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RINGKASAN

BOVIN HIDROKSIAPATIT, GELATIN DAN ALENDRONAT SEBAGAI
SCAFFOLD DALAM AKSELERASI PENYEMBUHAN DEFEK TULANG

Samirah

Seaffold digunakan untuk mempercepat regenerasi defek tulang dan
mempercepat penyembuhan tulang yang mengalami cedera. Regenerasi tulang
dimulai dari perekrutan, perlekatan dan proliferasi sel progenitor yang diikuti
diferensiasi sel yang sesuai sehingga mampu memulibkan jaringan yang rusak.
Golden standard penanganan terjadinya defek tulang adalah autograf, tetapi
penggunaannya sangat terbatas sehingga digunakan scaffold. Scaffold yang
digunakan terbuat dari bovin hidroksiapatit (BHA) dan gelatin (GEL) yang
mengandung bahan aktif alendronat. Komposit bovin hidroksiapatit (BHA) dan
gelatin (GEL) merupakan alternatif yang baik sebagai scaffold karena menyatukan
sifat osteokonduktif dari BHA dan elastisitas dari GEL dan menyesuaikan dengan
komposisi tulang. Alendronat digunakan untuk meningkatkan formasi tulang,
menstimulasi  diferensiasi dan maturasi dari osteoblas. Penelitian terbaru
menunjukkan bahwa alendronat meningkatkan osteogenesis dari osteoblas,
ekspresi dari marker osteogenik yaitu BMP2, kolagen tipe 1, osteokalsin,
osteopontin dan alkali fosfatase.

Tujuan dari penelitian ini yaitu pengembangan secaffold BHA-GEL-ALE
yang mampu berfungsi sebagai scaffold pada defek tulang yang memiliki komposisi
mirip dengan tulang manusia dan mampu meningkatkan formasi tulang
menyebabkan akselerasi penyembuhan defek tulang.

Pada penelitian ini scaffold dibuat dari BHA-GEL yang ditambahkan
alendronat dengan kadar sebesar 0,1%, 0,5% dan 1,0% sehingga terbentuk granul.
Granul kering direndam dalam glutaraldehid sebagai crosslink agent lalu dibentuk
pelet silinder dengan ukuran diameter 4mm. Selanjutnya dilakukan karakterisasi
fisiko kimia sebagai scaffold yang baik meliputi melalui uji ikatan kimia dengan
spektroskopi Fourier Transformed Infrared (FTIR), uji morfologi permukaan
dengan Scanning Electron Microscope (SEM), Uji compressive strength untuk
mengetahui kekuatan mekanik dari scaffold, uji sitotoksisitas dengan [3-(4,3-
dimethylthiazol-2-yl)-2, 5-diphenyitetrazolium bromide] (MTT), uji porositas,
densitas, uji sweling serta uji degradasi dari scaffold.

Penyembuhan defek tulang pada penggunaan lokal scaffold alendronat pada
penelitian ini dilakukan implantasi pada hewan coba kelinci. Implantasi dilakukan
pada 60 ckor kelinci pada minggu ke 2, 4 dan 8 yang terbagi menjadi 5 kelompok
yaitu kelompok kontrol negatif, kelompok BHA-GEL, kelompok ALE 0,1%
kelompok ALE 0,5% dan ALE 1,0%. Analisis akselerasi penyembuhan defek
tulang melalui evaluasi pertumbuhan kalus dengan pengamatan radiologi x ray,
histopatologi dengan pewarnaan Hematoksilin Eosin (HE) untuk osteoblas,
osteoklas dan osteosit. Dilakukan juga analisis marker bone — alkali fosfatase
(BALP), osteokalsin dan Bone Morfogenetic Protein (BMP 2).




Berdasarkan hasil karakterisasi fisikokimia meliputi uji perubahan gugus
fungsi, uji morfologi permukaan, uji porositas dan densitas, uji compressive
~ strength, uji sitotoksisitas, uji sweeling dan degradasi dari scaffold BHA-GEL-ALE
dengan kadar alendronat 0,1%, 0,5% dan 1,0% menunjukkan bahwa semua scaffold
- yang dibuat dapat berfungsi sebagai scaffold yang baik pada defek tulang. Analisis
akselerasi penyembuhan defek tulang pada penggunaan scaffold dapat
meningkatkan jumlah osteoblas, osteosit pada semua kelompok minggu ke 2, 4 dan
£. Matriks tulang baru mengalami peningkatan pada semua kelompok secara tidak
bermakna minggu ke 2, 4 dan 8. Jumlah Osteoklas mengalami peningkatan pada
kelompok BHA-GEL dan ALE 0,1% minggu ke 2 dan 4. Untuk kadar BALP
mengalami peningkatan pada kelompok BHA-GEL dan ALE 0,1% minggu ke 2.
Peningkatan kadar osteokalsin terjadi pada semua kelompok minggu ke 8
sedangkan kadar BMP2 mengalami peningkatan pada kelompok BHA-GEL dan
ALE 0,1% minggu ke 2 dan 4.

Mekanisme penyembuhan defek tulang dengan penggunaan scaffold BHA-
GEL-ALE melalui 2 jalur yaitu peningkatan kadar BMP2 diikuti dengan
peningkatan jumlah sel osteoblas, peningkatan jumlah sel osteosit yang
. menyebabkan peningkatan matriks tulang baru. Jalur berikutnya yaitu peningkatan
BMP2 diikuti dengan peningkatan jumlah sel osteoblas, peningkatan kadar
‘esteokalsin dan peningkatan jumlah sel osteosit yang menyebabkan peningkatan
- matriks tulang baru.

Kesimpulan penelitian ini menunjukkan bahwa scaffold BHA-GEL-ALE
menghasilkan akselerasi penyembuhan defek tulang dengan scaffold yang terbaik
yaitu ALE 0,1%.

Saran dari penelitian ini, direkomendasikan scaffold BHA-GEL-ALE
dengan kadar 0,1% merupakan komposit yang terbaik yang nantinya diharapkan
dapat diaplikasikan secara klinis pada manusia. Dipertukan penelitian translasional
dengan marker dan parameter yang berkorelasi antara hasil pra klinik ini dengan
parameter pada tataran klinik terhadap bone healing.
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SUMMARY

Bovine Hydroxyapatite, Gelatin and Alendronate as Scaffold in The
Acceleration of Bone Defect Healing

Samirah

A scaffold is a biomaterial used to accelerate the regeneration and healing
of injured bones such as bone defects. The regeneration of bone tissue starts from
the recruitment, attachment, and proliferation of the progenitor cells, continued by
appropriate cell differentiations, thus being able to recover the injured tissues. The
golden standard of bone defect management is an autograft. However, a scaffold is
used instead of an autograft due to its limited use. The applied scaffold is composed
of bovine hydroxyapatite (BHA) and gelatin (GEL) containing alendronate. A
composite of BHA and GEL is an excellent scaffold alternative because it combines
the osteoconductivity of BHA and the elasticity of GEL as well as is compatible
with the bones’ composition. Alendronate serves to increase bone formation,
stimulate the differentiation and the maturation of osteoblasts. Recent studies have
shown that alendronate increases the osteogenesis of osteoblasts and the expression
of osteogenic markers such as BMP2, type-1 collagen, osteocalcin, osteopontin, and
alkaline phosphatase.

The aim of this study was to construct the BHA-GEL-ALE bone scaffold
having an ability of a scaffold with a composition similar to the one in the human
bones. Consequently, the scaffold is expected to cause the acceleration of bone
defects.

In the study, the scaffold was made of a composite of BHA-GEL added with
alendronate with concentrations of 0.1%, 0.5%, and 1.0% to form granules. The dry
granules were immersed in glutaraldehyde as a crosslink agent and then compressed
with a diameter of 4mm. The physicochemical characteristics tests of the scaffold
- were conducted. The chemical bonding was examined with Fourier Transformed
. Infrared (FTIR) spectroscopy, surface morphology was examined with Scanning
- Electron Microscope (SEM), hardness was examined with an autograph, and the

. cytotoxicity ~ was  examined  with [3-(4,5-dimethylthiazol-2-yl)-2,5-
~ diphenyltetrazolium bromide] (MTT). We also conducted porosity, density,
. sweling, degradation tests of the scaffold.

The healing of the bone defects in the local use of alendronate scaffold in
the study was by implanting the scaffold in the rabbits serving as the animal models.
- The implantation was performed in 60 rabbits divided into five groups: the negative
control, BHA-GEL, ALE 0.1%, ALE 0.5%, and ALE 1.0%. The analysis of the
acceleration of the bone defects was carried out by evaluating the callus growth
with X-Ray radiography, the histopathology with Hematoxylin-eosin (HE) staining
for osteoblasts, osteoclasts, and osteocytes. Bone marker analysis was also
conducted by using alkaline phosphatase (BALP), osteocalcin, and Bone
Morphogenetic Protein 2 (BMP-2).

Based on the scaffold characterization test, including the test for functional
groups, the tests of surface morphology, porosity and density, compressive strength,
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cytotoxicity, swelling, and degradation of the BHA-GEL-ALE scaffold with 0.1%,
0.5%, and 1.0% of alendronate; it was shown that all scaffolds that were made
served as good scaffolds for the bone defects. The analysis of the acceleration of
the bone defects in scaffold use demonstrated that it increased the number of
osteoblasts and osteocytes in all groups in weeks 2, 4, and 8. New bone matrix in
all group increased insignificantly in weeks 2, 4, and 8. The number of osteoclasts
in groups of BHA-GEL and ALE 0.1% increased in weeks 2 and 4. The BALP level
in the groups of BHA-GEL and ALE 0.1% increased in week 2. The increase of
osteocalcin level occurred in all groups in week 8 while the increase of BMP2 level
in the groups of BHA-GEL and ALE 0.1% occurred in weeks 2 and 4.

The mechanism of using BHA-GEL-ALE scaffold in healing the bone
defects occurred in 2 pathways. The first pathway was the increase of BMP2 level,
followed by the increasing number of osteoblast cells and osteocyte cells triggering
the increase of new bone matrix. The second pathway was the increase of BMP2
level, continued by the increase of the number of osteoblast cells, osteocalcin level,
and the number of osteocyte cells resulting in new bone matrix increase.

In conclusion, this study showed that the BHA-GEL-ALE scaffold resulted
in the acceleration of the healing of bone defects with the best scaffold of ALE
0.1%.

This study suggests that the BHA-GEL-ALE scaffold with a concentration
of 0.1% is recommended as it was the best composite. It is expected to be clinically
applied to humans. A translational research with markers and parameters
correlating the results of this preclinical study with the parameters of the clinical
study on bone healing is required.
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ABSTRACT

Bovine Hydroxyapatite, Gelatin and Alendronate as Scaffold in The
Acceleration of Bone Defect Healing

Samirah

The treatment of bone defects is still a challenging problem in the
orthopedics field. Autograph is the gold standard of bone defect treatment.
However, the bone that is used as a scaffold in this procedure is limited. Bovine
hydroxyapatite (BHA) and gelatin (GEL) composites are osteoconductive
biomaterials suitable as bone scaffolds. In addition, alendronate can be added to
these composites to increase osteogenesis from osteoblasts and the expression of
osteogenic markers.

The scaffold was made of a composite of BHA-GEL added with alendronate
with 0,1%, 0,5%, and 1% concentration and were formed as cylindrical pellets. The
characteristics of the pellets were tested as physicochemical characteristics.
Furthermore, in vivo test was carried out using 60 rabbits to test the healing
mechanism of bone defects. The rabbits were divided into five groups: the control
group, the BHA-GEL group, the ALE 0,1% group, the ALE 0,5% group, and the
ALE 1% group. Each group was sacrificed in the second, fourth, and eighth weeks.
The analysis of the acceleration of the bone defects was carried out by evaluating
the callus growth with X-Ray radiography, the histopathology with Hematoxylin-
cosin (HE) staining for osteoblasts, osteoclasts, and osteocytes. Bone marker
analysis was also conducted by using alkaline phosphatase (BALP), osteocalcin,
and Bone Morphogenetic Protein 2 (BMP-2).

Based on the scaffold characterization test, it was shown that all scaffolds

_ that were made served as good scatfolds for the bone defects. The analysis of the

acceleration of the bone defects in scaffold use demonstrated that it increased the

- number of osteoblasts and osteocytes in all groups in weeks 2, 4, and 8. New bone
‘matrix in all group increased insignificantly in weeks 2, 4, and 8. The number of

osteoclasts in groups of BHA-GEL and ALE 0.1% increased in weeks 2 and 4. The
BALP level in the groups of BHA-GEL and ALE 0.1% increased in week 2. The

increase of osteocalcin level occurred in all groups in week 8 while the increase of
- BMP2 level in the groups of BHA-GEL and ALE 0.1% occurred in weeks 2 and 4.

The mechanism of using BHA-GEL-ALE scaffold in healing the bone

~ defects occurred in 2 pathways. The first pathway was the increase of BMP2 level,
_ followed by the increasing number of osteoblast cells and osteocyte cells triggering
~ the increase of new bone matrix. The second pathway was the increase of BMP2

level, continued by the increase of the number of osteoblast cells, osteocalcin level,
and the number of osteocyte cells resulting in new bone matrix increase. The BHA-

 GEL-ALE scaffold resulted in the acceleration of the healing of bone defects with
the best scaffold of ALE 0.1%.

- Kevwords: bone defect, bovine hydroxyapatite, gelatin, alendronate, scaffold
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