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BOVIN HIDROKSIAPATIT, GEL,\TIN DAN ALENDRONAT SEBAGAI
SCAFFOLD DALAM AKSELERASI PENYE}IBUHAN DEFEK TULAN"G

Somi'cth

Scafold digurakan untuk mempercepat regenerasi defck tulang dan
mempercepat penyembuhan tulang yang mengalami cedera- Regenerasi tulang
dimulai dari perekrutaq perlekatan dan proliferasi sel progenitor yang diikuti
diferensiasi sel yang sesuai sehiogga mampu mcmulihkan jaringan yang rusak.
Golden standard penanganan terjadinya defek tulang adalah autograf, tctapi
pcnggun&mnya sangat tcrbatas sehingga digunakan scafiold. Scafold yzng
digunakan terbuat dari bovin hidroksiapatit (BllA) da! gelatin (GEL) yarg
nrengandung bahan aktif alcndronat. Komposit bovin hidroksiapatit (B[IA) dan
gclatin (GEL) mcrupakan altcmati f yang baik sebagai scaffold karcna menyatukan
sifat osteokonduktif dari BHA dan elastisitas dari GEL dan menyesuaikan dengan
komposisi tulang. Alendronat digunakan untuk mcningkatkan formasi tulang,
mens(imulasi diferensiasi dan maturasi dari osteoblas. Pcnelitian terbaru
menunjukkan bahwa alendronat meningkatkan osteogenesis dari osteoblas,
ekspresi dari mattcr osteogcnik yaitu BMP2, kolagen tipe l, osteokalsin,
ostcopontin dan alkali fosfatasc.

Tujuan dari penelitian ini yaitu pengembangan scafiold BHA-CEL-ALE
yang mampu bcrfungsi sebagaisca-fo/d pada defek rulang yang memiliki komposisi
mirip d€ngan tulang manusia dan mampu meningkatkan formasi tulang
mcnyebabkan akselerasi penyembuhan defek tulang.

Pada pcnclitian ini scafold dibuat dari BHA-GEL yang ditambahkan
alcndronat dcngan kadar scbcsar 0,1%. 0.5% dan 1,0% schiogga tcrbenurk granul.
Granul kcring dtcndam dalam gluraraldchid scbagai cross/rzt agent lalu dibcnhrk
p€let silindcr dcngan ukuran diameter 4mm. Selanjutnya dilakukan karaktcrisasi
fisiko kimia sebagzi scatold yang baik meliputi melalui uji ikatan kimia dengan
spektroskopi Fouier Translormed h{rared (FTIR), uji morfologi pcrmukaan
dengan Scarring Electron Microscope (SEM), Uji compressive rrrszgr, untuk
mengetahui kekuatan mekanik dai scaffold, uji sitotoksisitss dengan [3-(1,5-
dinctlrylrhiazol-2-yl)-2,5-diphenyltetazolium bromidel (MTT), uji porositas,
densitas, uji .nve/izg scrta uji degradasi dari scaffold.

Payernbuhan defck tulang pada pcnggun aaa lokal smfold alcndmnat pada
penelitian ini dilakukan implantasi pada hcwan coba kelinci. Implantasi dilakukan
pada 60 d<or kclinci pada minggu ke 2, 4 dan 8 yang terbsti menjadi 5 kelompok
yaitu kelompok kontrol negatif, kclompok BHA-GEL, kelompok ALE 0,1%
kclompok ALE 0,5% dan ALE I,0%. Analisis aksclerssi penycmbuhan defck
mlang melalui evaluasi pertumbuhan kalus dengan pcngamatan radiologi x ray,
bistopatologi dcngan pewamaan Hematoksilin Eosin (HE) untuk ostcoblas,
cteoklas dan ostcosit. Dilalokan juga analisis ma:,tcr bone - alkali fosfatase
@ALP), osteokalsin dat Bone Morlogenetic Protein (BMP 2)-
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B€rdasarkan hasil karakterisasi fisikokimia meliputi uji perubahan gugus

fragsi, uji morfologi pcrmukaan, uji porositas dan densitaa uji cotupressive
,uar8t , uji sitotoksisitas. ujisxre/iag dan dcgradasi dari stz;p/.i BHA-GEL-ALE
&gan kada, alendronat 0,170, 0,5% dan 1,0% menunjukkan bahwa semua sca;fold

Fag dibuat dapat berfungsi scbagai sca;pld yang baik pada defck tulang. Analisis
rtsclarasi pcnycmbuhan dcfck tulang pada pcnggunaan scollold dapat
mingka&an junlah osteoblas, osteosit pada scmua kclompok rninggu ke 2, 4 dan

t. Matriks tulang bam mengalami peningkatan pada semua kelompok secara tidak
btrmekra minggu ke 2. 4 dan 8. Jumlah Ostcoklas mengalami peningkatan pada

kclompok BHA-CEL dan ALE 0,1% minggu kc 2 dan 4. Untuk kadar BALP
tncngalami peningkatan pada kelompok BHA-GEL dan ALE 0,1% minggu ke 2.
Pcaingkatan kadar osteokalsin terjadi pada scmua kelompok minggu kc 8

scdangkan kadar BMP2 mengalami peningkatan pada kelompok BHA-GEL dan
ALE 0,1% minggu ke 2 dan 4.

Mekanisme penyembuhan defck nrlang dengan penggunaan scafold BHA-
GL-ALE mclalui 2 jalur yaitu peningkatan kadar BMP2 diikuti dengan

jumlah sel osteoblas, pcningkatan jumlah scl osrcosit yang
pcningkatan matriks tulang baru- Jalur berikutnya yaitu peninSkstsn

diikuti dengan peningkata-o jumlah sel osteoblas, p€ningkatan kadar
dan pcningkatan jumlah sel ostcosit yang menyebabkan pcningkatan

tulang baru.
Kcsimpulan penelitian ird menunjukkan bahwa scaffold BHA-GEL-ALE

Eghasilkan akselerasi penyembuhan defck tulang dergan Jcolfold yang terbaik

Fitu ALE 0,1%.
Saran dari penclitian ini, direkomcndasikan scafiold BHA-GEL-ALE

dagan kadar 0,1% merupakan komposit yang tcrbaik yang nantinya diharapkan
&pat diaplikasikan secara klinis pada manusia. Dipcrlukan pcnelitian translasional
&gan marker dan paramctcr yarg berkorelasi antara hasil pra klinik ini dengan
g:rametcr pada tararan klinik terhadap ,one healing.
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SU}I}IARY

Bovine llydroxyapatite, Gelatir and Alerdronate as Scallold ln The

Accel.retion of Bone Defmt Healing

Santiralt

A scaffold is a biomaterial used to accelcrate the regcncmtion and hcaling
of injured bones such as bone defects. The regeneration of bone tissue sarts from
th€ recruitment, attachment, and proliferation of the progcnitor cells, continued by
appropriate cell differcntiations, thus bcing able to recover thc injured tissues. The
goldcn standard ofbone defect management is an autograft. Howcver, a scaffold is
uscd instcad ofan autograft due to its limitcd use. Thc applicd scaffold is composed
of bovine hydrcxyapatite (BHA) and gelatin (GEL) containing alcndrcnatc. A
compositc ofBHA and GEL is an excellent scaffold altemative becausc il combines
the osteoconductivity of BHA and the elasticiry of GEL as well as is compatible
with the bones' composition. Alendronate serves to increase bonc formation,
stimulatc thc differeltiation and the maturation ofosteoblasts. Rcceot studics have
shown that alendronate incrcases the osteogenesis ofosteoblass and thc cxpression
ofosteogenic markers such as BMP2, type- I collagen, osteocalcin, osteopontin, and
alkalinc phosphatase.

The aim of this study was to construct the BHA-GEL-ALE bone scaffold
having an abiliry ofa scaffold with a composition similar to thc onc in thc human
boncs. Conscquently, the scaffold is expected to cause the acccleration of bone
defects.

ln lhe study, the scaffold was made ofa composite ofBHA-GEL addcd with
alendronatc with conccntrations of0.l7o, 0.5%, and L0elo to form granulcs. The dry
granules were immcBcd in glutaraldehydc as a crosslink agcnt 8nd thcn compressed
with a diametcr of 4mm. Thc physicochcmical charactcristics tcsr of the scaffold
vcrc conducted. The chemical bondiag was examined with Fourier Transformed
latsared (FflR) spectoscopy, surface morphology was examincd wilh Scanning
Elcctron Microscope (SEM), hardness was examined with an autogrdph, and the
cytoroxicity was examined with [3{4,5dimethylthiazol-2-yl}2,5-
diphenyltetrazolium bromidc] (MTl-). We also conductcd porosity, density,
rscling, degradation tcsts ofthc scaffold.

The healing of the bone dcfects in the local use of alendronate scaffold in
study was by implanting thc scaffold in the rabbits serving as thc animal models.
implantation was performcd in 60 labbits divided into fivc groups: thc negative

, BHA-GEL, ALE 0.1%, ALE 0.5ol., and ALE 1.0%. The analysis of the
of the bonc dcfccts was carricd out by evaluating thc callus growth

riah X-Ray radiography, thc histopathology with Hernrtoxylin-eosin (HE) staining
osteoblasts, osteoclasts, and osteocytes. Bone marker analysis was also

by using alkalinc phosphatase (BALP), osteocalcin, and Bonc
c Protein 2 (BMP-2).

Based on the scaffold characterizalion test, ircluding the test for functional
. the tests ofsurface morphology. porosiry and density, comprcssive strengrh,
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cyrotoxicity, swelling, and degradation ofthe BHA-GEL-ALE scaffold with 0.1%,
0-57o, and l.0olo of alendronate; it was shown thar all scaffolds that were made
scrvcd as good scaffolds for the bone defec6. The analysis of tlle acceleration of
drc bone defects in scaffold txe demomtrated thst it increased the truobcr of
o$coblasts and ostcocytes in all groups in wccks 2,4, and 8. Ncw bone matrix in
all group increased insignificantly iu weeks 2,4, and 8. The number ofosteoclasts
in groups ofBlIA-GEL and ALE 0.1% incrcased itr 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 occuned in all groups in wcek 8 whilc thc increasc ofBMP2 level
in thc groups of BHA-GEL and ALE 0.1% occurred in weeks 2 and 4.

The mechanism of using BHA-GEL-ALE seaffold in healing the bone
dcfecs occurred in 2 pathways. The first pathway was the incrcase ofBMP2 level,
followed by the increasing number ofosteoblast cells and osteocyte cetls triggering
thc increase ofnew bone matrix. Thc sccond pathway was thc increase ofBMP2
lcvcl, continucd by the increase ofthe numb6 ofostcoblast cclls, osteocalcin level,
and the number ofostcocyte cells resulting in new bonc matrix incrcase.

In conclusion, this study showed that the BHA-GEL-ALE scaffold rEsulted
in the accelcration of the healing of bore dcfccts with the best scaffold of ALE
0.t%.

This study suggesls that the BHA-GEL-ALE scaffold with a concentration
of 0. I o/o is rccommended as it was the bcst compositc. It is cxpccted to be clinically
applied to humans. A translatioml research with marke$ 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 flydroxyaprtite, GelatiIl and Alendronrte as Scaffold ln The

Accelerrtion of Bone Defect llerling

Sallniralt

The treatment of bone defects is still a challenging problem in th€
orlhopedics field- Autograph is the gold standard of bone defect treatment.
Howcvcr, the bone that is uscd as a scaffold in this procedure is limited. Bovine
hydroxyapatite (BHA) and gelatin (GEL) composites are osteoconductive
biomaterials suitabl€ as bone scaffolds. In addition, alendronate can be added to
these composites to increase osteogenesis fiom osteoblasts and the expression of
osteogenic nrarkers.

The scaffold was made ofa composite ofBHA-GEL addedwith aleodronate
with 0,1%, 0,5%, and l04 concenaation and were formed as cylindrical pcllets. The
characteristics of the pelle6 were tested as physicochemical characteristics.
Furthermore, in vivo tesl was caried out using 60 nbbits to test the hcaling
mechanism ofbone defccts. The rabbits were divided into five groups: thc coltrol
goup. the BHA-GEL group, the AIE 0,1% group, the ALE 0,5% group, and the
.ALE l% group. Each group was sacrificed in the second, fourth, and eighth weeks.
The analysis of the acceleration ofthe bone defects was carried out by evaluating
rhe callus grorvth wirh X-Ray radiography, the histopathology with Hematoxylin-
cosin (HE) staining for osteoblasts. osteoclasts, and osteocytes. Bone marker
aralysis was also conducted by using alkaline phosphatase (BALP), osteocalcin,
and Bone Morphogeoetic Protein 2 (BMP-2).

Based on the scaffold charactcriz2tion test, it was shown that all scaffolds
tlrat were made served as good scaffolds for the bone defects. The analysis ofthe
acceleration of thc bonc defects in scaffold use demonstratcd that ir increased the
ounrber ofosteoblasts and osteocytes in all groups in weeks 2, 4, and 8. Ncw bone
oatrix in all group incrcased insignificantly in weeks 2,4, and 8. The numbcr of
oslcoclasts ir groups ofBIIA-GEL and ALE 0.1% increased in weeks 2 and 4. The
B.{LP level in the groups ofBHA-GEL and ALE 0,1% increased in week 2. The
increase ofosteocalcin level occurred in all groups in week 8 while the increase of
BMP2 lcvcl in thc groups ofBHA-GEL snd ALE 0.1% occurrcd in wceks 2 and 4.

The mechanism of using BHA-GEL-ALE scaffold in hcaling the bone
d€fccts occurred in 2 pathways, The first prathway was the incr€ase ofBMP2 levcl,
followcd by the increasing number ofosteoblast cclls and osteocytc cells triggering
the increase of new bons matrix. Ttre second pathway was the increasc of BMP2
lcvsl. continued by the increase ofthe number ofosteoblast cclls, osteocalcin level,
.nd the ,umb€r ofosteocyte cells resulting in new bone malrix increase. The BHA-
GEL-ALE scaffold resulted in the accelemtion of the hcaling ofbone defects with
thc hest scaffold ofALE 0.1%.

Xcpvords; bone defect, bovine hydroxyapatite. gelatin, alendrooate, scaffold


