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Amniotic membrane is used as a biomaterial in orthopedics, and
its use keeps increasing. Another source of amnion can be found
in bovine. Amniotic membrane in the sponge form is more easily
applied to several types of wounds, is more durable, and can be
used as an absorbent dressing for productive chronic wounds.
This type of study is an analytic observational study that gives
three different treatments to two different samples. The
research design used is a randomized, post-test-only design. The
bovine amnion was made into a membrane and sponge, and
they were characterized based on thickness, water absorption,
and tensile strength. The bovine amnion membrane has a tensile
strength of 0.07 +* 0.006 N/mm?, while the bovine amnion
sponge has a tensile strength of 0.118 + 0.01 N/mm?, it has a
significant result difference with a p-value of 0.001. In the
absorption power test results, it was found that the bovine
amnion sponge had an average absorption power of 0.84 + 0.09
(1004 £ 122%), and the bovine amnion membrane had an
absorption power of 0.80 + 0.11 (806 + 118%) with a p-value of
0.442. The average thickness of the bovine amnion membrane is
0.30 £+ 0.01, and the thickness of the bovine amnion sponge is
0.61 £ 0.26; it also has a significant result difference with a p-
value of 0.001. Bovine amnion sponges have better absorption
capability and stronger tensile strength, while freeze-dried
amnion membranes have a more homogeneous thickness.
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Introduction antifibrotic, and anti-scarring properties, and
it has a very high tensile strength [2].
Amnion membranes are widely known In recent years, amniotic membranes have

been used as a biomaterial in orthopedics, and

biomaterials and have recently been used for
various clinical applications. The amnion
membrane is an extracellular tissue composed
of the placenta (the uterus plate) and the
mother (decida) [1]. The amnion membrane
has unique
inflammatory,

properties, including anti-

antibacterial, antiviral,
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their use has kept increasing. This is because
the amniotic membrane is affordable and
accessible. However, amnion availability in
the market is very
unbalanced supply and demand. In a recent
study, a
membrane (FAHAM) was developed.

limited because of

freeze-dried human amniotic
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The biological properties of FAHAM include
an anti-inflammatory effect, antibacterial and
antiviral effect, low antigenicity and non-
immunogenicity, anti-scarring
antiadhesive effect in wound healing,
angiogenesis and anti-angiogenesis properties
(surface dependent), an anticancer agent with
tumorigenicity, promotes
epithelialization, pain reliever, support cell
adhesion, and growth. Another source of
amnion can be found in bovine.

In recent years, amniotic membrane is
used as a biomaterial in the orthopaedic field
and its use is increasing. This is because it is
affordable and readily available. The problem
is that the availability of amnion in the market
is very limited due to the large number of
requests not proportional to the amount of
production. One source of amniotic membrane
other than human is from bovine. Bovine
amniotic membrane in sponge form is easier
to apply to several types of wounds, lasts
longer and can be used as an absorbent
dressing in productive chronic wounds.
Bovine amnion contains collagen which can
accelerate wound healing [3]. Amniotic
membrane is proven to be safe to use, but its
use is limited due to its sheet form. For easy
application, gelatin is added to the amniotic
membrane to produce a sponge shape known
as amniotic sponge [1].

Amniotic sponge is more easily applied to
several types of wounds, is more durable, and
can be used as an absorbent dressing for
productive chronic wounds [3-5]. Sponge
amnion is a pulverized amnion membrane

and

low

with a size of about 250 pm mixed with
gelatin as an adhesive material and processed
by freeze-drying method using
temperature. Amnion membrane converted
into a sponge shape is expected to make it

room

easier for doctors to use it more easily.
Amnion sponge is a biomaterial that is easily
available, affordable, and easy to apply [1].
From everything described above, in order
to evaluate the characteristics and determine
the quality of the bovine amnion. This study
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will discuss about the characteristics of
sponge thickness,
capacity, biomechanical

amnion based on
absorption

properties, and the quality of bovine amnion.
Materials and methods

This type of study is a laboratory
experimental study by giving three different
treatments to two different samples. The
research design used is a randomized post-
test-only design, where in this study, after the
treatment, a measurement (posttest) is given
to determine the treatment effect so that the
magnitude of the impact of the treatment can
be known. Female pregnant bovine should
belong to inclusion criteria, no specific bovine
breed was decided to become
criteria.

The amnion membranes were then deep-
freezed at -80 °C for at least 24 hours to make
freeze-dried amnion membranes (FD-AM).
The next step would be lyophilization
(Lyophizer Lyovoc GT2) of the amnion
membranes to a temperature of -40 °C to -50
°C that was carried out for 6-8 hours until the
amnion membrane water content was 6-7%.

The amnion membranes that had been
lyophilized were then cut to the desired size
and packed in three layers of polyethylene
plastic sealed with a vacuum sealer. This
process was carried out in a laminar airflow
cabinet for preparing the amnion sponge
preparations; the same steps were also
applied to the placenta tissue collection:
amnion membranes disinfection with 0.05%
NaOCl solution and washing the amnion
membranes with 0.9% NaCl until placing the

inclusion

stretched-out amnion on top of a sterile gauze.
sponge
membranes, the amnion was minced into
small pieces and ground with normal saline at
a ratio of 1:1 until the desired texture was

Amniotic made of amniotic

achieved. The mixture was then molded as
amnion sponge preparations and stored in a
deep freezer at -80°C for a minimum of 24
hours to make freeze dried amnion sponge
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before being lyophilized and, thus, packed in
three layers of polyethylene plastic.

There are three evaluations in each test:
thickness evaluation, absorption power
evaluation, and biomechanical property
evaluation. The study samples used were
freeze-dried bovine amnion sponge and
freeze-dried bovine amnion membrane. This
study was conducted at the Tissue and Cell
Bank Installation of Dr. Soetomo General
Hospital = Surabaya the
Metallurgical Engineering Laboratory of
Sepuluh Nopember Institute of Technology
from January 2023 to May 2023. The tools

Academic and

Chemistry Research

used in the tensile strength test were Hung
TA Model HT-2402, serial number T3Y0505,
and thickness test using Coating Thickness
Gauge.

Results

After the sample is given the treatment of 3
types of tests, the therapy results provide the
data output in the form of data. Here are the
data results of the tests that have been carried
out. The FD-AM and amnion sponge sample
can be seen in Figures 1 and 2.

FIGURE 1 Freeze dried amnion membrane

FIGURE 2 Amnion sponge
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Tensile strength test

The tensile strength test results of the freeze-
dried amnion sponge obtained in this study
are greater than those of the amnion
membrane. The bovine amnion membrane
has a tensile strength of 0.07£0.006 N/mm?,
while the freeze-dried bovine amnion sponge
has a tensile strength of 0.118+0.01 N/mm?2.
The elongation test also shows that the
freeze-dried bovine amnion sponge is more
elastic than the bovine amnion membrane.
The results obtained are 4.35+0.76% for the

KA. Akbar et al.

freeze-dried bovine amnion membrane and
10.50£0.39%
amnion sponge, as presented in Table 1.

The analytical study was initially tested for
normality; the result is normally distributed
with a p-value of more than 0.05, as indicated
in Table 2. The independent T-test obtained a
significant difference between the tensile
strength of the freeze-dried bovine amnion
sponge and freeze-dried bovine amnion
with  statistically significant

for the freeze-dried bovine

membrane
(p=0.001).

TABLE 1 Tensile strength bovine freeze dried amnion membrane and bovine amnion sponge

size 50 mm x 5 mm

Yield Tensile daig ]
Area Max Force Modulus Elongation
Sample Strength strength
(mm?) ) (N/mm?2) (N/mm?2) (E) %
(N/mm?)
Amnion 14 e, 008 1515007 0024+001 0070006 3.71+043 435076
Membrane
“gg\'}’i’;’: 41.94+048 495+032 0201+026 0118+0.01 1.47+0.01 10.50 +0.39

TABLE 2 Normality test of bovine amnion sponge and bovine amnion membrane tensile

strength

Sample

Saphiro-Wilk (p) Test Result

Freeze-dried Bovine Amnion Membrane
Freeze-dried Bovine Amnion Sponge

0.084
0.106

Absorbability Test

In the absorption power test results, it was
found that the freeze-dried bovine amnion
sponge had an average absorption power of
0.84+0.09 (1004+122%), and the freeze-dried
bovine amnion membrane had an absorption
power of 0.80+0.11 (806+x118%) (Figure 3).
These results show that freeze-dried bovine
amnion sponge has a higher absorption
capacity than freeze-dried bovine amnion

membrane. This can be caused by amnion,
which is processed into a sponge with a
cavity.

The normality study was tested first, and
the result is normally distributed with a p-
value of more than 0.05 (Table 3). The
independent T-test obtained a difference
between the absorbability of the freeze-dried
bovine amnion sponge and freeze-dried
bovine amnion membrane but not statistically
significance (p= 0.442).
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FIGURE 3 Absorption of bovine amniotic sponge and bovine amniotic membrane

TABLE 3 Normality test of bovine amnion sponge and bovine amnion membrane absorbability

Saphiro-Wilk (p) Test

Sample Treatment Result
Bovine Amnion Before soaking 0.200
Membrane After soaking 0.098
Bovine Amnion Sponge Before soaking 0.200
After soaking 0.200

Thickness Test

The thickness test examination was carried
out with coating thickness gauge at the top,
middle, and bottom points. Those were then
calculated as the average thickness of each
composition variation. Figure 4 depicts the
average thickness of the bovine amnion
membrane at 0.30+£0.01 and the thickness of
the bovine amnion sponge at 0.61+0.26.
These results show that the thickness of the

amnion membrane is more homogeneous
than that of the freeze-dried bovine amnion

sponge.
The analytical study was initially tested for
normality; the result was normally

distributed with a p-value of more than 0.05
(Table 4). The independent T-test obtained a
significant difference between the thickness
test freeze-dried bovine amnion sponge and
freeze-dried bovine amnion membrane with
statically significant (p=0.001).

Thickness (mm)

1.20

1.00

0.80

0.6

o

0.4

(=]

0.2

(=]

0.00

H Amnion Sponge

1 2 3 4 5 6 7 8 9 10 11 12

® Amnion Membrane

FIGURE 4 Thickness of bovine amnion sponge and bovine amnion membrane
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TABLE 4 Normality test of bovine amnion sponge and bovine amnion membrane thickness

Saphiro-Wilk (p) Test

e Result
Freeze-dried Bovine 0.434
Amnion Membrane
Freeze-dried Bovine 0.575

Amnion Sponge

Discussion

Amnion can be sourced from humans or
bovines (cows). However, human amnion is
currently limited, as the number of human
donors is less than the demand. Therefore, a
bovine-derived amnion was created as a
solution to this problem. Amnion derived
from bovine has the potential to be a solution
because the production process can be more
efficient, and ethical issues are not a problem
in its production [3,6].

One of the requirements of an ideal wound
dressing is to protect the wound from
external friction and trauma. This study
tested the physical properties of freeze-dried
bovine amnion membrane and freeze-dried
amnion sponge. The results showed that the
thickness of the freeze-dried amnion sponge
was more heterogeneous than the freeze-
dried amnion membrane. This can occur
because when the freeze-dried amnion
sponge is prepared, the washing process is
soaked in sodium hypochlorite 0.05% for 10
minutes, and then the freeze-dried amnion
sponge is inserted into the water bath shaker,
which has been filled with
physiological NaCl. Freeze-dried amnion
Sponge that has been washed, blended, and

sterile

placed on sterile gauze with the chorion side
facing the gauze, and then cut according to
the desired size. This process is carried out in
a "laminar airflow cabinet". Amnion Sponge
is placed in a sterile tray and stored in a deep
freezer for 24 hours before freeze-drying [7].
This can cause the thickness of the amnion
sponge to be heterogeneous. This study also
measured the physical
characteristics of the bovine freeze-dried
amnion sponge and freeze-dried bovine

and mechanical

amnion membrane using tensile testing. The
results were the tensile strength of bovine
amnion membrane samples up to 0.078-0.092
MPa and freeze-dried amnion sponge ranging
from 0.095-0.105 MPa. This indicates that the
mechanical strength of a freeze-dried bovine
amnion sponge is better than that of a bovine
amnion membrane. Tensile strength is
defined as the breaking strength of a material
divided by its cross-sectional area, and it is
the most accurate physiological measure to
assess the ability of a wound dressing to
withstand tension [6,8].

This study shows that the freeze-dried
bovine amnion sponge has an absorbency of
1004+£122%. In contrast, the bovine amnion
membrane has 806+118% absorbency. Based
on these results, freeze-dried bovine amnion
sponge has better absorption
properties than bovine amnion membrane.
The hollow structure of freeze-dried amnion
sponge can also increase absorption. Good
absorption will minimize fluid, blood, or pus
that can become a breeding ground for
microorganisms [9,10].

The study conducted by Yang et al. showed
that wound dressings using human-derived
amnion sponges have been developed to

water

accelerate diabetic wound healing. This study
also found that Amnion Sponge has better
absorption power because the hollow scaffold
improves blood coagulation and swelling.
This study shows that dressings using amnion
sponges have better biocompatibility and air
permeability, absorbency, and mechanical
properties [11].

Thickness is associated with the structural
strength of a material. One structural aspect
that we can study here is the arrangement of
collagen fibers in tissue. Two features of
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collagen fibrils and fibers in tissue are the
wavy fibers and the number of orientations or
alignments of the fibrils. This is in line with
the research conducted by Hannah C. Wells et
al, who mentioned that the nature of bovine
amnion, which has wavy fibers, is a vital
property found in highly elastic tissues. This
structure is caused by fibrillar collagen.
Fibers in the amnion are more numerous than
in the dermis but may not be as numerous as
in the pericardium [12,13].

Preserved preparations of amniotic grafts,
such as freeze-dried amnion membrane and
amnion sponge, exhibit reduced levels of
growth factors compared to fresh amnion
grafts. Suroto et al. identified lower levels of
TGF-B and b-FGF in the amnion sponge
compared to the amnion membrane,
indicating an inevitable decline in growth
factors in preserved grafts.
However, it is to note that a
statistically significant decrease in growth
factor levels does not necessarily render the
grafts unsuitable for clinical use. Despite
having lower growth factor levels, preserved
amniotic grafts have demonstrated clinical
potency comparable to non-preserved
amnion membranes in various studies [7].

Both bovine amnion membrane and
bovine amnion sponge exhibit favorable
safety profiles. With its superior porosity and
larger cavity, the bovine amnion sponge
proves more conducive to cell proliferation.
Nonetheless, further investigation is
warranted to explore the preservation
capability of the bovine amnion sponge,
particularly concerning moisture content
levels exceeding 10% [14,15].

amniotic
crucial

Conclusion

The Bovine Amnion Sponge group was better
at absorption test, elongation and tensile
strength tests. While Freeze Dried Amnion
Membrane group was better at the thickness
test.
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Limitations

This study was limited by minimal total
sample and short period.
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