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Abstract

Coral is considered useful for scaffold formation because of its osteoconductivity,
biocompatibility, and good resorption properties. To further facilitate the optimal clinical application
in oral surgery, Goniopora species coral powder has been formulated into an appropriate semi solid
composite scaffold to fulfill pharmaceutical safety, efficacy, and quality requirements. The aim of
this study was to analyze the morphological structure of goniopora coral powder and its compaosite
scaffolds. Composite bone graft was formulated by mixing Goniopora sp. coral powder with a
sterile semisolid base made of excipient mixture (polyvinylpyrrolidone and poloxamer 188, 1:1). The
prepared coral raw material, coral powder, and its composite scaffold were observed under a
scanning electron microscope (SEM), and the morphological structures of Goniopora sp. coral
powder and its composite scaffold were analyzed by micro-computed tomography (O-CT).

SEM observations of Goniopora sp. raw material, coral powder particles, and its composite
scaffold revealed a good mineral phase distribution network. The histogram of the gray scale index
of OCTscan revealed the sampleds composi tdensitp. THe
mixture of the coral powder and the sterile semisolid base increased the resultant powder particle
density and formed a composite coral scaffold, suggesting the suitability of the excipient mixture as
an adhesive agent.
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Introduction substitutes are derived from the hard coral type °.
Some studies suggest that biomaterials used as
The gold standard for improving bone scaffolds possess at least osteoconductive
defects through oral and orocraniofacial surgery properties and, sometimes, osteoinductive
has been autologous bone grafts.'? Corals, as properties.”®® Coral may improve bone
bone-graft candidates, have been studied under regeneration because it does not stimulate
in different pre-clinical studies.®>* Demers et al. inflammatory infiltration or fibrous
reported that studies on the natural coral graft encapsulation.™
were started in the early 1970 in animals and in A past in vitro study reported demineralized,
1979 in humans.® freeze-dried bone (DFDB) and biocoral can also
Corals are marine invertebrates, and they be aligned with the results, as DFDB has been
are morphologically and chemically close to the unable to eliminate the risk of disease
mineral cancellous bone. Also known as the transmission. Therefore, biocoral is the
Madreporaria skeleton, corals used as bone recommended biomaterial for grafts."* Studies
comparing guided-tissue regeneration with a
graft using calcium carbonate revealed that both
N these 12materials _exerted osteoconductive
Do of Gl ) sl Sy effects.”™ Other studies have reported that the
Faculty of Dentistry, Universitas Indonesia role of a coral graft is not Only to provide
Jakarta 10430, Indonesia mechanical support but also to contribute to
E-mail: drgverajuliaspbm@gmail.com biodegradation.”® Coral research was developed
by incorporating other materials, such as
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composites, or by adding stem cells at the time of
application to improve its role.>** Other studies
have also reported that the interaction between
osteogenesis and angiogenesis in a biomaterial
complex consists of biocoral, extracellular matrix
(ECM) incorporation, and differentiated cells.™

In Indonesia, research on coral as a
bone-graft material has indicated that it is a
suitable option for bone regeneration.’
Indonesian coral is expected to meet public
needs at an affordable price; the raw material
can be processed domestically  into
pharmaceutical-grade raw materials.** Using
corals in large quantities is controversial because
it would involve destruction of the coral reefs.
Therefore, in-depth research on coral cultivation
is needed. We selected semisolid coral
preparations derived from the Goniopora sp.
because it is readily available in Indonesia.™

The interest in this topic is also
highlighted in previous articles*”*® confirming
that Goniopora sp. powder is suitable for use as
a scaffold. After thorough testing, the coral
powder can be formulated by adding suitable
pharmaceutical excipients during bone-graft
preparation that meets the safety, efficacy, and
guality parameters. In addition, it is compliant
with on Halal Product Warranty, which refers to
the compliance with the halal requirements in the
selection of all raw materials and processes
undertaken  for  bone-graft  preparation.'’
Formulating Goniopora sp. powder patrticle into a
semisolid preparation is expected to increase the
guantity of dosage. It can be used in a single
application as well as to facilitate application,
enabling fabrication and commercialization.™®
Considering the Goniopora sp.powder p
physicochemical characteristics and
administration routes, the water-based sterile
semisolid is a suitable preparation. It requires the
following excipient components: water as
dispersants, suspending agents, and exposure
agents to adjust the pH. The resulting
preparation must meet safety, benefit, quality,
and halal requirements. It must also be feasible
to test it in an in vivo osteoconductivity test
system. If the result is positive, the compound
can be processed and used in clinical trials.***

We selected Goniopora sp. coral powder
as a scaffold material after preparing a 200-mesh
powder and a semisolid Goniopora coral
preparation, referred to as a Goniopora sp.
composite scaffold. Researchers compared and
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analyzed Goniopora sp. coralpowder and its
composite scaffold using SEM and O-CT.

Materials and methods

Scaffold Samples. In this study, dead
Goniopora sp. corals were collected from a
cultivation plant originating in the Java Sea,
followed by identification of The Indonesian Coral
Reef Foundation. The corals were cut into pieces,
washed at 6 0AC, processed
200-mesh, and then sterilized with 25-Kgy
gamma-ray radiation in the National Atomic
Energy Agency (BATAN).

Formulation Technique. Formulating
Goniopora sp. coral powder into the coral
preparations requires addition of excipient
mixture (polyvinylpyrrolidone: poloxamer 188 =
1:1). A sterile semisolid base of this excipient
meeting parenteral preparation requirements was
found to be most appropriate. In this approach,
the semisolid parenteral preparation will serve as
the basis for developing the desired preparations.
The excipient composition required for the
preparation included a carrier and pH adjusters
for the preparation of an isohydric formulation.

Scanning Electron Microscope (SEM).
SEM images were obtained using the JEOL
JSM-6360LV Scanning Electron Microscope
using Accel 15 kV, with several different
magnifications (X25, 75, 750, 10000).

Micro-CT Scan Analysis. The samples
were scanned using the Bruker Micro-CT
SkyScan 1173 (Bruker Micro-CT, Belgium) using
a source voltage of 55 kV, source current of 90
OA, rotation step of 0.2A

ams,jctamera binning lefof 1 T
1.0-mm thickness. The scanning process
produced a set of projection images in the form
of16-bit TIFF with a pixel S
To reduce the ring artifact effect and random
noise, a random movement of 10 and a frame
averaging of 10 were applied. The scan duration
was 02:02:45. The projection images were then
reconstructed using NRecon software (Bruker
Micro-CT, Belgium) with a ring artifact correction
of 5 and a beam hardening correction of 20% to
enhance the quality of the reconstructed images.

The reconstructed 8-bit grayscale BMP images
contain the samples &ensity information. The
reconstructed images were then processed with
a simple color-coding to augment the visibility of
different sample components. The quantitative
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sample analysis was performed by calculating
the volume fraction (percent of structure volume
[BV] relative to the tissue volume [TV], within a
defined volume of interest [VOI]), specific surface
(ratio of the structure surface [BS] to BV; which is
commonly used in characterizing the complexity
of structures), and average of structure thickness
(mean thickness of individual structure within a
VOI) of the distinguished components.

Results

SEM Images.

The SEM images of Goniopora sp. coral
raw material, Goniopora sp. coral powder
particles, and Goniopora sp. coral composite
scaffold revealed a network with good mineral
phase distribution in all 3 materials. The matrix
microporosity was detected in Goniopora sp.
coral composite scaffold. Figure 1 shows the raw
material of Goniopora sp. coral with different
magnification and aspect showed small porous ~_
with good interconectivity. The SEM results (d)
confirmed the microporosity of coral Goniopora ] ] ]
before it was processed into Goniopora sp. coral Figure 1. Raw material of Goniopora Coral (a)

powder particle and composite. axial slice with 25T magni
with 751 magni ficati on,
magni ficati on, (d) and

magnification.

Figure 2 shows the microstructure of coral
goniopora powder in different magnification with
750x and 10.000x. As shown in Figure 2a, one
particle of coral goniopora with the farthest
diameter of 97 um still has porosity. After 270000x
magnification, it is clearly seen that the
microporous structures are interconnected, as
shown in Figure 2b. Figure 3 shows the condition
of coral composite, which has been formulated
from coral powder with excipient addition. Figure
3a with a 25x magnification, shows that the
surface of the composite coral scaffold is still
microporous. With a 1000x magnification as
shown in Figure 3b, there is still a microporous
surface structure from composite coral scaffold.

Micro-CT Scan.

Figure 4 depicts the reconstructed sample
images. The reconstruction process generated a
set of 2D vertical slices of the complete 3D
structure.  DataViewer  (Bruker  Micro-CT,
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Belgium) was used to assign a color code,
enhancingthecomponent s6 vi g,ibbi | i
e, f). The 3D visual was generated using CTVox
(Bruker Micro-CT, Belgium) to observe the
sample qualitatively (Figure 4c, d).

The sample components were
categorized based on their density, which was
related to the assigned color code. The grayscale
index number of 07 60 was assigned to the inter-
grain pore space. The grayscale index number of
6171 93 were assigned to particle powder with
large inter-pore volume, which were observed as

low-density solids. The grayscale index number (b
of 941136 were assigned to the particle powder Figure 2. (a) Coral Goniopora sp. powder with
with moderate inter-pore volume, which are 7501 magni ficati on and (

observed as medium-density solids. The magnification.

grayscale index number of 1371255 were

assigned to the particle powder with low inter- o N
pore volume, which was observed as high-
density  solids. Each  component was
distinguished from the other by applying a binary-
thresholding system based on the assigned
grayscale index.

The histogram of the grayscale index from
each sample is depicted in Figure 5. The
hi stogram revealed the
terms of t he ¢ owensity ahich s
is expressed as a grayscale index of an 8-bit
image. The histogram shows the mixture of coral
powder and excipient increases the powder
particle density.

The data in Table 1 shows that the
amount of excipient filling the powder particle
inter-pore increases with the density range.
Adding an excipient was also considered
successful as an adhesive agent, as indicated by
the greatly reduced pore surface area

{Sﬂ'f:r = SfPr.r]. These findings indicate that the
pore space between the powder particles was
filled with the adhesive excipient.

(b)

Figure 3. (a) Coral Goniopora sp. composite scaffold

wi t h 251 magni ficati on and
magnification.
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