] (Figure 7).

The increase in collagen thickness within the socket
stimulates the activity of nsteoblasts, which are pivotal in the
process of bone regeneration. Osteoblasts serve as markers
of alveolar bone healing by expressing bone-forming
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Fiswne 2 The collagen analysis in alveolar bone using histopathology analysis using Masson Tricheme staining, (2 and b) The visualization
of alveolar bone in each group in 400 x magnification. The collagens were stained blue in colour. (c and d} The quantification of collagens
density in 14 days and 28 days of ohservation using Image[ software. Asterix in C and D mean different collagen density among groups
analyzed using one-way ANOV A test and post hoe test,  p< 0015, ** p< 0.01; *** p< 0.001; 7" *" p < 1.0001; ns = not significant (not shown).

Secale bar 100 um.

proteins [29]. Similarly, the application of BAM-HA dem-
onstrates a higher number of psteablasts compared 1o the
control group. The increased number of asteoblasts may be
a result of enhanced fbroblast proliferation and collagen
synthesis within the bone socket. As the increase in collagen
serves as a new tissue matrix, it is always accompanied by

angiogenesis, the formation of new blood vessels [30]. The
formation of new blood vessels indicates the entry into the
proliferation phase, allowing mesenchymal stem cells
differentiate mto osteoblasts to generate bone [31]. During
the proliferation phase, presteoblast progenitor cells exhibit
alkaline phosphatase (ALP) activity and are considered
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(2:3) (x7) (7:13)
)
30 3 g
i 20 : p L *
: 2
2 1 |
& &
10 14 7
0= =
14 days 28 days
Il control Bl coniral
Bl <enograft B xenogruft
I BaM HA (23 I RAM HA (23)
[ BAM-HA [3 [ BAM-HA (3:7)

I BAM-HA (7:13)
5]

W BAM-HA(7:13)
(d)

: The ostenhlast analysis in alvenlar bone using histopathology analysis using hematoxyline-eosin staining. (a and b} The
visualization of alveolar bone in each group in 400 x magnification. (¢ and d} The quantification of osteoblast in 14 days and 28 days of
ohservation. Asterix in Cand [ mean different osteoblast among groups analyzed using one-way ANOVA test and post hoc test. * p < 0.05;
p<00L: ** p<0.00L; **** p<0.000L: ns = not significant (not shown). Scale bar 100 gm.

preosteoblasts. The transition from preosteoblasts to oste-
oblasts is characterised by an increase in the expression of
Osterix {Osx) and the secretion of bone matrix proteins.
Additionally, osteoblasts undergo morphological changes,
becoming larger and assuming a cuboidal shape [32].

The promation of osteoblast activity is further facilitated
by the presence of hydroxyapatite in the bovine amniotic

membrane, where HA crystals serve as ligands that activate
signalling receptors and enhance the expression of osteo-
genic transcription factors. Osteoblast stimulation by hy-
droxyapatite can occur through the extracellular signal-
regulated kinase (ERK) signalling pathway [33], Addition-
ally, fibronectin present in the amnionic membrane can
interact with hydroxyapatite and activate the ERK pathway

D Cgp g ki panA | Y

e

9, W ITINOINL -

sy o o | (| e fng )

by

ey oy s e ot G el am sy e e g g o Sy g G o




International Journal of Biomaterials

14 days

control xenograft BAM-HA BAM-HA
{z3) (3:n
{a)

28 days

BAM-HA

up popTAIE | TIE

whay

anrpipp e g o s U I oo | e Do ISTINOCIN TV RIFAS YA | LTS RATO b | 1 e g o

control xenografl BAM-HA BAM-HA
(23) (37 (7:13)
(b}
san A s
20 et P R i U 20 4 UK e i
o 15 e 137 T —|'
2 5
i i
8 £
g 10+ i 10
Fer I 5
= g E
= L
5 A
o u .
Ld days & days
M contel M ol
[ xenogralt B xenoprafi

I BAM-HA (2:3)
[ BAM-HA (3:7)
B BAM HA (7:13)

[e]

I AN HA (2:)
[ Bam-ta (37
W BaM HA (713

[d)

Fiauee 4; The BMP2 expression in alveolar bone using indirect immunohistochemistry staining, (a and b) The visualization of alveslar bone
in each group in 400 x magnification. (¢ and d} The quantification of BMP2 expression in 14 days and 28 days of observation. Asterixin C
and I mean different BMP2 expression among groups analyzed using one-way ANOVA test and post hoc test, *p <0.05; ** p< 0.01;
***p=0.001; 77" p<0.0001; ns = not significant (not shown), Scale bar 100 gm.
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|34]. The ERK signalling pathway can also be stimulated by
the interaction of HA with the fibroblast growth factor
receptor (FGFr). FGFr binds to ligands that play a role in
activating mitogen-activated protein kinases (MAPKs) [35].
The increase in the number of osteoblasts observed through
the BAM-HA interaction via the ERK signalling pathway
indicates an accelerated stimulus lor alveolar bone healing
(Figure 7).

On the other hand, various osteogenic markers also
exhibit increased expressionin the group treated with BAM-
HA. One of the observed osteogenic markers is BMP2.
BMP2 is a protein known to induce bone formation and
plays a role in various biological processes of osteoblasts,
including proliferation, differentiation, and apopiosis [36].

The increased expression of BMP2 can be attributed to the

presence of growth factors such as TGF-# in the bovine
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induding ERK, phosphatidylinositol 3-kinase (PI3K), and
ming growth factor-f-activated kinase 1/binding

amniotic membrane, which can induce BMP2 expression.
The BMF or TGF-§ pathway is 1al for ost i tr

both in vitro and in vivo [37]. When BMP2 binds to BMP
receptors located in lipid rafts, cavenlae, and clathrin-coated
pits {CCPs), it activates the phosphorylation of BM PRI and
BMPRIa. This leads to the activation of Smad signalling or
non-Smad pathways. Non-Smad signalling pathways,

protein 1 (TABUTAKL), are activated. All these pathways
contribute to the differentiation of mesenchymal stem cells
(MSCs) and osteoprogenitors into osteoblasts [30, 38].
Another osteogenic marker is RUNX2, which is an
important factor in  osteogenesis and  osteoblast
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differentiation [39]. The increased expression of RUNX2 in
the BAM-HA group 15 also influenced by the initial rele of
TGF-ff present in the bovine amniotic membrane, leading to
an enhancement of osteoprogenitors [40], TGF-§ activates
SMAD3 and induces RUNX2 expression through the ERK
pathway, which transforms osteoprogenitors into pre-
osteoblasts, Additionally, the presence of FGF in the bovine

amniotic membrane can increase RUNX2 expression
through FGFRI receptors [41]. Through the upregulation of
RUNX2 expression, there is also an increase in osteacalcin
production by osteoblasts,

Osteocalcin, the third osteogenic marker observed in this
study, is a non-collagenous protein initially identified in
bone and dentin as a calcium-binding protein secreted by
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mature osteoblasts, namely, osteacytes [42], The increase in
ostencalcin in alveolar bone is a result of increased RUNX2,
which acts as a master regulator of osteogenesis, controlling
the expression of non-collagenous proteins such as osteo-
calcin that play a role in the final stages of osteoblast dif-
ferentiation, matrix binding of caldum, and induction of
mineralization [43]. The increased osteocalein production is
expected to promote mineralization and facilitate the pro-
cess of alveolar bone regeneration.

Based on this research, the application of this bio-
composite material is not limited to just being a ridge
preservation material after extraction. However, it is also
hoped that it will be able to act as ridge preservation to
stimulate new bone and improve alveolar bone healing in
cases of large bone defect, such as cases of mini crestal sinus
removal, implant placement, and major craniofacial surgery
[30, 38]. The limitation of this study is no radiographic
examination to confirm the presence of new bone. This
examination is needed for the future application for human
application. In the other hand, alveolar bone healing takes
a longer time, it can take months to years, so it requires
observation of the research object for a longer time,

5. Conclusions

The application of BAM-HA in the socket after tooth ex-
traction showed an increase in hone remodelling. A higher
ratio of hydroxyapatite increases collagen density, osteo-
blast, and osteogenic-related factors such as RUNX2, BMP2,
and osteocalcin. This initial finding suggests that a combi-
nation of amnion membrane and hydroxyapatite can be
used as ridge preservation to maintain the quality and
quantity of alveclar bone. In large bone defects, it is also
hoped that this material can also stimulate bone healing
hecause the clot is the most powerful bone growth factor and
15 autologous 10 that it provides all the cells for bone
transformation,
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EGF: Epidermal growth factor
ERK: Extracellular signal-regulated kinase-1
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MEK: MAPK/Erk kinase
MSCs: Mesenchymal stem cells
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Recommendation
Minor Revision

PEER REVIEWER COMMENTS:
GENERAL COMMENTS: Overall

This in vivo study aimed to compare 3 different ratios of amniotic membrane-
hydroxyapatite composites against xenograft for ridge preservation following
extraction of incisors in rats.

The title is misleading as the authors used bone chips instead of pure HA. - In this
study, a biocomposite material was shaped like a sponge inserted into the alveolar bone
socket. The biocomposite material was soft like a sponge, not a bone chips.

REQUESTED REVISIONS:

Title

Please replace “socket preservation” with “ridge preservation” which is a more
appropriate and acceptable term. Okay, we accepted the revision and will use “ridge

preservation

Abstract

s

Please add “bovine” before “amniotic”.” . Okay, we accepted the revision and will use

“bovine”before “amniotic”

The rationale for doing the study should be stated. If the use of BAM-HA has shown
promising results, there is no need to do the study. If the authors want to find the
optimum combination which has not been reported, please state so. -

The combination of bovine amnion membrane and hydroxyapatite is expected to have

potential as a material that can stimulate bone formation so that bone healing after
extraction becomes faster. This study uses several ratios to find the best ratio to increase
bone formation stimulation as ridge preservation

Consider adding the statistical analysis.

Introduction

The rationale for doing the study should be elaborated as mentioned
This study aims to use bovine amnion membrane and bone as natural materials.

The combination of bovine amnion membrane and hydroxvapatite is expected to have

potential as a material that can stimulate bone formation so that bone healing after

extraction becomes faster. This study uses several ratios to find the best ratio to increase

bone formation stimulation as ridge preservation

Materials and methods

2.2: it seems that bone chips (inorganic and organic biological material) instead of pure
hydroxyapatite (inorganic chemical compound) were prepared.
2.3: Why were these 3 particular ratios chosen? — The ratio used in this study is a ratio

that approaches the components of bone and alveolar bone.
Please justify the sample size n=3. The use of samples on living things as many as 3
mice. The sample is calculated based on the Federer formula, where the research in the

laboratory has been controlled. This research has also passed the ethics commission

where the use of living things as research subjects must be limited.
2.6.1: Who and how the 5 regions of interest (ROI) were selected? How many examiners
were involved? Were they blinded?




The determination of ROIs was done randomly and blindly, the label of the preparate
was covered. This study involved 3 examiners
2.7: Please state the 2 independent variables in the statistical model.

Discussion

Please state the limitations of the study. -
The limitation of this study is that bone healing takes a longer time, it can take months

to years, so it requires observation of the research object for a longer time.
And this study requires other test parameters such as radiographs of the alveolar bone
to determine how far the bone is formed after tooth extraction.

How long can the prepared bovine amniotic membrane be kept? 5 year after
sterilization wit gamma x-rays 25 KgY

In clinical situations, collagen membrane or sponge is usually placed over the graft
before suturing. I presume it was not done in this model as the socket was very small.
In this study, the collagen membrane was not placed over the graft. The existing

collagen membrane was already combined with hydroxyapatite into one biocomposite.
Please discuss.

The most important rationale for ridge preservation is to maintain the ridge
morphology but it was not measured in this study. Yes, it is important, because seeing
the morphology of the bone after tooth extraction takes longer and requires other test

tools such as radiological X-rays to support the research. Therefore, the limitation of
this study is that it requires other tests before entering clinical research.

The results showed enhanced bone healing in the tested groups. What are the clinical
implications? Earlier placement of dental implants or for patients with compromised
bone healing response? Please discuss." The clinical implication of this study is that

tooth extraction involves large bone defect, so it requires material that can stimulate
bone formation faster. In this study, the extraction of the lower incisor teeth of rats
caused large bone loss because the lower incisor teeth of rats were long and attached to
the mandibular bone.
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Abstract

Socket preservation is an important technique for maintaining the dimensions of the alveolar
bone following tooth extraction, which is crucial for successful tooth rehabilitation. The combi-
nation of amniotic membrane and hydroxyapatite has shown promise as a scaffold material con-
taining growth factors that can stimulate osteogenic-related factors such as bone morphogenetic
protein 2 (BMP2), Runt-related transcription factor 2 (RUNX2) and osteocalcin (OCN). This stim-
ulation leads to collagen production and osteoblast proliferation, resulting in new bone for-
mation. In this study, amniotic membrane-hydroxyapatite composites were prepared using three
different ratios of bovine amniotic membrane and hydroxyapatite (2:3, 3:7, 7:13). Thirty Sprague-
Dawley rats had their first incisors extracted, and different types of amniotic membrane hydrox-
yapatite were applied for socket preservation. The control group received no treatment, while the
positive control group was given xenograft. After 14 and 28 days, the animals were sacrificed,
and immunohistochemical analysis was performed to evaluate the expression of BMP2, RUNX2
and OCN. Additionally, a histological examination was conducted to analyse collagen thickness
and osteoblast cell proliferation. The results demonstrated that the application of amniotic mem-
brane-hydroxyapatite significantly increased collagen density, osteoblast cell proliferation and
the expression of BMP2, RUNX2 and OCN compared to the control group (p<0.05) on both days
14 and 28. Furthermore, increasing the hydroxyapatite content in the composite was found to
enhance collagen thickness, osteoblast cell proliferation and the expression of osteogenic-related
factors. These preliminary findings suggest that the combination of amniotic membrane and hy-
droxyapatite can be used for socket preservation to prevent further bone resorption following
tooth extraction.
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1. Introduction

Dental implant restoration is currently considered a viable option for patients who have
experienced partial or complete tooth loss [1]. Dental implants' success depends on the alveolar
bone's quantity and quality [2]. In successful dental implants, the quality of the alveolar bone can
be considered good if the resorption process is less than 1 mm within a year [3]. Therefore, strat-
egies for preserving the alveolar bone after dental extraction are necessary to achieve and main-
tain the quality of the alveolar bone. The socket preservation represents a challenging technique
that involves active bio-materials or autologous bone placed in the alveolar socket after the tooth

extraction One h ategy ocketpreservation—which-involves-using-active-biomaterials-in
the-extractensoeket[4] [5]. The goal of socket preservation is to maintain the alveolar bone [6]
and minimise or prevent alveolar bone resorption [75] [8].

The amniotic membrane is one potential osteoinductive biomaterial for bone healing [96].
One of the common amniotic membranes used is a bovine amniotic membrane, which contains
various types of collagen and growth factors [107]. This amniotic membrane shares similarities
with the human amniotic membrane [118]. The growth factors found in the amniotic membrane
include epidermal growth factor (EGF), transforming growth factor alpha and beta (TGF-a and
TGE-p), keratinocyte growth factor (KGF), hepatocytes growth factor (HGF) and basic fibroblast
growth factor (bFGF) [129]. In addition, the extracellular matrix of the amniotic membrane con-
sists of various types of collagen, laminin, nidogen, fibronectin and proteoglycans [1348]. Several
studies have shown that the amniotic membrane expresses CXCR-4, MCP-1, osteocalcin and
CatK, indicating its osteo-inductive ability [96].

Hydroxyapatite is a biomaterial that contains stable calcium phosphate salts with a chemi-
cal formula of Cai(PO4)s(OH)z, plays a role in bone formation or substitution and can be used for
socket preservation [1431]. The role of hydroxyapatite in bone is to act as a scaffold [1532], pro-
vide osteoconductive properties and stimulate osteoblast differentiation during bone remodel-
ling [1643]. Combining the bovine amniotic membrane with hydroxyapatite is interesting because
these materials may possess synergistic abilities and proceed with bone regeneration. The first
research showed that the combination of bovine amnion membrane and hydroxyapatite with a
ratio of 7:13 produced the desired characteristics, such as a pore size of 155.625 um, porosity of
89.23% [1744] and maximum swelling ability [1845]. This characteristic depends on the ratio of
the amniotic membrane; an increased ratio leads to an increase in pore size and porosity [1744].

The synergistic combination of amniotic membrane and hydroxyapatite holds great prom-
ise as a material for socket preservation, effectively maintaining the quality and quantity of alve-
olar bone. The study employed histological [19] and immunohistochemical analysis to examine
the proliferation phase [2046] and remodelling phase [85]. In vivo, tests were conducted to eval-
uate collagen thickness, osteoblast cell proliferation and the expression of BMP2, RUNX-2 and
Osteocalcin. Collagen, an integral component of wound healing, plays a crucial role in the early
stages of bone healing [2117]. Osteoblast cells serve as markers for alveolar bone healing and
express bone-forming proteins (Tanaka et al., 2005). BMP-2, known for its ability to induce bone
formation [2248], and RUNX2, which promotes osteoblast differentiation and stimulates Oste-
ocalcin production, were also analysed. Osteocalcin, in turn, facilitates calcium binding to the
bone matrix, aiding in late-stage osteoblast differentiation [2319]. To investigate the potential of
bovine amniotic membrane and hydroxyapatite in various ratios (2:3, 3:7, 7:13) for alveolar bone
regeneration, the current study focused on anabysing-analyzing collagen density, osteoblast ac-
tivity and osteogenic markers, including bone morphogenetic protein 2 (BMP2), Runt-related
transcription factor 2 (RUNX2), and osteocalcin.

2. Materials and Methods

2.1. Bovine membrane amnion preparation

The bovine amniotic membrane was obtained from a female Bos javanicus domesticus. The
amniotic membrane was initially washed to remove blood clots using a 0.05% saline solution,



with each washing step lasting 10 minutes. Subsequently, it was further washed with aquadest
until the saline solution became clear. The cleaned amniotic membrane was then kept at a tem-
perature of -80 °C for 24 hours in a freezer. After that, freeze-drying was performed for 24 hours
at -100 °C. The resulting product was obtained in sheet form.

2.2. Hydroxyapatite preparation

Cancellous bone samples (cancellous bone originating from the spongy part of the hump)
were obtained from a seven-year-old female Bos javanicus domesticus. The bone samples were cut
into small pieces and thoroughly washed with water. Subsequently, the bone pieces were placed
in an ultrasonic shaker at 60°C to remove the fat content. After this process, the bones were
washed again using Aquadest.

Following the washing step, the bone pieces were air-dried and then subjected to a furnace
at 1000°C for one hour for burning. After burning, the bones were washed 3—4 times using
Aquadest.

The bones were then dried again in an oven at a temperature range of 60-100°C until com-
pletely dry. Once thoroughly dried, the bones were ground into particles using a bone miller until
they reached a particle size of 150 pm.

2.4. Combination of bovine membrane amnion and hydroxyapatite

The amniotic membrane and hydroxyapatite combination was prepared with three different
weight ratios of amniotic membrane to hydroxyapatite, namely 2:3, 3:7 and 7:13 (weight/weight).
A predetermined weight of amniotic membrane was soaked in 40 ml of 0.9% natrium chloride
solution for five minutes. Subsequently, the amniotic membrane was homogenised using a
blender for 10 minutes until a homogenous amniotic slurry was obtained. The amniotic slurry
was then mixed with the previously prepared HA powder. The mixture was stirred until homog-
enous and transferred into a petri dish with a diameter of 10 cm. The petri dish was then stored
in a freezer at -80°C for 24 hours, followed by freeze drying for another 24 hours at a temperature
of -100°C. The resulting combination formed sponge-like structures, which were further sterilised
with a gamma radiation dose of 25 Gy (Figure 1).

2.5. Animals

A total of 30 male Sprague-Dawley rats (four months old, 300 g)) were subjected to a seven-
day adaptation period before the commencement of the experimental treatments. Each rat was
individually housed in covered cages (dimensions: 39 x 42 x 15 cm). The rats had sufficient food,
water, ventilation and appropriate lighting conditions. They were fed twice daily, with a total of
20 grammes of standard diet per rat. Additionally, the rats received deworming, anti-ectopara-
sites and vitamins as additional supplements to support their overall health.



Figure 1. The combination of amniotic membrane and hydroxyapatite in 3
different ratios 3:7 (B), 7:13 (C), 2:3 (D) and xenograft was used as a control
(A)-

2.6. Alveolar bone regeneration model

The alveolar bone regeneration model was established in rats, beginning with the extraction
of the first mandibular incisor on the right side. During the extraction process, the rats were
anaesthetised by intraperitoneal administration of ketamine and xylazine (2:1, v/v).

The extraction procedure involved initially destroying the periodontal ligament using a
probe. Once the buccal, lingual, mesial and distal aspects of the periodontal ligament were de-
tached, the tooth was gently removed using a dental excavator until it was completely and in-
stantly removed. After the completion of extraction, each rat was assigned to its respective treat-
ment, as mentioned in Table 1.

Following the application of amnion membrane and hydroxyapatite in the socket, suturing
was performed using three stitches of catgut (0.4 1) thread. The rats were administered antibiotics
(ampicillin) and analgesics (paracetamol) to mitigate potential side effects from the extraction,
such as swelling and pain.

Table 1. The animal designated group treatment after tooth extraction

Name of groups =~ Number of Treatment!
rats
Control 6 -
Xenograft? 6 applied Bio-Oss Collagen
A 6 applied combination of amnion membrane and

hydroxyapatite ratio 2:3




B 6 applied combination of amnion membrane and
hydroxyapatite ratio 3:7

C 6 applied combination of amnion membrane and
hydroxyapatite ratio 7:13
! The material applied has dimensions 3 x 10 mm.
2 Geistlich Bio-Oss® Collagen, Geistlich Pharma AG, Bahnhofstrasse, Wolhusen, Switzerland

2.7. Alveolar bone regeneration analysis

After 14 and 28 days post-tooth extraction, all animals were euthanised using an overdose
of ketamine (95 mg/kg body weight) and xylazine (5 mg/kg body weight). The mandible was
collected, and sagittal dissection was performed on the alveolar bone in the anterior tooth region.
The alveolar bone was then immersed in 10% neutral-buffered formalin for fixation, followed by
decalcification using 30% ethylenediaminetetraacetic acid (EDTA) for seven days. The tissue sam-
ples were subsequently embedded in paraffin and sectioned into 5 um thick transverse slices for
collagen density, osteoblast, BMP2 expression, RUNX2 expression and osteocalcin expression.

2.7.1 Osteoblast analysis

Osteoblasts were analysed in the alveolar bone using hematoxylin and eosin tissue staining.
The quantification of osteoblasts was performed by counting the number of osteoblasts at the
edge of the alveolar bone socket under a light microscope at a magnification of 400x. Five different
regions of interest were examined in each preparation or sample to ensure a representative anal-
ysis.

2.7.2 Collagen density analysis

The collagen density analysis was performed by evaluating the thickness of collagen fibres
in histologically stained tissue exhibiting a bluish hue following Masson's Trichrome staining.
The quantification of collagen density was conducted based on a scoring system according to the
following criteria: 0 (absence of collagen fibre appearance), 1 (very thin/few collagen fibres ob-
served), 2 (thin and scattered collagen fibres observed) and 3 (thick and widely distributed colla-
gen fibres observed). A light microscope at a magnification of 400x and five different regions of
interest were examined in each preparation or sample to ensure representative analysis.

2.7.3 BMP2, RUNX2 and osteocalcin expression

BMP2, RUNX2 and osteocalcin expression were analysed in alveolar bone using indirect im-
munohistochemistry staining. The primary antibodies were BMP2 (1:100), RUNX2 (1:50) and Os-
teocalcin (1:200) from Affinity Biosciences, Inc., USA. The 3,3'-diaminobenzidine (DAB) system
was used as the secondary antibody (Universal HRP Excell Stain, Biogear, Life Science). Haematox-
ylin 560 was used as the counterstain (Leica Biosystem).

The quantification of BMP2 and osteocalcin was performed by counting the chondrocytes
showing immunoreactivity, visualised as brown staining in the nucleus and cytoplasm. Similarly,
the quantification of RUNX2 was carried out by counting the osteocytes showing immunoreac-
tivity, visualised as brown staining in the nucleus and cytoplasm. This analysis was performed
in five different regions of interest using a ZEISS AXIO SCOPE AI microscope equipped with an
AxioCam digital camera. The images were captured and analysed using Zen 3.4 software at a
magnification of 40x.

2.8. Statistical analysis

The statistical analysis was conducted using a two-way ANOVA to analyse the differences
in osteoblasts, collagen, BMP2, RUNX2 and osteocalcin expression. A significance level of p<0.05
was used to determine statistically significant results. SPSS version 24 (IBM SPSS Statistic 24 for
Windows, New York, NY, USA) was used for the analysis.



3. Results

3.1. Collagen number

The collagen density showed a higher number in amnion membrane hydroxyapatite (3:7)
and (7:13) compared to the control (p<0.05 and p<0.001) on days 14 and 28 of observation. Com-
pared to xenograft density was lower in amnion membrane hydroxyapatite (2:3) and (3:7) (p<0.05
and p<0.001) (Figure 2).

A 14 days 28 days B 14 days 28 days

control
BAM-HA
(2:3)

BAM-HA
37)

xenograft

BAM-HA
(7:13)

control
xenograft
BAM-HA (2:3)
BAM-HA (3:7)
BAM-HA (7:13)

collagen density (%)
T

LB
14 days 28 days

Figure 2. The collagen analysis in alveolar bone using histopathology analysis using Masson-Trichome
staining. (A) The visualization of alveolar bone in each group in 400 x magnification. The collagens were
stained blue in colour. (B-C) The quantification of collagens density in 14 days and 28 days of observation
using Image ] software. Asterix in B and C, mean different collagen density among groups analyzed using
ANOVA test and post-hoc test. * p<0.05; **p<0.01; ***p<0.001; p<0.0001; ns= not significant (not shown). Scale
bar 100pm.

3.2. Osteoblast number

The osteoblast showed a higher number in all combinations of amnion membrane and hy-
droxyapatite compared to the control (p<0.0001) on day 14 of observation. Compared to



xenograft, the osteoblast showed lower levels in all groups of amnion membrane hydroxyapatite
(p<0.05, p<0.001, p<0.0001). In the 28 days of observation, there was no significant difference be-
tween control xenograft and all amnion membrane hydroxyapatite groups (Figure 3).
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Figure 3. The osteoblast analysis in alveolar bone using histopathology analysis using hematoxyline-eosin
staining. (A) The visualization of alveolar bone in each group in 400 x magnification. (B-C) The quantifica-
tion of osteoblast in 14 days and 28 days of observation. Asterix in B and C, mean different osteoblast among
groups analyzed using ANOVA test and post-hoc test. * p<0.05; **p<0.01; ***p<0.001; p<0.0001; ns= not sig-
nificant (not shown). Scale bar 100pm.

3.3. The BMP-2 expression

The BMP2 expression showed a higher number in combination with amnion membrane hy-
droxyapatite (3:7) and (7:13) compared to the control (p<0.01 and p<0.0001) on days 14 and 28 of
observation. Compared to xenograft, BMP2 expression showed no significant difference in all
groups of amnion membrane hydroxyapatite. In 28 days of observation, a combination of amnion



membrane hydroxyapatite (7:13) showed a higher expression compared to a combination of am-
nion membrane hydroxyapatite (3:7) (Figure 4).
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Figure 4. The BMP2 expression in alveolar bone using indirect immunohistochemistry staining. (A) The
visualization of alveolar bone in each group in 400 x magnification. (B-C) The quantification of BMP2 ex-
pression in 14 days and 28 days of observation. Asterix in B and C, mean different BMP2 expression among
groups analyzed using ANOVA test and post-hoc test. * p<0.05; **p<0.01; ***p<0.001; p<0.0001; ns= not sig-
nificant (not shown). Scale bar 100pm.

3.4. The RUNX2 expression

The RUNX2 expression showed a higher number in combination with amnion membrane
hydroxyapatite (7:13) compared to the control (p<0.001) on day 14 of observation. Compared to
xenograft all combinations with amnion membrane hydroxyapatite showed lower RUNX2 ex-
pression (p<0.01 and p<0.0001). In 28 days, the RUNX2 expression showed a higher number in all
combinations of amnion membrane hydroxyapatite compared to the control (p<0.001), but was
not different when compared with the xenograft groups (Figure 5).
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Figure 5. The RUNX2 expression in alveolar bone using indirect immunohistochemistry staining. (A) The
visualization of alveolar bone in each group in 400 x magnification. (B-C) The quantification of RUNX2 ex-
pression in 14 days and 28 days of observation. Asterix in B and C, mean different RUNX2 expression among
groups analyzed using ANOVA test and post-hoc test. * p<0.05; **p<0.01; ***p<0.001; p<0.0001; ns= not sig-
nificant (not shown). Scale bar 100pum.

3.3. The OCN expression

The OCN expression showed a higher number in all combinations with amnion membrane
hydroxyapatite compared to the control (p<0.001) on day 14 of observation. But, when compared
with xenograft, the OCN expression was lower in all groups of amnion membrane hydroxyap-
atite (p<0.05 and p<0.001). In 28 days of observation, only a combination of amnion membrane



hydroxyapatite (3:7) and (7:13) had a higher OCN expression compared to the control (p<0.05 and
p<0.01) (Figure 6).
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Figure 6. The OCN expression in alveolar bone using indirect immunohistochemistry staining. (A) The vis-
ualization of alveolar bone in each group in 400 x magnification. (B-C) The quantification of OCN expression
in 14 days and 28 days of observation. Asterix in B and C, mean different OCN expression among groups
analyzed using ANOVA test and post-hoc test. * p<0.05; **p<0.01; ***p<0.001; p<0.0001; ns= not significant
(not shown). Scale bar 100pm.

4. Discussion

Collagen plays a crucial role in the bone regeneration process. Collagen is the main protein
component of the extracellular matrix, which repairs damage and restores the structure and ana-
tomical function of tissues [2426]. The administration of amniotic membrane hydroxyapatite re-
sults in higher collagen thickness compared to the control group. The significant increase in col-
lagen thickness in the amniotic membrane-hydroxyapatite group is attributed to the presence of
various growth factors and proteomic secretory leukocyte protease inhibitors (SLPI) [2521]. SLPI
also plays a role in stimulating growth factors such as epidermal growth factor (EGF), vascular



endothelial growth factor (VEGF), fibroblast growth factor (FGF), transforming growth factor-3
(TGF-B) and platelet-derived growth factor (PDGF) [2622]. These growth factors, particularly
EGF, regulate epithelial cell motility, affecting the rate of re-epithelialization and assisting wound
contraction by stimulating fibroblast proliferation and migration to restore tissue integrity [2723].
Additionally, TGE-3 stimulates fibroblast activity in the secretion of fibroblast growth factor
(FGF), which binds to tyrosine kinase receptors, leading to receptor auto-phosphorylation and
subsequent phosphorylation of serine, threonine and tyrosine residues on specific target proteins
such as Raf-1, MAPK/Erk kinase (MEK) and extracellular signal-regulated kinase-1 (ERK) [2824].
Both FGF and TGF-f increase fibroblast proliferation, thereby enhancing collagen synthesis
[2925] [3026]. Moreover, BAM contains collagen types I, IIL, IV, V, VI and XV [3127], which further
contribute to collagen formation at the site of the wound [3228].

The increase in collagen thickness within the socket stimulates the activity of osteoblasts,
which are pivotal in the process of bone regeneration. Osteoblasts serve as markers of alveolar
bone healing by expressing bone-forming proteins [3329]. Similarly, the application of amniotic
membrane hydroxyapatite demonstrates a higher number of osteoblasts compared to the control
group. The increased number of osteoblasts may be a result of enhanced fibroblast proliferation
and collagen synthesis within the bone socket. As the increase in collagen serves as a new tissue
matrix, it is always accompanied by angiogenesis, the formation of new blood vessels [3436]. The
formation of new blood vessels indicates the entry into the proliferation phase, allowing mesen-
chymal stem cells to differentiate into osteoblasts to generate bone [353%]. During the prolifera-
tion phase, pre-osteoblast progenitor cells exhibit alkaline phosphatase (ALP) activity and are
considered pre-osteoblasts. The transition from pre-osteoblasts to osteoblasts is characterised by
an increase in the expression of Osterix (Osx) and the secretion of bone matrix proteins. Addi-
tionally, osteoblasts undergo morphological changes, becoming larger and assuming a cuboidal
shape [3632].

The promotion of osteoblast activity is further facilitated by the presence of hydroxyapatite
in the amniotic membrane, where HA crystals serve as ligands that activate signalling receptors
and enhance the expression of osteogenic transcription factors. Osteoblast stimulation by hydrox-
yapatite can occur through the extracellular signal-regulated kinase (ERK) signalling pathway
[3733]. Additionally, fibronectin present in the amnionic membrane can interact with hydroxy-
apatite and activate the ERK pathway [3834]. The ERK signalling pathway can also be stimulated
by the interaction of HA with the fibroblast growth factor receptor (FGFr). FGFr binds to ligands
that play a role in activating mitogen-activated protein kinases (MAPKSs) [3935]. The increase in
the number of osteoblasts observed through the amniotic membrane-hydroxyapatite interaction
via the ERK signalling pathway indicates an accelerated stimulus for alveolar bone healing.

On the other hand, various osteogenic markers also exhibit increased expression in the
group treated with amniotic membrane-hydroxyapatite. One of the observed osteogenic markers
is BMP-2. BMP-2 is a protein known to induce bone formation and plays a role in various biolog-
ical processes of osteoblasts, including proliferation, differentiation and apoptosis [4036]. The in-
creased expression of BMP-2 can be attributed to the presence of growth factors such as TGF-f3 in
the amniotic membrane, which can induce BMP-2 expression. The BMP or TGF-$ pathway is
essential for osteogenesis both in vitro and in vivo [4137]. When BMP-2 binds to BMP receptors
located in lipid rafts, caveolae, and clathrin-coated pits (CCPs), it activates the phosphorylation
of BMPRII and BMPRIa. This leads to the activation of Smad signalling or non-Smad pathways.
Non-Smad signalling pathways, including ERK, phosphatidylinositol 3-kinase (PI3K), and trans-
forming growth factor-p-activated kinase 1/binding protein 1 (TAB1/TAK1), are activated. All
these pathways contribute to the differentiation of mesenchymal stem cells (MSCs) and osteopro-
genitors into osteoblasts [4238] [3439].

Another osteogenic marker is RUNX2, which is an important factor in osteogenesis and
osteoblast differentiation [39]. The increased expression of RUNX2 in the amniotic membrane-
hydroxyapatite group is also influenced by the initial role of TGF-{3 present in the amniotic mem-

brane, leading to an enhancement of osteoprogenitors [44] [45|(Wangetal; 2019 Brudereretal;



2044, TGF-p activates SMAD3 and induces RUNX2 expression through the ERK pathway, which
transforms osteoprogenitors into pre-osteoblasts. Additionally, the presence of FGF in the amni-
otic membrane can increase RUNX2 expression through FGFR1 receptors [4544]. Through the
upregulation of RUNX2 expression, there is also an increase in osteocalcin production by osteo-
blasts.

Osteocalcin, the third osteogenic marker observed in this study, is a non-collagenous pro-
tein initially identified in bone and dentin as a calcium-binding protein secreted by mature oste-
oblasts, namely osteocytes [4642]. The increase in osteocalcin in alveolar bone is a result of in-
creased RUNX2, which acts as a master regulator of osteogenesis, controlling the expression of
non-collagenous proteins such as osteocalcin that play a role in the final stages of osteoblast dif-
ferentiation, matrix binding of calcium and induction of mineralisation [4743]. The increased os-
teocalcin production is expected to promote mineralisation and facilitate the process of alveolar
bone regeneration.

Based on this research, the application of this biocomposite material is not limited to just
being a socket preservation material after extraction. However, it is also hoped that it will be able
to stimulate new bone and improve alveolar bone healing in cases of large bone defect, such as

cases of mini crestal sinus removal, implant placement and major craniofacial surgery. [48] [49]
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Figure 7. The possible mechanism combination amnion membrane — hydroxyapatite in alveolar bone regen-
eration.

5. Conclusions

The application of amnion membrane-hydroxyapatite in the socket after tooth extraction
showed an increase in bone remodelling. A higher ratio of hydroxyapatite increases collagen den-
sity, osteoblast and osteogenic-related factors such as RUNX2, BMP2 and OCN. This initial find-
ing suggests that a combination of amnion membrane and hydroxyapatite can be used as socket
preservation to maintain the quality and quantity of alveolar bone. In large bone defects, it is also
hoped that this material can also stimulate bone healing, because the clot is the most powerful
bone growth factor and is autologous in that it provides all the cells for bone transformation.

Funding: This research received funding from the Ministry of Education and Culture with grant-
number 728/UN3.LPPM/PT.01.03/2023

Institutional Review Board Statement: The research was conducted in accordance with all the
provisions of the Institute for Research and Community Service IPB. The approval code for this
research is: 232 — 2022 IPB.

Data Availability Statement: The data available on personal request to first author and corre-
sponding author (octarina@trisakti.ac.id and elly-m@fkg.unair.ac.id)

Acknowledgments: Bank Jaringan — Rumah Sakit Dr. Soetomo Surabaya for processing the bo-
vine membrane anion and hydroxyapatite production.

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


mailto:octarina@trisakti.ac.id
mailto:elly-m@fkg.unair.ac.id

References

1.

Atieh MA, Alsabeeha N, Duncan W]. Stability of tapered and parallel-walled dental im-
plants: A systematic review and meta-analysis. Clin Implant Dent Relat Res.
2018;20(4):634-45.

Zhang W, Zhang X, Wang S, Xu L, Zhang M, Wang G, et al. Comparison of the Use of
Adipose Tissue-Derived and Bone Marrow—-Derived Stem Cells for Rapid Bone Regenera-
tion. ] Dent Res. 2013;92(12):1136-41.

Annibali S, Bignozzi I, La Monaca G, Cristalli MP. Usefulness of the aesthetic result as a
success criterion for implant therapy: A review. Clin Implant Dent Relat Res. 2012;14(1):3—
40.

Willenbacher M, Al-Nawas B, Berres M, Kdmmerer PW, Schiegnitz E. The Effects of Alve-
olar Ridge Preservation: A Meta-Analysis. Clin Implant Dent Relat Res. 2016;18(6):1248—68.
Pang C, Ding Y, Zhou H, Qin R, Hou R, Zhang G, Hu K. Alveolar ridge preservation with

deproteinized bovine bone graft and collagen membrane and delayed implants. ] Craniofac
Surg. 2014 Sep;25(5):1698-702.

Chisci G, Fredianelli L. Therapeutic Efficacy of Bromelain in Alveolar Ridge Preservation.

Antibiotics (Basel). 2022 Nov 3;11(11):1542.
Chisci G, Hatia A, Chisci E, Chisci D, Gennaro P, Gabriele G. Socket Preserva-tion after

Tooth Extraction: Particulate Autologous Bone vs. Deproteinized Bovine Bone. Bioengi-
neering (Basel). 2023 Mar 27;10(4):421.

Kalsi AS, Kalsi JS, Bassi S. Alveolar ridge preservation: why, when and how. Br Dent J.
2019;227(4):264-74.

Tang K, Wu J, Xiong Z, Ji Y, Sun T. Human acellular amniotic membrane : A potential os-
teoinductive biomaterial for bone regeneration. Journal Of Biomaterial Application.
2017;32(6):754-64.

Singh M, Madhan G. Comparison of Ability of Platelet-rich Fibrin vs CollaPlug in main-
taining the Buccal Bone Height of Sockets following Extractions in 20 Patients. Journal of
Health Sciences & Research. 2017;8(1):1-6.

Siswanto R, Rizkawati DM, Ifada AA, Putra AP, Rachmayani F, Widiyanti P. Bovine Freeze
Dried Amniotic Membrane ( FD-AM ) Covered Sterile Gauze for Wound Dressing. Asian
Academic Society International Confrence. 2013;68-71.

Koizumi N, Inatomi T, Sotozono C, Fullwood NJ, Quantock A]J, Kinoshita S. Growth factor
mRNA and protein in preserved human amniotic membrane. Curr Eye Res.
2000;20(3):173-7.

. Niknejad H, Peirovi H, Jorjani M, Ahmadiani A, Ghanavi J, Seifalian M, et al. Properties Of

The Amniontic Membrane For Potential Use In Tissue Enginering. Eur Cell Mater. 2008;88—
99.

. Machtei EE, Mayer Y, Horwitz ], Zigdon-Giladi H. Prospective randomized controlled clin-

ical trial to compare hard tissue changes following socket preservation using alloplasts,
xenografts vs no grafting: Clinical and histological findings. Clin Implant Dent Relat Res.
2019;21(1):14-20.



19.

. Filio P, Octarina £, Komariah F. Characterization of Fabricated Bovine Hydroxyapatite

Crystal as Socket Preservation Material: An SEM-EDX and X-ray Diffraction Study. World
Journal of Dentistry [Internet]. 2022 Dec 31;13(52):5175-81. Available from:
https://www.wjoud.com/do0i/10.5005/jp-journals-10015-2155

. Mozartha M. Hidroksiapatit dan Aplikasinya di Bidang Kedokteran Gigi. ] Vis Lang Com-

put. 2015;11(3):287-301.

. Octarina, Munadziroh E, Razak FA, Surboyo MDC. Characterisation of Bovine Amniotic

Membrane with Hydroxyapatite Bio-Composite. Coatings [Internet]. 2022 Sep
26;12(10):1403. Available from: https://www.mdpi.com/2079-6412/12/10/1403

. Munadziroh E, Abdul Razak F, Abbas B, Soekartono H, Hary Agustantina T, Dwi Condro

Surboyo M. Characterization of bovine sponge amnion (BSA) by a Novel Process for Dental
Treatment. Journal of International Dental and Medical Research [Internet]. 2022;15(2):479—
84. Available from: http://www .jidmr.com

Nart ], Barallat L, Jimenez D, Mestres ], Gémez A, Carrasco MA, Violant D, Ruiz-Magaz V.

2218.

2319,

2420.

2521,

Radiographic and histological evaluation of deproteinized bo-vine bone mineral vs. depro-

teinized bovine bone mineral with 10% collagen in ridge preservation. A randomized con-
trolled clinical trial. Clin Oral Implants Res. 2017 Jul;28(7):840-848.

. Steiner GG, Francis W, Burrell R, Kallet MP, Steiner DM, Macias R. The healing socket and

socket regeneration. Compend Contin Educ Dent. 2008;29(2):1-18.

Tanaka Y, Nakayamada S, Okada Y. Osteoblasts and osteoclasts in bone remodeling and
inflammation. Curr Drug Targets Inflamm Allergy. 2005;4(3):325-8.

Stuckensen K, Lamo-Espinosa JMEML, Ripalda-Cemborain P, Lépez-Martinez T, Iglesias
E, Abizanda G, et al. Anisotropic Cryostructured Collagen Scaffolds for Efficient Delivery
of RnBMP-2 and Enhanced Bone Regeneration. Materials. 2019;12:1-15.

Herniyati. Pengaruh Ekstrak Kopi Robusta Terhadap Ekspresi Osteokalsin Pada Osteoblas
Selama Pergerakan Gigi Ortodonti. Jurnal Teknosains. 2016;6(1):31-6.

Mardiyantoro F, Prasetyaningrum N, Rahmastuti HT. Histopathological characteristics of
dental socket healing on collagen density following use of pangas catfish (Pangasius djam-
bal) gelatin. Majalah Kedokteran Gigi Indonesia. 2020;5(3):120.

Munadziroh E, Askandar MG, Yuliati A, Surboyo MDC, Wan Harun WHA. The effect of
secretory leukocyte protease inhibitor amnion membrane on incisional wound healing. ]
Oral Biol Craniofac Res. 2022;12(3):358-62.

. Sabouri L, Farzin A, Kabiri A, Milan PB, Farahbakhsh M, Mehdizadehkashi A, et al. Min-

eralized Human Amniotic Membrane as a Biomimetic Scaffold for Hard Tissue Engineer-
ing Applications. ACS Biomater Sci Eng. 2020;6(11):6285-98.

. Vaidyanathan L. Growth factors in wound healing { a review. Biomedical and Pharmacol-

ogy Journal. 2021;14(3):1469-80.

. De Aratjo R, Lobo M, Trindade K, Silva DF, Pereira N. Fibroblast Growth Factors: A Con-

trolling Mechanism of Skin Aging. Skin Pharmacol Physiol. 2019;32(5):275-82.


http://www.jidmr.com/

2925.

3228.

3329.

34306.

353%.

3935.

4036.

4238.

Faadhila T, Valentina M, Munadziroh E, Nirwana I, Soekartono H, Surboyo M. Bovine
sponge amnion stimulates socket healing: A histological analysis. ] Adv Pharm Technol
Res. 2021;12(1):99-103.

. Matsumine H, Fujimaki H, Takagi M, Mori S, Iwata T, Shimizu M, et al. Full-thickness skin

reconstruction with basic fibroblast growth factor-impregnated collagen-gelatin sponge.
Regen Ther. 2019;11:81-7.

. Gunasekaran D, Thada R, Felciya G, Jeyakumar S, Panneerselvam N, Shanmugam G, et al.

International Journal of Biological Macromolecules Physicochemical characterization and
self-assembly of human amniotic membrane and umbilical cord collagen : A comparative
study. Int ] Biol Macromol. 2020;165:2920-33.

Huang W, Yang S, Shao J, Li YP. Signaling and transcriptional regulation in osteoblast
commitment and differentiation. Frontiers in Bioscience. 2013;12(8):3068-92.

Shetty S, Kapoor N, Bondu J, Thomas N, Paul T. Bone turnover markers: Emerging tool in
the management of osteoporosis. Indian ] Endocrinol Metab. 2016;20(6):846-52.

Gomes PDS, Daugela P, Poskevicius L, Mariano L, Helena M. Molecular and Cellular As-
pects of Socket Healing in the Absence and Presence of Graft Materials and Autologous
Platelet Concentrates: a Focused Review. Journal of Oral & Maxillofacial Reserch.
2019;10(3):1-18.

Shrivats AR, Alvarez P, Schutte L, Hollinger JO. Bone Regeneration. In: Principles of Tissue
Engineering: Fourth Edition. Fourth Edi. Elsevier; 2013. p. 1201-2.

. Florencio-Silva R, Sasso GR da S, Sasso-Cerri E, Simoes M]J, Cerri PS. Biology of Bone Tissue:

Structure, Function, and Factors That Influence Bone Cells. Hindiawi Publishing Corpora-
tion. 2015;7(6):17-24.

. Khotib J, Gani MA, Budiatin AS, Lestari MLAD, Rahadiansyah E, Ardianto C. Signaling

pathway and transcriptional regulation in osteoblasts during bone healing: Direct involve-

ment of hydroxyapatite as a biomaterial. Pharmaceuticals. 2021;14(7).

. XuD, Wan, Li Z, Wang C, Zou Q, Du C, et al. Tailorable hierarchical structures of bio-

mimetic hydroxyapatite micro/nano particles promoting endocytosis and osteogenic dif-
ferentiation of stem cells. Biomater Sci. 2020;8(12):3286-300.

Ha SW, Park ], Habib MM, Beck GR. Nano-Hydroxyapatite Stimulation of Gene Expres-
sion Requires Fgf Receptor, Phosphate Transporter, and Erk1/2 Signaling. ACS Appl Mater
Interfaces. 2017;9(45):39185-96.

MaY, MaL, Guo Q, Zhang S. Expression of bone morphogenetic protein-2 and its receptors
in epithelial ovarian cancer and their influence on the prognosis of ovarian cancer patients.

Journal of Experimental and Clinical Cancer Research. 2010;29(1):1-6.

. Filova E, Tonar Z, Lukasova V, Buzgo M, Litvinec A, Rampichova M, et al. Hydrogel con-

taining anti-cd44-labeled microparticles, guide bone tissue formation in osteochondral de-
fects in rabbits. Nanomaterials. 2020;10(8):1-27.

Halloran D, Durbano HW, Nohe A. Developmental review bone morphogenetic protein-2
in development and bone homeostasis. ] Dev Biol. 2020;8(3):28-30.



4339.

4440,

4547

4642.

4743.

Renno ACM, Favaro-Pipi E, Fernandes K, Tim C, Ribeiro DA. Ultrasound therapy modu-
lates osteocalcin expression during bone repair in rats. Ultrasonics. 2012;52(1):111-6.
Wang ], Wang M, Chen F, Wei Y, Chen X, Zhou Y, et al. Nano-hydroxyapatite coating
promotes porous calcium phosphate ceramic-induced osteogenesis via BMP/SMAD sig-
naling pathway. Int ] Nanomedicine. 2019;14:7987-8000.

Bruderer M, Richards RG, Alini M, Stoddart MJ. Role and regulation of runx2 in osteogen-
esis. Eur Cell Mater. 2014;28:269-86.

Komori T. Whole Aspect of Runx2 Functions in Skeletal Development. Int ] Mol Sci.
2022;23(10).

Beck GR. Inorganic phosphate as a signaling molecule in osteoblast differentiation. ] Cell
Biochem. 2003;90(2):234—43.

48. Rosa A, Ranieri N, Miranda M, Mehta V, Fiorillo L, Cervino.G. Mini Crestal Sinus Lift With
Bone Grafting and Simultaneous Insertion of Implants in Severe Maxillary Conditions as
an Alternative to Lateral Sinus Lift: Multicase Study Report of Different Techniques. | Cra-
niofac Surg 2023;00: 1-6.

49.  Cicciu M, Fiorillio L, Cervino G, Habal MB. Bone Morophogenetic Protein Application as

Grafting Materials for Bone Regeneration in Craniofacial Surgery: Current Application and
Future Directions. | Craniofac Surg. 2021 Mar-Apr;32(2):787-793.




	c5b34d46886bd1ee4466f9f53162ecb4e8fe806e9e1747cc41573b674b194f53.pdf
	The Role of Bovine Amniotic Membrane and Hydroxyapatite for the Ridge Preservation
	1. Introduction
	2. Materials and Methods
	2.1. Bovine Membrane Amnion Preparation
	2.2. Hydroxyapatite Preparation
	2.3. Combination of Bovine Membrane Amnion and Hydroxyapatite
	2.4. Animals
	2.5. Alveolar Bone Regeneration Model
	2.6. Alveolar Bone Regeneration Analysis
	2.6.1. Osteoblast Analysis
	2.6.2. Collagen Density Analysis
	2.6.3. BMP2, RUNX2, and Osteocalcin Expression

	2.7. Statistical Analysis

	3. Results
	3.1. Collagen Number
	3.2. Osteoblast Number
	3.3. The BMP2 Expression
	3.4. The RUNX2 Expression
	3.5. The Osteocalcin Expression

	4. Discussion
	5. Conclusions
	Abbreviations
	Data Availability
	Additional Points
	Conflicts of Interest
	Acknowledgments
	References


	fc0a2edf2451d45224c14a6349ab91a75be31016bd23a17af946852f82a6f193.pdf

