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ORIGINAL ARTICLE

Characterization of Fresh Bovine Amnion Membrane Combined with
Hydroxyapatite as Candidate Scaffold for Alveolar Bone Tissue Engineering

Octarina®”, Elly Munadziroh?
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2Department of Dental Material, Faculty of Dental Medicine, Universitas Airlangga, Surabaya, Indonesia
*Correspondence e-mail to: octarina@trisakti.ac.id

ABSTRACT

Objective: This research aims to analyze the characteristics of a BAM-HA biocomposite with ratios of 4:1 and
4:2. Methods: This research is an in vitro laboratory experiment that starts by grinding fresh BAM to produce
amnion slurry and then, adding HA powder to the slurry and carrying out freeze-drying on the slurry. Fourier
transform infrared spectroscopy (FTIR) and Scanning electron microscope-Energy dispersive X-ray (SEM-EDX)
tests are used to analyze the characteristics of the BAM-HA biocomposite. Results: The FTIR test results showed
that the BAM-HA biocomposite had amide functional groups I, II, Ill, A, B, OH, COs%, and PO,*. SEM test
results showed revealed different types of pores on the surface of the biocomposite with ratios of 4:1 and 4:2. The
elements C, O, Na, Mg, Si, P, CL, Ca, and Nb were found in the BAM-HA biocomposite following testing by
SEM-EDX. Conclusion: Based on the research results, this research has succeeded in combining BAM-HA. The
ratio BAM-HA 4:2 has the potential as a scaffold for alveolar bone tissue.

Keywords: bovine amnion, characterization, hydroxyapatite, scaffold

How to cite this article: Octarina, Munadziroh E. Characterization of fresh bovine amnion membrane combined with
hydroxyapatite as a candidate scaffold for alveolar bone tissue engineering. J Dent Indones. 2024;31(3): 208-214

INTRODUCTION BAM has been shown to have the ability to accelerate
the epithelialization process, having anti-inflammatory,
Oral and maxillofacial surgery procedures often use antiangiogenic, and analgesic effects.” BAM is, therefore,
alveolar bone engineering techniques to achieve useful as a biomaterial in regenerative medicine.’
effective clinical results.! Scaffolding is widely used
in tissue engineering techniques. A scaffold formed as While BAM offers significant potential for expediting
a three-dimensional structure can be implemented as a bone regeneration, it also possesses inherent
medium to support the growth of new tissues.? weaknesses. One notable limitation is its susceptibility
Scaffolds made from raw biomaterial are used to to rapid degradation, leading to difficulties in
increase the growth of cells that continue the function maintaining the structural integrity needed for effective
of replaced tissue.’ One biomaterial that can be used in bone regeneration. This accelerated degradation is
making scaffolds is bovine amniotic membrane primarily attributed to the high collagen content within
(BAM). BAM is a biomaterial located in the deepest the membrane, which facilitates rapid absorption.
part of the placenta. It surrounds the embryo with a Because of this degradation, bone healing is
thickness of 0.02 to 0.5 mm.* BAM is the same as the predominantly only effective in the marginal area of
human amniotic membrane; the placenta covers the  the bone being regenerated.”'° The limitation of bovine
embryo. This membrane is a thin, strong, translucent, amnion membranes can be optimized by incorporating

and avascular layer. BAM and the human amniotic hydroxyapatite (HA) material. Hydroxyapatite
membrane have similar physical and biological (Ca10(PO4)s(OH),) is the primary type of mineral that

properties.’ BAM contains carbonates (CO3%), sodium composes bones and teeth. HA is synthesized from
(Na"), magnesium (Mg?"), iron (Fe?"), fluoride (F), cow bones, which have almost the same composition
silicon (Si), and chloride (C17). BAM also has several as human bones.!' This material is biocompatible and
materials for regeneration, such as growth factors, osteoconductive.!® In medical applications, HA is
collagen, and antibacterial characteristics.”® In addition, widely used in bone grafting, bone repair, and
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replacement of damaged bone.!> However, biomaterial
characterization tests are needed to prove the
biological function of BAM and HA biocomposites as
candidates for scaffold in regenerating alveolar bone.

This research draws on the results of previous research
on the use of BAM and HA as tissue regeneration
biocomposites. A previous study carried out by
Munadziroh et al. found that BAM can be used for
socket regeneration following tooth extraction by
stimulating the proliferation and formation of new
blood vessel fibroblasts in sockets.” Furthermore, HA
has been used to accelerate the repair of bone damage
by accelerating tissue vascularization without disrupting
the process of remodeling bone.'?!* However, previous
research has been limited to the use of dry bovine
amniotic membranes, so further research to combine
HA with fresh amniotic membranes is needed.

Based on this background, this research aims to
present a characterization of fresh BAM and HA
biocomposite fabrication in the structure of a sponge.
BAM-HA biocomposites are made in ratios of 4:1 and
4:2. The ratios of 4:1 and 4:2 were created in this
research to improve on the properties of the materials
used in previous research, which had ratios that could
not be used to regenerate alveolar bone healing
optimally compared to commercial xenograft
products.'* Therefore, the HA ratio was increased in
this study, and a fresh amniotic membrane was used.
Because HA is one of the most essential materials that
forms alveolar bone. In addition, this research uses a
fresh amniotic membrane because it has a greater
growth factor when compared to dried BAM.P
Characterization was carried out by functional group
testing  Fourier transform infrared (FTIR),
morphological structure test via scanning electron
microscope (SEM), and through element test energy-
dispersive x-ray spectroscopy (EDX).

METHODS

The research was conducted at the Biomaterial Bank
Tissue Center Installation Dr Soetomo Regional
General Hospital (RSUD) Surabaya with ethics
approval number 360/HRECC.FODM/VII/2021.

Fabrication of Biocomposite BAM-HA

Biocomposite fabrication begins with taking BAM from
the deepest part of the cow's placenta. This collection is
carried out without drying so that the membrane has a
softer texture and higher immunogenicity.!®!” The
BAM should be cleaned until it is free from blood
clots. In this study. the amniotic membrane was
cleaned by washing it with a 0.05% saline solution four
times over 10 minutes. The amniotic membrane was
washed again using a distilled water solution until the
saline solution was clear. Fresh cow amnion
membranes were cut, and sodium chloride (NaCl)
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solution was added at a ratio of 1:1.* A blender was
then used to produce amnion slurry.

The amnion slurry was extracted and combined with
HA with ratios of 4:1 and 4:2. The amnion slurry and
HA powder mixture was stirred until homogeneous
and then put into a container with a diameter of 10 cm.
The homogenized mixture was put in the freezer at a
temperature of -80 °C for 1x24 hours. The next step
was freeze-drying for 2x24 hours with a temperature
of -100 °C until a sponge-shaped BAM and HA
biocomposite was obtained.

Functional Group Test (FTIR)

Functional group testing (FTIR) begins with sample
preparation. Fresh bovine amnion membrane-
hydroxyapatite (BAM-HA) biocomposite samples
were mixed with potassium bromide (KBr) in a ratio
of 1:4. The mixture was ground until homogeneous
and then put into a container with a diameter of 4 mm.
Using an IR Prestidge-21 (Shimadzu, Japan), a
homogeneous mixture of samples and KBr was
measured using the diffuse reflectance Fourier
transform infrared spectroscopy (DRSFTIR) method.
The measurement range was 400-4000 cm’!, the
resolution was 2.0 cm-1, the sample was scanned as
many as 20 times, and the value will appear as a
transmittance percentage.

Scanning Electron Microscopy (SEM)

In SEM testing of morphology and structure, the BAM
and HA biocomposite samples were cut to a size of 1
x 1 cm. Before testing, the samples were first coated
with gold (fine coater JFC 1600). Samples were put in
a chamber and then vacuumed with a 15kV SEI
detector. The magnification of the tool was set at 100x.
Then, the pore samples' surface morphology, size, and
shape were analyzed using Imagel.

Energy Dispersive X-ray Spectroscopy (EDX)

On the element test, the sample in the SEM sample
chamber was analyzed, and the sample's material
chemical elements was mapped using energy
dispersive  x-ray  spectroscopy (EDX). The
magnification was set at 100x and 300x with a
distance of 10 mm. The outcomes of the chemical
element analysis are presented visually in a figure with
a color gradient.

RESULTS

This research has successfully combined fresh amnion
membranes with HA into a biocomposite. The
following are the results of biocomposites of fresh
amnion membranes and HA with ratios 4:1 and 4:2.

FTIR analysis shows that all BAM-HA biocomposites
contain amide I, II, III, A, B, and OH functional
groups. Meanwhile, both samples can also be seen to
contain PO4*" and CO52.



Journal of Dentistry Indonesia 2024, Vol. 31, No. 3, 208-214

Graph in Figure la. showed that the BAM-HA
biocomposite with a ratio of 4:1 had an amide I
absorption peak at 1642 cm!, amide II at 1548 cm,
amide IIT at 1241 cm’!, amide A at 3571 cm’!, amide B
at 2962 cm’!, OH at 3445 cm’!, PO43 at 1084 cm’!,
and COs* at a 1478 cm™ wavelength.

On the other hand, as seen in Figure 1b, the BAM-HA
biocomposite with a ratio of 4:2 has an absorption
peak at 1634 cm™! for amide I, at 1559 ¢cm™! for amide
11, at 1263 cm’! for amide 111, at 3566 cm! for amide
A, at 2966 cm’! for amide B, at 3446 cm™! for OH" at
1025 cm'! for PO4*~, and at 1489 cm'! for COs%.

SEM Analysis

Figure 2(a) is an image of the BAM-HA biocomposite
ratio 4:1 surface using SEM at 100x magnification.
Figure 2(b) is a surface image of the BAM-HA
biocomposite ratio of 4:2 using SEM at 100x
magnification. Calculation results using ImageJ show
that the number of pores in BAM-HA biocomposites
4:1 and 4:2 is almost the same, with both having
around 45 pores. However, the shape and size of the
pore differ. BAM-HA, with a ratio of 4:1, has a
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relatively larger pore size with an average of 114.28
um when compared to BAM-HA 4:2, which has a
smaller pore size with an average of 69.10 pm. The
surface morphology of BAM-HA 4:2 appears denser,
with HA granules appearing to bond to the amnion
membrane.

EDX Analysis

Both biocomposites of fresh bovine amnion membrane-
hydroxyapatite ratio demonstrated the existence of C,
O, Na, Mg, Si, P, Cl, Ca, and Nb elements. However,
the element percentage values differed somewhat
between the two biocomposites.

The results of the EDX test on the BAM-HA
biocomposite with a ratio of 4:1 can be seen in Figure
3a. As shown in this figure, the fresh bovine amnion
membrane-hydroxyapatite biocomposite with a ratio
of 4:1 was shown to contain carbon (C) with a
percentage of 69.16%, oxygen (O) 20.81%, sodium
(Na) 3.82%, magnesium (Mg) 0.18 %, silicon (Si)
0.09%, phosphorus (P) 0.41%, chlorine (Cl) 3.99%,
calcium (Ca) 1.33%, and niobium (Nb) 0.21%.

—— BAM-HA 4:1
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Figure 1a.
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Graph of FTIR analysis results of BAM-HA biocomposite with a ratio of 4:1

BAM-HA 4:2

armda B

296

OH

2 Z

(o]

500 1000 1500 2000 2500 3000 3500 4000 4500

Wavelenght (cm")

Figure 1b. Graph of FTIR analysis results of BAM-HA biocomposite with a ratio of 4:2
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Figure 2. Analysis of surface and porosity using scanning electron microscopy (SEM) at 100x magnification
(a) BAM-HA biocomposite ratio 4:1 (b) BAM-HA biocomposite ratio 4:2
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Figure 3a. Graph of EDX test results for BAM-HA biocomposite composition ratio 4:1
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Figure 3b. Graph of EDX test results for BAM-HA biocomposite composition ratio 4:2

The results of the EDX BAM-HA test with a ratio of
4:2 are shown in Figure 3b. The graph shows the
presence of the elements carbon (C) 31.29%, oxygen
(0) 50.27%, sodium (Na) 3.82%, magnesium (Mg)
1.73%, silicon (Si) 0.96%, phosphorus (P) 5.20%,
chlorine (Cl) 1.10%, calcium (Ca) 8.90%, and
niobium (Nb) 0.54%.

BAM can be combined with hydroxyapatite (HA)
biomaterial to maximize the performance of BAM in
tissue regeneration. BAM has abundant growth factors
and collagen with osteoinductive properties,'®!° while
HA has good osteoconductive properties as a bone
substitute.’’ Biocomposite materials produced by
combining collagen and HA can be used to optimize
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bone regeneration because they have a composition
and structure similar to that of natural bone.?' HA can
be synthesized from inorganic components or natural
resources, such as mammalian and marine bones,
plants, and biogenic sources. In this study, HA from
biological sources (natural hydroxyapatite) is extracted
from the femurs and thigh bones of cows,?? which is
advantageous because cow bones morphologically
and structurally resemble human bones.?

The application of BAM is prevalent in the field of
tissue engineering, particularly in the medical domain.
This is because BAM can help in tissue regeneration.
In Indonesia, fresh BAM is abundant and can be
obtained easily.'® BAM contains regenerating
ingredients, such as growth factors, collagen, and
antibacterial properties. In this research, chemical
characterization was carried out, including analysis of
functional groups in the synthesized HA. The analysis
used a Fourier transform infrared (FTIR) instrument to
determine the functional groups of HA qualitatively
based on the absorbance of infrared rays. The FTIR
analysis showed all types of fresh BAM-HA
biocomposites to have amide functional groups I, 11, 111,
A, B, and OH; these functional groups show that fresh
BAM and HA can bind to each other. The appearance
of amides I, I, II, A, and B functional groups in the
biocomposite showed that collagen was still present,
not having been denatured yet. These characteristics
are as expected for BAM-HA, which for HA is a major
component of bone tissue and teeth. The presence of
these characteristic functional groups in hydroxyapatite
is consistent with the well-established chemical
composition and biological significance  of
hydroxyapatite in tissue engineering. 2

The presence of bonds, such as O-P-O (oxygen-
phosphorus-oxygen), C-O (carbon-oxygen), and Ca-O
(calcium-oxygen), indicates the presence of HA in the
sample. FTIR test results show that collagen content is
based on amide functional groups, which have bonds
such as O-H (oxygen-hydrogen), N-H (nitrogen-
hydrogen), C-H (carbon-hydrogen), and N-H (nitrogen-
hydrogen). The BAM-HA biocomposite samples also
showed the presence of PO4> and CO;%. The presence
of phosphate and carbonate groups suggests that
hydroxyapatite was well-bound or present in the BAM
sample during fabrication. In addition, the amide and
hydroxyapatite functional groups in the biocomposite
indicate that the combination of fresh BAM-HA
created in this study successfully bonds with each
other. 1

The formation and penetration of tissue in a
biomaterial can be affected by the porosity, size, and
pore structure of the scaffold used. Therefore, this
research also carried out SEM analysis, a method of
examining the surface of samples that provides
information about their morphology.?* Morphological
characterization is essential for the biomaterials that
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can act as scaffolds. It helps in cell proliferation. The
SEM analysis results revealed micro-sized pores on
the sample surface. The size of pores plays a crucial
role in fostering cell growth and the diffusion of
nutrients, thereby promoting the attachment of cells
and vascularization. In addition, pores can be used as
a standard parameter for oxygen (O2) transport and
nutrients to an inner extracellular matrix scaffold.??

In this research, ImageJ was used to determine and
measure pore area. ImagelJ is a program designed to
speed up the process of image analysis while also
automatically calculating the areas of pores. The pore
size of these two materials, both BAM-HA 4:1 and
Bam-HA 4:2, they do the standards of a scaffold used
for the regeneration of hard tissue and soft tissue. The
optimal standard pore size for osteoconduction sockets
ranges from 200-350 um, while soft tissue regeneration
ranges from 20-125 pm. %

The findings from the EDX examination of human
alveolar bone indicate that calcium (Ca), phosphorus
(P), and oxygen (O) are present in human bone, with
these elements comprising the fundamental components
of hydroxyapatite (HA). Additionally, the components
iron (Fe), copper (Cu), zinc (Zn), bromium (Br),
strontium (Sr), magnesium (Mg), lead (Pb), and
sodium (Na) exist in limited quantities within the
bones of humans.?® The composition of the fresh
BAM-HA biocomposite is almost the same as that of
the previous study that used a combination of dried
BAM and HA.'" The EDX test results show that the
biocomposite materials contain the elements Ca, P, and
O, which are the essential components of bone
structure. The composition of HA added at a ratio of
4:2 is greater, meaning that the Ca elements that appear
in the EDX examination are higher than the ratio of
4:1. A higher HA content at a ratio of 4:2 BAM-HA
made these samples have a higher potential to be used
as a scaffold.!!

More evidence-based research is needed to develop
more effective methods to improve the ability of fresh
bovine amnion as a base material for scaffold
manufacture in regenerating alveolar bone. Furthermore,
due to the limitations of this research, further research
on cells, on experimental animals, and clinical trials
need to be carried out to ensure that this material has
potential as an alveolar bone scaffold.

CONCLUSION

Based on the research results, the characterization test
for forming BAM-HA biocomposites with ratios of
4:1 and 4:2 has been successful. FTIR analysis showed
that fresh bovine amnion membrane and hydroxyapatite
bonded well. SEM-EDX test results show that the 4:2
fresh bovine amnion membrane hydroxyapatite
biocomposite has small pores and higher HA content
and, therefore, greater potential for use as a scaffold.
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Thus, BAM-HA biocomposites can be an alternative
material for tissue engineering, specifically in alveolar
bone.
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Hydroxyapatite as Candidate Scaffold for Alveolar Bone Tissue Engineering
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ABSTRACT

Objective: This research aims to analyze the characteristics of a BAM-HA biocomposite with ratios of 4:1 and
4:2. Methods: This research is an in vitro laboratory experiment that starts by grinding fresh BAM to produce
amnion slurry and then, adding HA powder to the slurry and carrying out freeze-drying on the slurry. Fourier
transform infrared spectroscopy (FTIR) and Scanning electron microscope-Energy dispersive X-ray (SEM-EDX)
tests are used to analyze the characteristics of the BAM-HA biocomposite. Results: The FTIR test results showed
that the BAM-HA biocomposite had amide functional groups 1, 11, I1I, A, B, OH, COs”, and POs*. SEM test
results showed revealed different types of pores on the surface of the biocomposite with ratios of 4:1 and 4:2. The
elements C, O, Na, Mg, Si, P, CL, Ca, and Nb were found in the BAM-HA biocomposite following testing by
SEM-EDX. Conclusion: Based on the research results, this research has succeeded in combining BAM-HA. The

ratio BAM-HA 4:2 has the potential as a scaffold for alveolar bone tissue.

Keywords: bovine amnion, characterization, hydroxyapatite, scaffold
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INTRODUCTION

Oral and maxillofacial surgery procedures often use
alveolar bone engineering techniques to achieve
effective clinical results.! Scaffolding is widely used
in tissue engineering techniques. A scaffold formed as
a three-dimensional structure can be implemented as a
medium to support the growth of new tissues.”
Scaffolds made from raw biomaterial are used to
increase the growth of cells that continue the function
of replaced tissue.* One biomaterial that can be used in
making scaffolds i1s bovine amniotic membrane
(BAM). BAM is a biomaterial located in the deepest
part of the placenta. It surrounds the embryo with a
thickness of 0.02 to 0.5 mm.* BAM is the same as the
human amniotic membrane; the placenta covers the
embryo. This membrane is a thin, strong, translucent,
and avascular layer. BAM and the human amniotic
membrane have similar physical and biological
properties.* BAM contains carbonates (CO:%), sodium
(Na*), magnesium (Mg?"), iron (Fe**), fluoride (F),
silicon (Si), and chloride (C17).S BAM also has several
materials for regeneration, such as growth factors,
collagen, and antibacterial characteristics.™ In addition,

BAM has been shown to have the ability to accelerate
the epithelialization process, having anti-inflammatory,
antiangiogenic, and analgesic effects.” BAM is, therefore,
useful as a biomaterial in regenerative medicine.”

While BAM offers significant potential for expediting
bone regeneration, it also possesses inherent
weaknesses. One notable limitation is its susceptibility
to rapid degradation, leading to difficulties in
maintaining the structural integrity needed for effective
bone regeneration. This accelerated degradation is
primarily attributed to the high collagen content within
the membrane, which facilitates rapid absorption.
Because of this degradation, bone healing is
predommantly only effective in the marginal area of
the bone being regenerated.”'? The limitation of bovine
amnion membranes can be optimized by incorporating
hydroxyapatite (HA) material. Hydroxyapatite
(Caio(POs)s(OH)z2) is the primary type of mineral that
composes bones and teeth. HA is synthesized from
cow bones, which have almost the same composition
as human bones."! This material is biocompatible and
osteoconductive.'” In medical applications, HA is
widely used in bone grafting, bone repair, and
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replacement of damaged bone.'> However, biomaterial
characterization tests are mneeded to prove the
biological function of BAM and HA biocomposites as
candidates for scaffold in regenerating alveolar bone.

This research draws on the results of previous research
on the use of BAM and HA as tissue regeneration
biocomposites. A previous study carried out by
Munadziroh et al. found that BAM can be used for
socket regeneration following tooth extraction by
stimulating the proliferation and formation of new
blood vessel fibroblasts in sockets.” Furthermore, HA
has been used to accelerate the repair of bone damage
by accelerating tissue vascularization without disrupting
the process of remodeling bone.'>* However, previous
research has been limited to the use of dry bovine
amniotic membranes, so further research to combine
HA with fresh amniotic membranes is needed.

Based on this background, this research aims to
present a characterization of fresh BAM and HA
biocomposite fabrication in the structure of a sponge.
BAM-HA biocomposites are made in ratios of 4:1 and
4:2. The ratios of 4:1 and 4:2 were created in this
research to improve on the properties of the materials
used in previous research, which had ratios that could
not be used to regenerate alveolar bone healing
optimally compared to commercial xenograft
products.'* Therefore, the HA ratio was increased in
this study, and a fresh amniotic membrane was used.
Because HA is one of the most essential materials that
forms alveolar bone. In addition, this research uses a
fresh amniotic membrane because it has a greater
growth factor when compared to dried BAM.®
Characterization was carried out by functional group
testing  Fourier transform  infrared (FTIR),
morphological structure test via scanning electron
microscope (SEM), and through element test energy-
dispersive x-ray spectroscopy (EDX).

METHODS

The research was conducted at the Biomaterial Bank
Tissue Center Installation Dr Soetomo Regional
General Hospital (RSUD) Surabaya with ethics
approval number 360/HRECC.FODM/VII/2021.

Fabrication of Biocomposite BAM-HA

Biocomposite fabrication begins with taking BAM from
the deepest part of the cow's placenta. This collection 1s
carried out without drying so that the membrane has a
softer texture and higher immunogenicity.'®'” The
BAM should be cleaned until it is free from blood
clots. In this study. the amniotic membrane was
cleaned by washing it with a 0.05% saline solution four
times over 10 minutes. The amniotic membrane was
washed again using a distilled water solution until the
saline solution was clear. Fresh cow amnion
membranes were cut, and sodium chloride (NaCl)

solution was added at a ratio of 1:1.* A blender was
then used to produce amnion slurry.

The amnion slurry was extracted and combined with
HA with ratios of 4:1 and 4:2. The amnion slurry and
HA powder mixture was stured until homogeneous
and then put into a container with a diameter of 10 em.
The homogenized mixture was put in the freezer at a
temperature of -80 °C for 1x24 hours. The next step
was freeze-drying for 2x24 hours with a temperature
of -100 °C until a sponge-shaped BAM and HA
biocomposite was obtained.

Functional Group Test (FTIR)

Functional group testing (FTIR) begins with sample
preparation. Fresh bovine amnion membrane-
hydroxyapatite (BAM-HA) biocomposite samples
were mixed with potassium bromide (KBr) in a ratio
of 1:4. The mixture was ground until homogeneous
and then put into a container with a diameter of 4 mm.
Using an IR Prestidge-21 (Shimadzu, Japan), a
homogeneous mixture of samples and KBr was
measured using the diffuse reflectance Fourier
transform infrared spectroscopy (DRSFTIR) method.
The measurement range was 400-4000 cm’', the
resolution was 2.0 ¢cm-1, the sample was scanned as
many as 20 times, and the value will appear as a
transmittance percentage.

Scanning Electron Microscopy (SEM)

In SEM testing of morphology and structure, the BAM
and HA biocomposite samples were cut to a size of |
x 1 cm. Before testing, the samples were first coated
with gold (fine coater JFC 1600). Samples were put in
a chamber and then vacuumed with a 15kV SEI
detector. The magnification of the tool was setat 100x.
Then, the pore samples' surface morphology, size, and
shape were analyzed using Imagel.

Energy Dispersive X-ray Spectroscopy (EDX)

On the clement test, the sample in the SEM sample
chamber was analyzed, and the sample's material
chemical elements was mapped using energy
dispersive  x-ray  spectroscopy  (EDX). The
magnification was set at 100x and 300x with a
distance of 10 mm. The outcomes of the chemical
clement analysis are presented visually in a figure with
a color gradient.

RESULTS

This research has successfully combined fresh amnion
membranes with HA into a biocomposite. The
following are the results of biocomposites of fresh
amnion membranes and HA with ratios 4:1 and 4:2.

FTIR analysis shows that all BAM-HA biocomposites
contain amide I, IL, 1II, A, B, and OH functional
groups. Meanwhile, both samples can also be seen to
contain PO and CO+%.
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Graph in Figure la. showed that the BAM-HA
biocomposite with a ratio of 4:1 had an amide I
absorption peak at 1642 cm', amide 11 at 1548 cm,
amide 11T at 1241 cm', amide A at 3571 cm!, amide B
at 2962 cm™', OH at 3445 cm™, PO4* at 1084 cm',
and CO:™ ata 1478 cm™' wavelength.

On the other hand, as seen in Figure 1b, the BAM-HA
biocomposite with a ratio of 4:2 has an absorption
peak at 1634 cm! for amide I, at 1559 em™ for amide
11, at 1263 cm™' for amide 111, at 3566 cm' for amide
A, at 2966 cm’! for amide B, at 3446 cm! for OH" at
1025 em! for POs>, and at 1489 cm! for COs>.

SEM Analysis

Figure 2(a) is an image of the BAM-HA biocomposite
ratio 4:1 surface using SEM at 100x magnification.
Figure 2(b) is a surface image of the BAM-HA
biocomposite ratio of 4:2 using SEM at 100x
magnification. Calculation results using ImageJ show
that the number of pores in BAM-HA biocomposites
4:1 and 4:2 is almost the same, with both having
around 45 pores. However, the shape and size of the
pore differ. BAM-HA, with a ratio of 4:1, has a

Transmitance (%)

relatively larger pore size with an average of 114.28
wm when compared to BAM-HA 4:2, which has a
smaller pore size with an average of 69.10 ym. The
surface morphology of BAM-HA 4:2 appears denser,
with HA granules appearing to bond to the amnion
membrane.

EDX Analysis

Both biocomposites of fresh bovine amnion membrane-
hydroxyapatite ratio demonstrated the existence of C,
0, Na, Mg, Si, P, Cl, Ca, and Nb clements. However,
the element percentage values differed somewhat
between the two biocomposites.

The results of the EDX test on the BAM-HA
biocomposite with a ratio of 4:1 can be seen in Figure
3a As shown in this figure, the fresh bovine amnion
membrane-hydroxyapatite biocomposite with a ratio
of 4:1 was shown to contain carbon (C) with a
percentage of 69.16%, oxygen (0) 20.81%, sodium
(Na) 3.82%, magnesium (Mg) 0.18 %, silicon (Si)
0.09%, phosphorus (P) 0.41%, chlorine (Cl) 3.99%,
calcium (Ca) 1.33%, and niobium (Nb) 0.21%.

BAM-HA 4:1

T
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Figure 1a.
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Graph of FTIR analysis results of BAM-HA biocomposite with a ratio of 4:1

BAM-HA 4:2
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Figure 1b. Graph of FTIR analysis results of BAM-HA biocomposite with a ratio of 4:2
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Figure 2. Analysis of surface and porosity using scanning electron microscopy (SE] at 100x ma;

gnification

(a) BAM-HA biocomposite ratio 4:1 (b) BAM-HA biocomposite ratio 4:2
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Figure 3a. Graph of EDX test results for BAM-HA biocomposite composition ratio 4:1
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Figure 3b. Graph of EDX test results for BAM-HA biocomposite composition ratio 4:2

The results of the EDX BAM-HA test with a ratio of
4:2 are shown in Figure 3b. The graph shows the
presence of the elements carbon (C) 31.29%, oxygen
(0) 50.27%, sodium (Na) 3.82%, magnesium (Mg)
1.73%, silicon (8i) 0.96%. phosphorus (P) 5.20%,
chlorine (Cl) 1.10%, calcium (Ca) 8.90%, and
niobium (Nb) 0.54%.

BAM can be combined with hydroxyapatite (HA)
biomaterial to maximize the performance of BAM in
tissue regeneration. BAM has abundant growth factors
and collagen with osteoinductive properties,'s-' while
HA has good osteoconductive properties as a bone
substitute.”® Biocomposite materials produced by
combining collagen and HA can be used to optimize
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bone regeneration because they have a composition
and structure similar to that of natural bone.! HA can
be synthesized from inorganic components or natural
resources, such as mammalian and marine bones,
plants, and biogenic sources. In this study, HA from
biological sources (natural hydroxyapatite) is extracted
from the femurs and thigh bones of cows,” which is
advantageous because cow bones morphologically
and structurally resemble human bones.

The application of BAM is prevalent in the field of
tissue engineering, particularly in the medical domain.
This is because BAM can help in tissue regeneration.
In Indonesia, fresh BAM is abundant and can be
obtained easily.'® BAM contains regenerating
ingredients, such as growth factors, collagen, and
antibacterial properties. In this research, chemical
characterization was carried out, including analysis of
functional groups in the synthesized HA. The analysis
used a Fourier transform infrared (FTIR) instrument to
determine the functional groups of HA qualitatively
based on the absorbance of infrared rays. The FTIR
analysis showed all types of fresh BAM-HA
biocomposites to have amide functional groups I, I1, I11,
A, B, and OH; these functional groups show that fresh
BAM and HA can bind to each other. The appearance
of amides I, 11, 11, A, and B functional groups i the
biocomposite showed that collagen was still present,
not having been denatured yet. These characteristics
are as expected for BAM-HA, which for HA is a major
component of bone tissue and teeth. The presence of
these characteristic functional groups m hydroxyapatite
is consistent with the well-established chemical
composition and  biological  significance  of
hydroxyapatite in tissue engineering. >

The presence of bonds, such as O-P-O (oxygen-
phosphorus-oxygen). C-O (carbon-oxygen), and Ca-O
(calcium-oxygen), indicates the presence of HA in the
sample. FTIR test results show that collagen content is
based on amide functional groups, which have bonds
such as O-H (oxygen-hydrogen), N-H (nitrogen-
hydrogen), C-H (carbon-hydrogen), and N-H (nitrogen-
hydrogen). The BAM-HA biocomposite samples also
showed the presence of PO and CO;”. The presence
of phosphate and carbonate groups suggests that
hydroxyapatite was well-bound or present in the BAM
sample during fabrication. In addition, the amide and
hydroxyapatite functional groups in the biocomposite
indicate that the combination of fresh BAM-HA
created in this study successfully bonds with each
other. '

The formation and penetration of tissue in a
biomaterial can be affected by the porosity, size, and
pore structure of the scaffold used. Therefore, this
research also carried out SEM analysis, a method of
examining the surface of samples that provides
information about their morphology.** Momphological
characterization is essential for the biomaterials that

can act as scaffolds. It helps in cell proliferation. The
SEM analysis results revealed micro-sized pores on
the sample surface. The size of pores plays a crucial
role in fostering cell growth and the diffusion of
nutrients, thereby promoting the attachment of cells
and vascularization. In addition, pores can be used as
a standard parameter for oxygen (O2) transport and
nutrients to an inner extracellular matrix scaffold.

In this research, Image] was used to determine and
measure pore area. Image] is a program designed to
speed up the process of image analysis while also
automatically calculating the areas of pores. The pore
size of these two materials, both BAM-HA 4:1 and
Bam-HA 4:2, they do the standards of a scaffold used
for the regeneration of hard tissue and soft tissue. The
optimal standard pore size for osteoconduction sockets
ranges from 200-350 pm, while soft tissue regeneration
ranges from 20125 pm. *

The findings from the EDX examination of human
alveolar bone indicate that calcium (Ca), phosphorus
(P), and oxygen (O) are present in human bone, with
these elements comprising the fundamental components
of hydroxyapatite (HA). Additionally, the components
won (Fe), copper (Cu), zinc (Zn), bromium (Br),
strontium (Sr), magnesium (Mg), lead (Pb), and
sodium (Na) exist in limited quantities within the
bones of humans.®® The composition of the fresh
BAM-HA biocomposite is almost the same as that of
the previous study that used a combination of dried
BAM and HA.' The EDX test results show that the
biocomposite materials contain the elements Ca, P, and
O, which are the essential components of bone
structure. The composition of HA added at a ratio of
4:2 is greater, meaning that the Ca elements that appear
in the EDX examination are higher than the ratio of
4:1. A higher HA content at a ratio of 4:2 BAM-HA
made these samples have a higher potential to be used
as a scaffold."

More evidence-based research is needed to develop
more effective methods to improve the ability of fresh
bovine amnion as a base material for scaffold
manufacture in regenerating alveolar bone. Furthermore,
due to the limitations of this research, further research
on cells, on experimental animals, and clinical trials
need to be carried out to ensure that this material has
potential as an alveolar bone scaffold.

CONCLUSION

Based on the research results, the characterization test
for forming BAM-HA biocomposites with ratios of
4:1 and 4:2 has been successful. FTIR analysis showed
that fresh bovine amnion membrane and hydroxyapatite
bonded well. SEM-EDX test results show that the 4:2
fresh bovine amnion membrane hydroxyapatite
biocomposite has small pores and higher HA content
and, therefore, greater potential for use as a scaffold.
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Thus, BAM-HA biocomposites can be an alternative
material for tissue engineering, specifically in alveolar
bone.
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INTRODUCTION

Oral and maxillofacial surgery procedures are often used alveolar bone engineering techniques
to_net some effective clinical results. Scaffold widely used in tissue engineering techniques (tissue
engineering). A scaffold formed as a three-dimensional structure implemented as a medium to support
the growth of new tissues.? Scaffold made from biomaterial raw as a bone tissue restoration material to
increase the growth of cells that will continue the function of the replaced tissue.® One of the biomaterials
that can be used in making scaffolds is bovine amniotic membrane (BAM). BAM is a biomaterial which
it’s location is in the deepest part of the placenta. It surrounds the embryo with a thickness of 0.02 to 0.5
mm.* BAM is similar to human amniotic membrane based on its physical and biological properties. BAM
contains carbonates (CO3s?), sodium (Na*), magnesium (Mg?*), iron (Fe?*), flouride (F"), silicon (Si), and
chloride (CI").5> BAM also has several contents for regeneration, such as growth factors, collagen, and
antibacterial characteristic.®” In addition, BAM has been shown to have the ability to accelerate the
epithelialization process, having anti-inflammatory, antiangiogenic, and analgesic effects.® Therefore,
BAM is useful as an biomaterial in regenerative medicine.®

The function of bovine amnion membranes in regeneration can be optimized by incorporating
hydroxyapatite (HA) material. Hydroxyapatite (Cai0(PO4)s(OH)2) is the primary type of mineral that
compose bones and teeth. HA formed from cow bones that has almost the same composition with human
bones. This material is biocompatible and osteoconductive.® In medical applications, HA is widely used
in bone grafting, bone repair, and replacement of damaged bone.? However, it requires biomaterials
characterization tests to prove the biological function of BAM and HA biocomposites as candidates for
scaffold in regenerating alveolar bone. Characterization tests are also carried out to determine physical

and chemical character based on the influence of size and composition.**

This research refers to several results of previous research regarding BAM and HA as tissue
regeneration biocomposites. A previous study done by Munadziroh et al. (2021) found that BAM can be
used for socket regeneration after extracting tooth by stimulating the proliferation and formation of new
blood vessel fibroblasts.® Meanwhile, HA has also been researched and developed to accelerate the repair
of bone damage by accelerating tissue vascularization without disrupting the process of remodeling
bone.1®!! However, further research is still needed because previous research was limited to the use of

dry cow amniotic membranes.
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Based on this hackground, this research aims to present a characterization of the BAM and HA
hincomposite fabrication method, which will produce a preparation in the structure of a sponge. BAM-
HA biocomposites are made in ratios of 4;1 and 4:2 according to material standards that can be a
substitute for alveolar bone. Characterization was carried out by functional group testing Fourier
Transform Infrared (FTIR), morphological structure test via Scanning Electron Microscope (SEM), and
through element test Energy-Dispersive X-ray Spectroscopy (EDX).

METHODS

The laboratory experimental research in vitro was conducted. The research was conducted at
the Biomaterial Bank Tissue Center Installation Dr Soetomo Regional General Hospital (RSUD)
Surabaya with Number of Ethics 360/HRECC.FODM/V11/2021.

Fabricationy Biocomposite

Biocomposite fabrication begins with taking BAM from the deeoest part of the cow's placenta.
This collection is carried out without drying so that the membrane has a softer texture and higher
immunogenicity.*>® The BAM should be cleaned until it is free from blood clots. The amniotic
membrane was washed using the saline solution with a concentration of 0.05% four times within 10
minutes. Hereafter, the amniotic membrane was washed again using a distilled water solution until the
saline solution is clear. Fresh cow amnion membranes were cut, and sodium chloride (NaCl) solution

was added with a ratio of 1:1.4

The amnion membrane was cut and added with NaCl, then ground using a blender to produce
amnion slurry. Amnion pulp was taken and added with HA powder twice in a ratio of 4:1 and 4:2. The
amnion slurry and HA powder mixture was stirred until homogeneous and then put into a container with
a diameter of 10 cm. The homogenized mixture is put in the freezer at a temperature of -80°C for 1x24
hours. If it was done, then the next step was freeze-drying for 2x24 hours with the temperature of 100°C

until a snonge-shaped BAM and HA biocomposite was obtained.
Functional Group Test (FTIR)

Functional group testing (FTIR) begins with sample preparation. Fresh bovine amnion
membrane-hydroxyapatite (BAM-HA) biocomposite samples were mixed up with potassium bromide
(KBr) in a ratio of 1:4. The mixture was grinded until homogeneous and put into a container with a
diameter of 4 mm. Using an IR Prestidge-21 (Shimadzu, Japan), a homogeneous mixture of samples and

KBr was measured using the Diffuse Reflectance — Fourier Transform Infrared Spectroscopy (DRS-
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FTIR) method. The measurement range is 400 — 4000 cm?, resolution 2.0 cm™, scanned as many as 20,
and the percentage measurement results transmittance.
Morphological Structure Test (SEM)

In structure-morphology (SEM) testing, BAM and HA biocomposite samples were cut to a size
of 1 x 1 cm. Before testing, the samples were first coated with gold (fine coater JFC 1600). Samples are
put in a chamber and then vacuumed with a 15kV SEI detector. The magnification of the tool is set at
50x and 500x. Then, the pores surface morphology, size and shape will be analyzed using Image-J.

Element Test (EDX)

On the elemental test (EDX), the sample found on chamber SEM was analyzed and performed
mapping material chemical elements using Energy Dispersive X-ray Spectroscopy (EDX). The
magnification was set as 100 um and 300 pum with a distance of 10 mm. The outcomes of the chemical
element analysis are presented visually on a map with a colour gradient.

RESULTS

FTIR analysis

FTIR analysis shows that all BAM-HA biocomposites have amide I, II, I1ll, A, B and OH

functional groups. Meanwhile, both samples also show the the existence of PO,*> and CO32.

BAM-HA 4:1

PO,
ida 111
€0,
a ll
amida |
amida B

Transmitance (%)
&

1084
1241
=
2062 <
OH

1478
1548
1642

34454

BN

500 1000 1500 2000 2500 3000 3500 4000

Wavelenght (cm™)
Figure 1a. Graph of FTIR analysis results of BAM-HA biocomposite with a ratio of 4:1
Graph in figure 1la. sowed that the BAM-HA biocomposite with a ratio of 4:1 had an amide |

absorption peak at 1642 cm*, amide Il at 1548 cm™, amide 111 at 1241 cm!, amide A at 3571 cm, amide

B at 2962 cm™, OH" at 3445 cm™, PO4% at 1084 cm™, and CO3% at 1478 cm* wavelength.
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Figure 1b. Graph of FTIR analysis results of BAM-HA biocomposite with a ratio of 4:2

On the other hand, as seen in figure 1b, the BAM-HA biocomposite with a ratio of 4:2 has an
amide | absorption peak at1634 cm, amide Il at 1559 cm%, amide 111 at 1263 cm™, amide A at 3566 cm-
1, amide B at 2966 cm™*, OH"at 3446 cm™*, PO, at 1025 cm™, and CO3? at 1489 cm™ wavelength.

Analysis SEM

Figure 2. Analysis of surface and porosity using Scanning Electron Microscopy (SEM) at 100x

magnification (a) BAM-HA biocomposite ratio 4:1 (b) BAM-HA biocomposite ratio 4:2

Figure 2(a) is an image of the BAM-HA biocomposite ratio 4:1 surface using SEM at 100x

magnification. Figure 2(b) is a surface image of the bovine amnion membrane-hydroxyapatite

biocomposite ratio of 4:2 using SEM at 100x magnification.

EDX Test

Both biocomposites of fresh bovine amnion membrane-hydroxyapatite ratio demonstrated the

existence of C, O, Na, Mg, Si, P, Cl, Ca, and Nb elements. However, the element percentage values

between the two biocomposites are pretty different.
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Figure 3a. Graph of EDX test results for BAM-HA biocomposite composition ratio 4:1

The EDX test on the BAM-HA biocomposite with a ratio of 4:1 shows the results as depicted
in figure 3a. Based on the graph, the fresh bovine amnion membrane-hydroxyapatite biocomposite with
a ratio of 4:1 shows elements including Carbon (C) with a percentage of 69.16%, Oxygen (O) 20.81%,
Sodium (Na) 3.82%, Magnesium (Mg) 0.18 %, Silicon (Si) 0.09%, Phosphorus (P) 0.41 %, Chlorine (CI)

3.99%, Calcium (Ca) 1.33%, Niobium (Nb) 0.21%.
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Figure 3b. Graph of EDX test results for BAM-HA biocomposite composition ratio 4:2

Meanwhile, the EDX BAM-HA test with a ratio of 4:2 shows results as shown in the figure 3b. The graph
shows the presence of the elements Carbon (C) 31.29%, Oxygen (O) 50.27%, Sodium (Na) 3.82%,
Magnesium (Mg) 1.73%, Silicon (Si) 0.96%, Phosphorus (P) 5.20%, Chlorine (Cl) 1.10%, Calcium (Ca)
8.90%, Niobium (Nb) 0.54%.
DISCUSSION

BAM can be combined with hydroxyapatite (HA) biomaterial to maximize the performance of

BAM in tissue regeneration. BAM has abundant growth factors and collagen with osteoinductive



properties®®, while HA has good osteoconductive properties as a bone substitute.'® Biocomposite
materials produced by combining collagen and HA using several techniques can be an option for
optimizing bone regeneration because they have a composition and structure similar to natural bone.*’
HA can be synthesized from inorganic components or natural resources, such as mammalian and marine
bones, plants and biogenic sources. In this case, HA from biological sources (natural hydroxyapatite) is
extracted from cow bone parts of the femur or thighs.’® This is an advantage because cow bones
morphologically and structurally resemble human bones.*®

In line with previous studies, the application of bovine amnion membranes (BAM) is prevalent
in the field of tissue engineering, particularly within the medical domain. This use is carried out because
BAM can help tissue regeneration. In Indonesia, BAM is so abundant that it can be obtained easily.*
BAM contains regenerating ingredients such as growth factors, collagen, and antibacterial properties. In
this research, chemical characterization has been carried out, including analysis of functional groups on
the synthesized HA. The analysis uses a Fourier Transform Infrared (FTIR) instrument to determine the
functional groups of hydroxyapatite qualitatively based on the absorbance of infrared rays. The analysis
is characterized by a shift in wavelength in the wave number area of 4000-400 cm-, an increase or

decrease in intensity, and the disappearance and emergence of new spectra.*®

Based on the results of FTIR analysis, all types of BAM-HA biocomposites have amide
tunctional groups I, 11, 111, A, B, and OH. The existence of amide chemical compounds is characterized
by the presence of the functional group RnE(O) x NR'2, where R and R' can be hydrogen (H) or organic
groups. BAM-HA biocomposite with a ratio of 4:1 has an Amide | absorption peak of cm, Amida Il
1,548 cm™®, Amida Il1 1.241 cm™, Amida A 3,571 cm™, Amida B 2962 cm™, OH" group 3,445 cm™, PO4*
at 1.084 cm%, CO4* at a wavelength of 1,478 cm™*. Meanwhile, the BAM-HA biocomposite with a ratio
of 4:2 has an Amide | absorption peak of 1634 cm*, Amida Il 1559 cm™, Amida Il 1263 cm, Amida
A 3566 cm™, 2966 cm™, OH group 3446 cm™, PO,% 1025 cm™ and CO3* clusters at a wavelength of
1489 cmL. These absorption peaks show characteristic peaks of protein macromolecules in the bovine

bone matrix.'8

The presence of bonds such as O-P-O (Oxygen-Phosphorus-Oxygen), C-O (Carbon-Oxygen),
and Ca-O (Calcium-Oxygen) indicates the presence of HA in the sample. FTIR test results show that
collagen content is based on amide functional groups which have bonds such as O-H (Oxygen-

Hydrogen), N-H (Nitrogen-Hydrogen), C-H (Carbon-Hydrogen) and N-H (Nitrogen-Hydrogen). The


ASUS
Highlight
How many fabrication methods did the author use to prepare the samples? Please state all of the methods

ASUS
Highlight
This statement has been stated before in result

Lenovo
Sticky Note
I'm sorry in this research only one technique. I will fixed it

Lenovo
Sticky Note
I will removed the statement


BAM-HA biocomposite samples also showed the presence of the POs* and COs?. The presence of
phosphate and carbonate groups indicates that hydroxyapatite is well-bound or present in the BAM
sample during fabrication. In addition, the amide and hydroxyapatite functional groups in the

biocomposite indicate that combination BAM-HA is feasible.

The formation and penetration of tissue in a biomaterial can be affected by the porosity, size,
and pore structure of the scaffold. Therefore, this research also carried out SEM analysis, a method of
examining the surface of samples, which provides information about their morphology.2° Morphological
characterization is essential for the primary purpose of the scaffold. It helps in cell proliferation. The
SEM analysis results show micro-sized pores on the sample surface. The size of pores plays a crucial
role in fostering cell growth and the diffusion of nutrients, thereby promoting the attachment of cells and
vascularization. In addition, pores can be used as a standard parameter for oxygen (O2) transport and

nutrients to the inner extracellular matrix scaffold.8

The optimal standard pore size for osteoconduction sockets ranges from 200-350 pm, while soft
tissue regeneration ranges from 20-125 pum. % To determine and measure the pore area, Image-J is used.
Imgae-J is a program designed to speed up the process of image analysis while also automatically gauging
the area of pores area. The pore size is in the range of 40-80 um for the BAM-HA 4:1 biocomposite.
Meanwhile, no nores were found in the BAM-HA biocomposite with a ratio of 4:2.

The findings from the EDX examination of human alveolar bone indicate that Calcium (Ca),
Phosphorus (P), and Oxygen (O) are present in human bone, comprising the fundamental components of
hydroxyapatite (HA). Additionally, there are components iron (Fe), copper (Cu), zinc (Zn), Bromium
(Br), strontium (Sr), magnesium (Mg), lead (Pb), and sodium (Na) which exist in limited quantities within
the bones of humans. The composition of this material is almost the same as that contained in the BAM-
HA biocomposite.?? The EDX BHA test results show that BHA contains the elements Ca. P, and O, which
are the essential components. The elements Mg and Na were also found as minor components. The EDX
results of the BAM-HA biocomposite show that the fiber surface contains hydroxyapatite, with calcium
and phosphorus peaks, but at a lower level than the carbon peak.

More evidence-based research is needed to develop more effective methods to improve the
ability of fresh bovine amnion as a base material for scaffold manufacture in regenerating alveolar bone.

Furthermore, due to the limitations of this research, as a recommendation it is also necessary to carry out
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further research on cells, experimental animals and clinical trials to ensure that this material really has

potential as an alveolar bone scaffold.
CONCLUSION

Based on the research results, the characterization test for forming BAM-HA biocomposites
with a ratio of 4:1 and 4:2 has been successful. FTIR analysis showed that fresh bovine amnion membrane
and hydroxyapatite bonded well. Meanwhile, SEM test results show that the fresh bovine amnion
membrane-hydroxyapatite 4:1 biocomposite can regenerate soft tissue but is not osteoconductive. This
result is better than the 4:2 fresh bovine amnion membrane-hydroxyapatite biocomposite, with no pores.
The EDX results also showed that the fresh bovine amnion membrane-hydroxyapatite biocomposite
contained several elements in joint with scaffold bones. Thus, BAM-HA biocomposites can be an

alternative as a material for tissue engineering, especially in alveolar bone.
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INTRODUCTION

Oral and maxillofacial surgery procedures are often used alveolar bone engineering techniques
to get some effective clinical results.! Scaffold widely used in tissue engineering techniques (tissue
engineering). A scaffold formed as a three-dimensional structure implemented as a medium to support
the growth of new tissues.? Scaffold made from biomaterial raw as a bone tissue restoration material to
increase the growth of cells that will continue the function of the replaced tissue.® One of the biomaterials
that can be used in making scaffolds is bovine amniotic membrane (BAM). BAM is a biomaterial which
it’slocation is jn the deepest part of the placenta. It surrounds the embryo with a thickness of 0.02 to 0.5
mm.* BAM is similar to human amniotic membrane based on its physical and biological properties. BAM
contains carbonates (CO3s?), sodium (Na*), magnesium (Mg?*), iron (Fe?*), flouride (F"), silicon (Si), and
chloride (CI").5> BAM also has several contents for regeneration, such as growth factors, collagen, and
antibacterial characteristic.®” In addition, BAM has been shown to have the ability to accelerate the
epithelialization process, having anti-inflammatory, antiangiogenic, and analgesic effects.® Therefore,
BAM is useful as an biomaterial in regenerative medicine.®

The function of bovine amnion membranes in reneneration can be optimized by incorporating
hydroxyapatite (HA) material. Hydroxyapatite (Cai0(PO4)s(OH)2) is the primary type of mineral that
compose bones and teeth. HA formed from cow, bones that has almost the same composition with human
bones. This material is biocompatible and osteoconductive.® In medical applications, HA is widely used
in bone grafting, bone repair, and replacement of damaged bone.? However, it requires biomaterials
characterization tests to prove the biological function of BAM and HA biocomposites as candidates for
scaffold in regenerating alveolar bone. Characterization tests are also carried out to determine physical

and chemical character based on the influence of size and composition.**

This research refers to several results of previous research regarding BAM and HA as tissue
regeneration biocomposites. A previous study done by Munadziroh et al. (2021) found that BAM can be
used for socket regeneration after extracting tooth by stimulating the proliferation and formation of new
blood vessel fibroblasts.® Meanwhile, HA has also been researched-and developed to accelerate the repair
of bone damage by accelerating tissue vascularization without disrupting the process of remodeling
bone.1®!! However, further research is still needed because previous research was limited to the use of

dry cow amniotic membranes.
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Based on this background, this research aims to present-g characterization of the BAM and HA
biocomposite fabrication method, which-will produce-a-preparation in the structure of a sponge. BAM-
HA biocomposites are made in ratios of 4:1 and 4:2 according to material standards that can be a
substitute for alveolar bone. Characterization was carried out by functional group testing Fourier
Transform Infrared (FTIR), morphological structure test via Scanning Electron Microscope (SEM), and
through element test Energy-Dispersive X-ray Spectroscopy (EDX).

METHODS

ed- The research was conducted at

the Biomaterial Bank Tissue Center Installation Dr Soetomo Regional General Hospital (RSUD)
Surabaya with Number of Ethics 360/HRECC.FODM/V11/2021.
Fabricationy, Biocomposite

Biocomposite fabrication begins with taking BAM from the deepest part of the cow's placenta.
This collection is carried out without drying so that the membrane has a softer texture and higher
immunogenicity.*>* The BAM should be cleaned until it is free from blood clots. The amniotic
membrane was washed using the saline solution with a concentration of 0.05% four times within 10
minutes. Hereafter, the amniotic membrane was washed again using a distilled water solution until the
saline solution is clear. Fresh cow amnion membranes were cut, and sodium chloride (NaCl) solution

was added with a ratio of 1:1.4

The amnion membrane was cut and added with NaCl, then ground using a blender to produce
amnion slurry. Amnion pulp was taken and added with HA powder twice in a ratio of 4:1 and 4:2. The
amnion slurry and HA powder mixture was stirred until homogeneous and then put into a container with
a diameter of 10 cm. The homogenized mixture is put in the freezer at a temperature of -80°C for 1x24
hours. If it was done, then the next step was freeze-drying for 2x24 hours with the temperature of 100°C

until a sponge-shaped BAM and HA biocomposite was obtained.
Functional Group Test (FTIR)

Functional group testing (FTIR) begins with sample preparation. Fresh bovine amnion
membrane-hydroxyapatite (BAM-HA) biocomposite samples were mixed up with potassium bromide
(KBr) in a ratio of 1:4. The mixture was grinded until homogeneous and put into a container with a
diameter of 4 mm. Using an IR Prestidge-21 (Shimadzu, Japan), a homogeneous mixture of samples and

KBr was measured using the Diffuse Reflectance — Fourier Transform Infrared Spectroscopy (DRS-
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FTIR) method. The measurement range is 400 — 4000 cm-%, resolution 2.0 cm™, scanned as many as 20,
and the percentage measurement results transmittance.
Morphological Structure Test (SEM)

In structure-morphology (SEM) testing, BAM and HA biocomposite samples were cut to a size
of 1 x 1 cm. Before testing, the samples were first coated with gold (fine coater JFC 1600). Samples are
put in a chamber and then vacuumed with a 15kV SEI detector. The magnification of the tool is set at
50x and 500x. Then, the pores surface morphology, size and shape will be analyzed using Image-J.

Element Test (EDX)

On the elemental test (EDX), the sample found on chamber SEM was analyzed and performed
mapping material chemical elements using Energy Dispersive X-ray Spectroscopy (EDX). The
magnification was set as 100 um and 300 pum with a distance of 10 mm. The outcomes of the chemical
element analysis are presented visually on a map with a colour gradient.

RESULTS

FTIR analysis

FTIR analysis shows that all BAM-HA biocomposites have amide I, II, 1ll, A, B and OH

functional groups. Meanwhile, both samples also show the the existence of PO,*> and CO32.

BAM-HA 4:1
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Figure 1a. Graph of FTIR analysis results of BAM-HA biocomposite with a ratio of 4:1
Graph in figure 1la. sowed that the BAM-HA biocomposite with a ratio of 4:1 had an amide |

absorption peak at 1642 cm*, amide Il at 1548 cm™, amide 111 at 1241 cm!, amide A at 3571 cm™, amide

B at 2962 cm™, OH" at 3445 cm™, PO4% at 1084 cm™, and CO3% at 1478 cm wavelength.
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Figure 1b. Graph of FTIR analysis results of BAM-HA biocomposite with a ratio of 4:2

On the other hand, as seen in figure 1b, the BAM-HA biocomposite with a ratio of 4:2 has an
amide | absorption peak at1634 cm, amide Il at 1559 cm%, amide 111 at 1263 cm™, amide A at 3566 cm-
1, amide B at 2966 cm™*, OH"at 3446 cm™*, PO, at 1025 cm™, and CO3? at 1489 cm™ wavelength.

Analysis SEM

Figure 2. Analysis of surface and porosity using Scanning Electron Microscopy (SEM) at 100x

magnification (a) BAM-HA biocomposite ratio 4:1 (b) BAM-HA biocomposite ratio 4:2

Figure 2(a) is an image of the BAM-HA biocomposite ratio 4:1 surface using SEM at 100x

magnification. Figure 2(b) is a surface image of the bovine amnion membrane-hydroxyapatite

biocomposite ratio of 4:2 using SEM at 100x magnification.

EDX Test

Both biocomposites of fresh bovine amnion membrane-hydroxyapatite ratio demonstrated the

existence of C, O, Na, Mg, Si, P, Cl, Ca, and Nb elements. However, the element percentage values

between the two biocomposites are pretty different.
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Figure 3a. Graph of EDX test results for BAM-HA biocomposite composition ratio 4:1

The EDX test on the BAM-HA biocomposite with a ratio of 4:1 shows the results as depicted
in figure 3a. Based on the graph, the fresh bovine amnion membrane-hydroxyapatite biocomposite with
a ratio of 4:1 shows elements including Carbon (C) with a percentage of 69.16%, Oxygen (O) 20.81%,
Sodium (Na) 3.82%, Magnesium (Mg) 0.18 %, Silicon (Si) 0.09%, Phosphorus (P) 0.41 %, Chlorine (CI)

3.99%, Calcium (Ca) 1.33%, Niobium (Nb) 0.21%.
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Figure 3b. Graph of EDX test results for BAM-HA biocomposite composition ratio 4:2

Meanwhile, the EDX BAM-HA test with a ratio of 4:2 shows results as shown in the figure 3b. The graph
shows the presence of the elements Carbon (C) 31.29%, Oxygen (O) 50.27%, Sodium (Na) 3.82%,
Magnesium (Mg) 1.73%, Silicon (Si) 0.96%, Phosphorus (P) 5.20%, Chlorine (Cl) 1.10%, Calcium (Ca)
8.90%, Niobium (Nb) 0.54%.
DISCUSSION

BAM can be combined with hydroxyapatite (HA) biomaterial to maximize the performance of

BAM in tissue regeneration. BAM has abundant growth factors and collagen with osteoinductive



properties®®, while HA has good osteoconductive properties as a bone substitute.'® Biocomposite
materials produced by combining collagen and HA using several techniques can be an option for
optimizing bone regeneration because they have a composition and structure similar to natural bone.'’
HA can be synthesized from inorganic components or natural resources, such as mammalian and marine
bones, plants and biogenic sources. In this case, HA from biological sources (natural hydroxyapatite) is
extracted from cow bone parts of the femur or thighs.’® This is an advantage because cow bones
morphologically and structurally resemble human bones.*®

In line with previous studies, the application of bovine amnion membranes (BAM) is prevalent
in the field of tissue engineering, particularly within the medical domain. This use is carried out because
BAM can help tissue regeneration. In Indonesia, BAM is so abundant that it can be obtained easily.*
BAM contains regenerating ingredients such as growth factors, collagen, and antibacterial properties. In
this research, chemical characterization has been carried out, including analysis of functional groups on
the synthesized HA. The analysis uses a Fourier Transform Infrared (FTIR) instrument to determine the
functional groups of hydroxyapatite qualitatively based on the absorbance of infrared rays. The analysis
Is characterized by a shift in wavelength in the wave number area of 4000-400 cm-?, an increase or

decrease in intensity, and the disappearance and emergence of new spectra.*®

Based on the results of FTIR analysis, all types of BAM-HA biocomposites have amide
functional groups I, 11, 11l, A, B, and OH. The existence of amide chemical compounds is characterized
by the presence of the functional group RnE(O) x NR'2, where R and R’ can be hydrogen (H) or organic
groups. BAM-HA biocomposite with a ratio of 4:1 has an Amide | absorption peak of cm, Amida I
1,548 cm™, Amida I11 1.241 cm™*, Amida A 3,571 cm™, Amida B 2962 cm™, OH" group 3,445 cm™, PO4*
at 1.084 cm'1, CO4* at a wavelength of 1,478 cm™t. Meanwhile, the BAM-HA biocomposite with a ratio
of 4:2 has an Amide | absorption peak of 1634 cm™*, Amida Il 1559 cm™, Amida Il 1263 cm, Amida
A 3566 cm, 2966 cm™, OH group- 3446 cm™, PO,% 1025 cm™ and CO3* clusters at a wavelength of
1489 cm™. These absorption peaks show characteristic peaks of protein macromolecules in the bovine

bone matrix.'8

The presence of bonds such as O-P-O (Oxygen-Phosphorus-Oxygen), C-O (Carbon-Oxygen),
and Ca-O (Calcium-Oxygen) indicates the presence of HA in the sample. FTIR test results show that
collagen content is based on amide functional groups which have bonds such as O-H (Oxygen-

Hydrogen), N-H (Nitrogen-Hydrogen), C-H (Carbon-Hydrogen) and N-H (Nitrogen-Hydrogen). The
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BAM-HA biocomposite samples also showed the presence of the POs* and COs?. The presence of
phosphate and carbonate groups indicates that hydroxyapatite is well-bound or present in the BAM
sample during fabrication. In addition, the amide and hydroxyapatite functional groups in the

biocomposite indicate that combination BAM-HA is feasible.

The formation and penetration of tissue in a biomaterial can be affected by the porosity, size,
and pore structure of the scaffold. Therefore, this research also carried out SEM analysis, a method of
examining the surface of samples, which provides information about their morphology.2® Morphological
characterization is essential for the primary purpose of the scaffold. It helps in cell proliferation. The
SEM analysis results show micro-sized pores on the sample surface. The size of pores plays a crucial
role in fostering cell growth and the diffusion of nutrients, thereby promoting the attachment of cells and
vascularization. In addition, pores can be used as a standard parameter for oxygen (O2) transport and

nutrients to the inner extracellular matrix scaffold.8

The optimal standard pore size for osteoconduction sockets ranges from 200-350 pm, while soft
tissue regeneration ranges from 20-125 pum. % To determine and measure the pore area, Image-J is used.
Imgae-J is a program designed to speed up the process of image analysis while also automatically gauging
the area of pores area. The pore size is in the range of 40-80 um for the BAM-HA 4:1 biocomposite.
Meanwhile, no pores were found in the BAM-HA biocomposite with a ratio of 4:2.

The findings from the EDX examination of human alveolar bone indicate that Calcium (Ca),
Phosphorus (P), and Oxygen (O) are present in human bone, comprising the fundamental components of
hydroxyapatite (HA). Additionally, there are components iron (Fe), copper (Cu), zinc (Zn), Bromium
(Br), strontium (Sr), magnesium (Mg), lead (Pb), and sodium (Na) which exist in limited quantities within
the bones of humans. The composition of this material is almost the same as that contained in the BAM-
HA biocomposite.?? The EDX BHA test results show that BHA contains the elements Ca, P, and O, which
are the essential components. The elements Mg and Na were also found as minor components. The EDX
results of the BAM-HA biocomposite show that the fiber surface contains hydroxyapatite, with calcium
and phosphorus peaks, but at a lower level than the carbon peak.

More evidence-based research is needed to develop more effective methods to improve the
ability of fresh bovine amnion as a base material for scaffold manufacture in regenerating alveolar bone.

Furthermore, due to the limitations of this research, as a recommendation it is also necessary to carry out
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further research on cells, experimental animals and clinical trials to ensure that this material really has

potential as an alveolar bone scaffold.
CONCLUSION

Based on the research results, the characterization test for forming BAM-HA biocomposites
with a ratio of 4:1 and 4:2 has been successful. FTIR analysis showed that fresh bovine amnion membrane
and hydroxyapatite bonded well. Meanwhile, SEM test results show, that the fresh bovine amnion
membrane-hydroxyapatite 4:1 biocomposite can regenerate soft tissue but is not osteoconductive. This
result is better than the 4:2 fresh bovine amnion membrane-hydroxyapatite biocomposite, with no pores.
The EDX results also showed that the fresh bovine amnion membrane-hydroxyapatite biocomposite
contained several elements in joint with scaffold bones. Thus, BAM-HA biocomposites can be an

alternative as a material for tissue engineering, especially in alveolar bone.
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