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l. Introduction the r.dmcnt ofthir.are is usua&'[r,y using antrtub.r.ulosis
drugs drrough intravcnous JJld intramus(_ular 11j. Tht- nrost
.11.1:ti!c trcatnrrnt .ould br Ferlilrmdl hy eliftinatrng th.
tubcr(ulosis bactcriir dirertly and rcphcrngthe iDfi.ted bonc
with tht'boncgrator liller to indu.!'thc hcnling proccss and
sPnJ st.hility {-}, .1,. SFih;rl surgery as n€.ddl to implement
this mdhod- Inst ad oionly unngborr grali to lill thc deli-.t,
a drug is ;rlso cnrbrrldt'd or iosr'rt..d to imFovc its tun.tion
Ii.6l.

Tub(-rculosis is one of infeatiors direascs rvhich has lrigh
mortalit,v |cl.l in thc rvorld- lt{or{ than onc million pcople in
th. \'orld di. bccaus.- oi th is dislns.. { I l. ln 2ol6 \lbrtd llealth
Orgahization ftported thxr this drseis. rc.tiicd a numb(t ol
lo.-1 million .ases and f.lgi' of them o._.urrcd in Souti!'ast
Asa- ODe of thcm r{as Indoncsia Il, 21. 5-l0oi, of thcm
occurcd on th€ bone rnd ioln! c+c,rially in thc spine I-ri.
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(:oplrighr ? 1019 l)l,llh Hibnawati .1 al. thiJ ir all opsr a...3! .rri.L diBtrEu&d un&r rb. Crc.tiv. ComrrDrti AltribBtion
Lk ns., whkh p.rlrit! unrEstri.t.d us., di.tiibution, :nd lcFodu.&rn in arT rlldiurq provid.d th. o.i*bd ryork i. Foperry
€it d.

the most.lle(lisc lreatnled 1'or sPnd tubcr.ulosir was bI elimr.lr.tng lht tu (ulosis ba.tcria,nd repla.irg ihe ida.ad b(xlc
x'ith firtxlnlgr.ti toi ulre &. h.ali$ pf,{€s3-lhir sludr ri,rl$ to ryntlkrirrand &rrei€nrr nanohldmi}zFlil<-B.Llir-hesed
rnie.tahlc bon. iubrtiture (lBSl sith aJdirion ol !1.rpton},(lD. The tBs vas s}rtthesized by nlring n.nohyd.oxlat'dtilc and l0
w/!& gelatri ryith r.lio ()fJ0f{}, t5ri5, 50:cO. 5i{5, 6{}:.10,5l'J5, 7OrlO, and 75:25 ratio dd strepom}tin rdditrn ar a ibioli.
ng.nt- 'lh( mhture (r!.r,Idej hy hvdrrrrpropy' methyl$llulose as suryendiB .gent I-TIR r.d slDwerl rhat tlpre 16 a chrmical
re $on oc(urrurg n} ttu mtture, ttetwcen ihe gdatin urd ritreptomycrn. lle learlt o{ hr€.trb it} ieir $hln'!d thal $e hrgh€r
inle{hbilil) o{ !h. l8S !njn+{c s.ar 9d.6.1'5 vrifi rhc s€ttiat time bcnre{r 1,0 mtnule! end lbur hours atur inietrron on t}Is }L{
s(altold rhat rlFnr€nrs the bon€ sriq nnd .oai rhc pore $nlfold. 1})c .,v.otoxi-it), r€sr resul stx,wed th, th€ l&s rllnple! $rre
nonloilE lo*ard\ BH[-21 fibrohhsl €rlls ard hunan h$alo.]le clls sin.e the uahlity cell war :nore firn 50% l1'ith iignili.int
diltcr€rce (p-value< o.oi ). Ih. ..dirv oI rhe I BS was srable and tt was renlilire lonBrd! S&phr hro..u-, oll'dxr wlrh $gnr licln llJ
dillcr€nl:e I valu!{o-05).]hc strEpl(,N}nn nlcas€ lcst shor*d that the srnptomn-in tcxrld bc rekased liom th€ l&S-inicct€d
bone r.afiold wifi ,€l€.!. ol :.5\ .h€r t htrrJ. All lh. r.srlk D.ntbrkd rhohtd thar lB5 $ns $itabl. !r a <ardidat. to b< u$d in
spinnl tubE(ulori$.ase



Hydror,rrp.titc is onc of thf, materials that .(rlld bc
usd as bonc grai l7l. 'lhis nulcrial has bb(ompalitlc aod
bioa.live pmpclti.ti $hich isb(.nclichl tbr rcstoting thc bmc
detert due to thc bone tubcrculosis One drehbrck of this
mirterial is brittlc. Thus tt $ras wdcl.v con$rntrl *ith thc
other malerials l() lorm ;r compositc, espttrrllv yrl;tncr,
lo obtain the dcflrcd properti.6. (flr. oi thcm r gelrtrn.
Thrs mat nd is alrady globall.v uscd in mrdral 6eU, cspc-
.iall)' f'or drug capsul. 'lhis nr.terial is .lso hiocompatiblc,
biodegradablt. and nonkrxi(. This nuterial i5.'xtr'nsively urcd
ls a flhr duc to it! ense to 5ct [7,8].

Thert- ar.' sr'vt'ral cas!'s d bons delcat thal rtquircs thc
bonc 6ller to lill inqq,ulu dctd and om of th. solutbns is
usjng the booe IiU.'r th is in , ftrm o[ pasc or rusF.nsio[
'l}ris is.otnmonly .allcd idtr.tat c booc subtiutc llBS).
This mcthod cor.rld rca(h the sharp defi'ct on tlr onc and
s(.1 in lh!'site oi deri.d. tlr using a suspcnding {acnl likc
h,r'drcyl prop,r,l rncthyl cr.llulosr'(HPNIC), thc IES.ould bc
s'nthcsized as mentioncd b) Weiss t't al. (.2007) illld Shen
cl al. (2ol.l) rn thrir 5tu4, [9 lll. Thc add lor otu ibou.
such stJcptom)'cin could hdp thc hcaling proccss io thc !pinal
tubcrculosis caic i12l.

This study has tiued oo thc s,rnt}csis and (hara.t(t
izeticn of th.' l&S br\ed on hl'droxfrpatitc-gdattn with ftc
additios of str+tonr,vcin for sprnal tub.raulois aas€. Thc
chara(-lerizatro[ pcrfomlcd hcrc wlrs ITIR trll to observc
thr tunctionil goup of thc sanFl€, thc inrcddilit,' tdsl k)
know thc abilitl o[ thr' satnpk strud{d kom thc s],riflgc,
and t he s€tt ing ti me lest on hldroxvrpat rte s.aff(rld to obs< r'c
the abiltv of the sanpl!' to sct dl the roper substratc-
The biological chamctcri2ation ln this stuE consisled of
.)totoxi.ily test by using IUTT assa)'. drca(idity trst to kno$
its statility ir th!. SBf 5olution. rod tlrc antibactcrial tc* by
usiog 9ry'Dl.x_6aa, rlrl.'16- Thc streptomycin Nhase tc$
wrs uscd to obtain thc rclcase prohle oi strepromycin by
6rst determining (h.'standird aurve of srreptomy. rn to shorr,

thc colrelaton betw(.cn thc streptonrlKli conamtraliolr afti
atsorption.

2. Materials and Methods

Nanohydrox)lpatile urcd in this study $as obtainrd frorD
Brdan llnag. Nullir Nasion.l (BATAN) laliana, lndoncsu,
orignrted tiqn drc 6dr x..ahl The gtletur u'as dcrivcrl from
con'skin purchas.{ l'm 150 blodD Rousselot (Guangdong,
China). The sreptomy.ur sulphare tpow&r k irle(tion)
was obtaincd tom PT. i\legi lrdonesia. Thc hydroxypropr'l
rnethylccllulost' (HPl\l(:) ries ohtainrd trorn Signu Aldrich
H7io9-

'lhsm.rtefials used tor alur'nct rization werc hyJroxlrpa
titr'scatrold froru Tissuc Bauk Ccrrral Horyitd Dr. Soctomo
{ Surabaya, Indoncsia) tirr sctiry tior tcfr, rr*aCl, Nall(:O.,
KCl, Kfi PO1.3l l1O, i\lg{;l:.611:O, H(1. C.Cl:.ll l!O, Na!!j0.1
dao (llotlll,),(iNll, for sBF solution and .sr.rr,,r,l,x?.!-rJ
.rrrals lix antibir.tcrial tcst.

The tooh used were lreeer and lyophilizer, I0.c qwinge,
viscobier \r't 0.11- Rl()N. pll nrtcr Benchtop ()A(ION,
S.annir* Hortron llicro6co['c (S[lt) FEI lnlp.rt S50 lapan.
and Ul''Yis Sp.'.r romctcr.

lntcrnalionel loumal ol' Ilonratcrials

2.t. Slnthdsit .tl tlA-(;EL.Strcfony.in lnit.toblc Bonc Substi.
, d (rB-S) 'lhc inje(tablc borE substitute (lBS) was svnlhc
rirld b,v di5solvirB 20 r{ir.\, g.latin {GEL) in deioni2!dwatcr
at t€mperaturc of{o'(-' lbr one hour. The h}'drory+atitc (tlA)
pos'dcr nas added lo that solutisr with sevcrnl ratbn ofHA
lnd cEL {of.10:60, 45:5i, 50:50, 55:{5. 60:{0, 65:15,70i30
and 75:2i). lohtq, s[.Ittomyiin r*s addett in thc mixturc
Irleaat'hilt-, llPtrt(l {% rr/v w.e dissolvrd in di*illed $ater
at 90'C llnd then addrd to solution ofgehtin, hydroryapatttc,
and streptomycin at 40'(: and stirrcd for six hours to produ.('
a whire llls.

2.2. Sam pL Lhan t cri.rrion. Th. charadci?ation lbr lBS in
Ilus study (onsid!\l o[ Foun.'t Traosform Infnred (FTIR)
Test Inie(-tabil y tasr. scttirE tinre i.s! r)totori€iq ted,
a.idity t st. aDd antibrterial tcs{. The FnR t.5t r.Bs aimql at

obser$ng that thrr!: nas no intera:ti)n amon8 thc nratrrials
u5.'d in this stud) basnd on thc lunctional Eroup. The sample
with KBr *rs ntadc rnto.r pdlet Thc pcllet rars tested w[h a

w,tachrrnblt rar[! of 4OO0- {0O cm- l.

The inic.tirb it-v test was aimed .t observing th. ability d
thf, IBS to be cf,truded tiom a syrioSe within . ranfe ofnme.
l}Ie L.st rLscd thc merhod of Shcn .t al. (201,1)by utilizing lo
.. syringc and a oocdlc with an ioner diametcr oll.2 mm lUl.
The mass ol IBS belbtc and aftcr thc in c.lio! hrs m..sur(t
By using { I ), th€ initf tabrlity c* thc I BS could bc obtai n€d. The
tt5t was rcpeettd lilc timr'!,

Iniecn$ilit) lril
/ ,&frs c.(lrril.r, |rorn tlP sr,ri .le\ (l )

- I -===----=# lrl00\\ lolrrl,tdJj ltt:lofe rnlrtlton I
The s.'rting tinre rrst rvas performcd by using hy&oxy+afrc
sslfold tha her brsn fnr.zc-dncd as a substr.lc. Thr lcalrold
mass rr,as m&rsurdl to observe the changes that oeturrd after
lhe setting of $e lti.S. Thr' te$ $is pertbrnrd by lniccting
lhc tBS sempl..s into thc scafrold vcrtiolb. 'lhe time wheo
pcrptratioo of the IRS startcd mtil the surfrce was fullydried
was ((IrntfiL

Th. four b.sl sampl(.s bffed on two charad{rizationr
menlioned ahorc were then (oolinucd to tha bk logical
.itara€terizatiorr. TllC cltoloxicity lest wat prrfonDcd by
using MTT ai\ay dcthod $hi-h us€rl 3-({,5-diEdhy'-
2-thiszoly')-2-5-diphetr/-2H-tets3diuE bromidc (MTT).
This subslanre would grve the informalion of viability ccll
while it rhangcrl lo l('rrr.r!n salt due to $. activity of
mith=hondria of lil1ng cc.ll. Thc cell uscd in $r,, tesl was
libmblasl r.ell lmm Bab,v tlamster KidDe,v (BHK.2t). Th.
optical dennry of lbrmazan sah t'ould tr nrcasurcd by usurg
Elisa readtt. The rdl vrabitt,r $ould be &l.ulatrd by lsing
(2). Tbe nuterials r.crc comilcred as rbt'toxia if the (eU

vrability is nx)rc than SUn Il]-l5l-

Ccll ViabilnyPi')

_ OI) lr.1tlrt.rr, + OD ,rtt/i.t.rl00\ (2)

OIt Ccll + Olr:tle.lht

Thc brst (oncmtsdion ol this tcsl was than tcsted agiin
by usirg human hcpetoc).rc c€{15 to evaluetc ils rylotortny
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lun h('r. t I unlan heato.)1.' .el! s are s€Dsitir'. to t{Eic mateial
so that it rs u.ad rn cfotori(it,v test- Ihe hunlan hepatB_ylc
cells *r:re culturcd in f)lllEM mcdra and io.(6at'd at 37C.
]lrc cc.lls r+ere then obsen'cd und6 a mi.ro!.oPe lo nuk.
sure the ctlls were grown well 'Ihe mediunr rrar rinsed errl
changc:l wrth DDTA trlTsin to det&-h thc cr{ls tiom thc
wall. Thc cells wcre incubaterl lbr { min and.cntrifugcd
for.l nrin wi$ 120 rpnr to scParatr'the cells and tr11xir"
DtrlljM solution was added to the cclls and that mirturc $as
insertcd itrto cach wcll. the .ells iD 96-nri(-rowdl platc wt're
incubatcd tor 24 at t.mpcraturc'ol 17'C. Tlrc DMEM solution
was (tan$ed with a nc$:00 Il DMS{) ca!drn\. Thtn, thc
tested sanrpl.. wns rns!.rl.d to ea.h $'ell rsith I replicatiorls.
'lhc sanrple Nas thcn irrubatod tbr {{t h at temperature of
l7t:. Atter.lli h, the rampl.' in ea.h ri'.ll r as ank n and lvfTT
solution wrs added to each well. The r..dl plae wa5 io<ubakd
4 h. Thco, the medlum ryas ralcn out and 200 d DMSO r,.3
.dd.d to ..Eh well Thr (-ellr r{de r..d bv usinl Ei5a rcod.r
al r,(avmunlb€t ol i60 nm and 750 nm [16]- Thr (tll viability
was then &t rmincd by uJmli (-l).

.SiIlr'o,. -.U,s.,rbdr.
C.',1 vi*i,rllloD) - -r 

- 

rlu)% {-i)' (-ontrcl Absorbanit

'Ihc !.idt! l{st uJs uscd to observe the stabil y of the
IBs a.dity rr'hen it nlrlt the bodl'fluil. In dris test, th.
Simul.ted Body Fluid (SBH rras us.d. TIE SBF.ontains
NaCl, NaHCO,, KCl, K!HPO{3HIO, MgCL.6H2O, }l(:1,
(hcl:.lllro, NalSO, rlan (lro(lH:)rcNtl:. Ihe acidity of
thc IBS rras nrc.r.surcrl c\{ry ll hour tirr 7 dnys.

Thc nntrhir.hrirl tlst rr!6 used to obrervr thl' abilitv ({
the IRS k) inhihrl th('bn.t nx fn}nr gmrsing b) oblerving
thc bactcrial inhihitim zfilc diamcter. Staprfiy'(ro.lrs arrdr6
{SA) rvas suspcnddl in 9 mL fr}ptic So.v Broth (TSB) rurd
cultur('d tr drc iD.ubabr at tcrnperature of60'L_ for l.l hours.
'lhc nutri.'nt agar rlas prcFar.rl ara m.\Cium lbr biNteria- tBS
p.lstc was put in Nt{l$ agar mcdiun xrth lour rcp.'titt,ni llnd

inlubrtion zone dr.amdcr wes obsened afict irxubation for 2.t

hours.
Thc slrBltom)in release test ryas .onduatcd lo observ!'

the amourt oi thc itrcptorttycin that l^a6 rdeast{ fionr tht'
IBS over tin*. The be$ ilA:GEL r.tir *as used in thls tlsl to
obsr'n'e thr amount of streTtomycin rcl(?sed fronr thc IBS.
PBS solution was uscdrrs a mrdia ottelease. Thc IBS solution
was ini('(tcd iD a borE s.,affold to mimir th.' conditnn hsidc
the brurc. lhe lBs.injc.ted scaffnld was inlorcrrcd in PBS

solttttrr[ lhc I mlPBSsolution wasthen tak'n and sr,/aluatcd

in UV.Vis Sp('(1ropholonretcr to !-valualc the streptomycin
(orucntralion. Befffc that. a standard (urvc \i'as nrodc
bI t.'sling nreptdDycin al sev.raj diiferent coL:cntrations.
Ilerc. 4 conLcntratiors (l%,.19i,, 69t, aDd 8qi') rverc us..d to
datermirr therelation h'tw..cn con entration and $sorption
of thc strep tomy(irL

'lhe d.ta was.o.bacd by using.t ti*ic.l le whrh w.r
o!.-r.sy ANOVA tcst with a of 95(s and p.cscdted as its
rv.fage ard strndaid ddiatxm.

3. Resulls and Discussion

).1. Funttrcndl Ctoup Ttsl- Thc IBS was s)'ntheslzed in 8
variatrons of h!&oryapatita gdatin ralio $'hi(h r$cr. .10:60,

15:55, 50:50, 55:Ji, 60:{0, 65:15, 70:.10, aDd 75:5 r.lios.
The FTIR tcst was perlbrmed at sev.ral lrriations shown in
l-igurr l.

'Ihc rcsult sho$.ed thar thrre ir'ere setetal absorbance
pcaks rdeldl to sdtrc spe.i6c lixtlxrrl groups. llc [f,al
irt wavt'nunlblt of 3.1675 cm-r rcsdmbled thc str.l.hiog
vibrition ot hydrox!'l group fnrm the Natenal used in this
study. I IA, CEL, HPNTC, and srr?lomyci& Thc absorbarxcat
wavcDurnber of 329..17 cnr I uas the *retrhing ribration of
(: (:l l. whi(h lrnr thc rpcr-ilic functkrnal g<up from tlPIUC

l7l. Thc p€ali at l6{li.t9 cm-r showcd the bonding bct$'ccn
the (-arborD I [un(tiorBl Sroup orign ted hont gclatitl and
lhc amin.r group trsn d'c str.T'tom),cin. Furthcmron. t}c

!m tsm

- 
tlA-(ilta:-I5
llA:C{l:}lo
ll.l:Gl6s:15

Ftclll r 'Ihr I'TIR ftirll ot IBS s.mFl c wrth ievcral rltioi of H.tGEl".
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Ftcrreli ],Th! r€nint tim. t.st results ofIBS.[-(;rrr ]: hrierrabilil.r testing rcslts oillls

str.t.hing vibration of P O.C and }rhosphate fun ti,on

group lfhi(-h wa! the sp.cdi( lunctional groups fmm llA
sho*'ed at wavcnunrbcr ol lo.ll..l8 cm-l aod 60l.5l on-l
[7j. Therr was no spcciiit chaige in thc fuD.tiorrrl groups
hrpl--nin* in the ranrpL' h'hich sho*ed that lhere r',as no
interactior': bclwren thc nratr-rials uscd rn this studl Ther.
wa s onil' physical inter.lction arnong the materialsrghichn'cre
Hd GEL, HPi\lC, and streptomvcin.

3.). h,jc&hlnlTtst. Thr ini.ctabilit) tesl iv:rs performcd by
rsinB 3 lo (. slringe. the result ol this lcsl war rhown in
Figurc : The .ight sanrples of IBS had a verl good ability
in ternrs o[ i,ricl:tabilit,v rcsults \r'[rich $as approachiflg 100"6.
'tle hest inle.trbiliN lArs obtained b]* wrth llA-8€latin ratio
at 40:60 (w/w) that is .qual to 9lJ.6.l%. Thrs ri:sult $rs
suitcd \rith th.'srudy ofShcn ct al. (l0l{) whi(h s}rth.'sued
IBS bascd on.aL-ium phosphate and alcndronatc. Thlir
rcsult \?s 96.68 96 ot ihie.tabilil,v w h 3% alerrltundtc [ll].
Inie.tability $'as on. of thc most inrlDrtant pmpcrti('s in
t('rmsot IBS applicition smcc it should havc ltrgh inic.tnbilitl
to inscrt dr': IBS to thc blxl.. lni..-tabilit)' is nfectcd by thc
solv.nt and s{ruh ofthc sam}rh, lh. vislosilv ot the samplc,
and thc ryringcdiamcter. Both o, thc IBS and the slnngr'play
important role in th. IBS appli.ation [ltl].

-1.-j. -S.lfing lirfld Ilil. Thc sLtting tinr. test $as prlbrnred {
using r freezc dricd IIA scallirld as a mod.'l of human bonc.
Th. subslrates had the snrne mnin conrpo&'Dt of the sanrplc
as th. naturalbon., such as the crxrrPosition (hvdrox,vapntlt )

and th€ stru.ture. The result ofthislest was shor{n in Figure l.
from tlrc rcsult of this rsult, thcrr: uas a big dilferdn..
hctwu:n tlrt sarrylc r$th kr$'er and highcr h)'&ory+atit
conlenl The srmpll'with i59b H-\ and bt'low had loqlt'r
setting tinr., shir. thc samplc $,ith 60-'lt HA rnd highcr
had shorter sctting time. Thc biggcr thc (omposition of thc
hydrox)'apatitc in th. mixtur.', thr iast('r th. scftin8 tinc.
Bascd on thc study oi Thai ct al. i:Olo). th.-1 morttotled that
the s.'ttu'g tin)e cf thc IIrS samplc with calcium phosphatr',

Frcusf, .l ths add.d m.5! ol dr HA s<rfrold dne to the prei€nr. of
the lB.S.

ralaiunr sdphata, I lPi\IC, tuld citric acid nas 30 mirutes rvith
209t of citria a.id and less than I0 minutes $'ith ,10% of otri.
a.id [19]. l}le sening tim.nf IBS less th.n l0 minuter could be
appli..tl in thc dr'li'ct olthc small bone, such as carpal bone,
while the othcr one could bc usd in thc bigpr bone, srrch as

clavicle bonc and its surroundilg.
A tter tie result in t_igu re I, the 6ster qriations reas t6ted

$,ith thc.hange in thc nrassdue lo the presen(-r oithc IBS in
the llA scallbld'Ihe rt'sultu,ar showo in liigure.l-'Ihis.hange
tras.aused \- the scatlold flA drat rtas qnthesized by the
frcezr dricd nrcthrxl and it prcducd rxrres that allou'ed thc
tBs to rnliltrate drrough the pores.

Tht changai in nrass o{ thc scafrold befon'and alter the
prcseo,r ot thc IBS $'etc anallzed u5mg Saaniui8 Elc(lror
i\Ii.ros.ope (SE|U) as shown in F8ure 5. From the SElvl
r6ults, it d+icted that HA seaflbld surfa.c was coycred
cgcr{y by lBS. "[hc porc ii?I bcfbrc inic(tion showed the
distribution oflducs in the ranSe.t 780.8 8l5..tpm and ancr

lI

I

ti la
I l,t (iLl.

I



hourE 5: S!r\l ot r..tlold llA res!-hs ta) brlore lhe inj€dlon r.ith IBS rBfnilidatron at],0r (h) alrer int .li,rl ol IBS rI s€ttin8
maplilirerrm rr lOOr.

Frcu.r 6: Ihc lriditl !t bility oflhc IBS s.mpl. $rth xvtral lt I'CEL nt.,r.

s.iliirld inrccted b) ltls m thc rartr- d l:5I ,rnl ll DUf,ht bc
concludcd that thr'lBS.ould spread ev€rl,y inlo the porcs of
tlrr: sclllirld and txxrnd hldroxyipatite [], lll. Thus, IBS could
bt'applcd as bone substitute to lill the infc.t dbon- sef,nrcnts
alrd rul[crirblc lo Iurthcr t rigScr $rgro$th ofncwbdre (tlls.

which .ol d snll tl. tolrrat-d bv thc body and desrcrl ro gitc
no p n cffcct 17,201. the acidity could alio dcl.rmine the
srthng proccssofthc IBS since the IBS should bc set al huntan
body pll. Normally, thc tBS should b. s!-t atpHof aromd 7{.
Thc lanrplc vnth llA:CEL ratio oi 65:35 was dre most suiteblc
<rnc whirh had plt of 7.1 with lilde oi.illition orartimc.

3.4. A.i.li\.?ixl. Thc a.idity oI the samplc is onr' ol the
rm [x)r tant poi ltt$ i n thc cvaluat krn of thc performaocc ol I B.S.

Thc R'sult in Fi8ure 6 shrnr.cd that thc averagc pH ofsanrplc
with HA CEL rerio of 75:25,70:-lO, n5:35, and 60:+0 (r{h,{l
wltc 762,75.1, Z,tl..nd il5, respectird)'. The IBS occd.i pll
niorcthan5lobc !:( in thr bonc. This r6ulr$arstill toldrHc

3.5. <:tlohri.ity Tcst. Thc cltotoxicity trit wasconductcd by
using fibrouast.clls from B.by Hanrstcr Kidncy (BHK-21).
Thc IUTT cnzynre would <hangc to formazan salt with vioLt
.olour it it r.a.ts to thc mto.honlrh of the lMng.dls. By
mcrsuring tlE' intosity of this virct cololr, ue could obtdn

Intcmiili{xral lournal of Bbnralc.iaL
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h(]u rE 7'Ihr qtotod.ity test resrlt of thc llts $tnplc vith r.v.r.l H :GEl ratio!.

lo

:o

I

thc 6cll viabilitla l-nrnr &is test, d'I('rc:,ult depictcd that thc IBS
sanrples rrerr' nontoia, baaausc thc ccll vrahrlit,v uas morc
thrn 50% sho\$ h Figurc 7. B.'sides that, this r.'sull allo
rhorv(l th. p!.I((ntaFc Nlri.h was more thin 100% 17, 13-15].
Th.rt result meant thnt thr samplt could promotc prolilcratior
oi$c c.ll. lt indi..ted that the IBS could bd th.' pla.:c lbr thc
osterrbl&st (r'lls to gmrs [7, t ll. This r.sult rrns signilicant\'
di*erent riith p-ralu€0-0llt57 (p v. uc<0.05).

the other iFotoxicit,v text rr.as nlso pcrfbrrrd to empha-
siz. the cfl(a'_t ollhe sanrFL'toirrds thc human cells. Human
h.pato.)1. c(.lls Ncr. u5.d in thl. tcst. Thc b.\t .on,r.nt ration
of thc sanrple bascd on tlrir rrsult ofthc othcr .hariltdrization
Nas us{d ir this whi.h $as th. ri Dplc $ith HA:GEL ratio
ol 6iil5. 'Ihc r.sult ot' this t(-st short'cd that thc ccll vrability
of thnt sanrplc ni$ 9,1.69qi, wilh thc afiount o[ IitrcPtonr,v(in
oi 100 mg/ml which equds l0rrr. This r6ult showcd that
th!' saDrplc was nontoti!, clcn altdr it lrils trstql by usiDg
humarr hcpatoc-rtc iells [16].Iluma, h('petor]1..!'lls in this

test 1!erc suc[esslul to cnrphasize the a]totoxicity tcst that
s,ar using BliK-2l tibroblast ct{ls. The turther study of this
sulplc by usiig human ost.tblast cells ir rreded to obsene
the bchaeour ot the osteoblast cellswhcn the IBS is applied-

J.6. Antil}4tteriolTest. Thc nntibacterial test resUlt is d+icted
in f:igrre ll. Thc tcstrd sanrple rvas paper rith the rcL'ascd
part of the IBS that Nos applicd in thc bone scallold. In
Figur.lt{b), the trhibition Trne $rs surrourding the sanple
and the white dots irere thc b.cterial .oloni6. 'lherr was an
inhibltron zon. Jround thc sanrplc $'ith dia[rctcr ot' ]8'll
nrnr tionr the lnitinl h'rll dian!.ter which r+as 9 mnr- Bes.d
on Balouiri ('t rl. (2016), thc lcvcl of blctcriil rcsistance frcm
a m;rtcrial could bc cveluat.d ttv.onrparing the clcar zone or
inhibition zon('diam(t.'r with theinitial sampl.- well diametc r
|:ll. Bascdoo that r(sult, all thc samplc shrxved that th(a$erc
seruitivc to Stapl4lora-rrrj rirrrcrr ba(t.rla with ihhibitirn
zont' nxxe thar l() mm with signilicant dilleren .'. p-value

r1),O 66:15 7Ol0 7SJ,
Ll]!GLL

(a) (b)

FtcuBE 8: ( a) Thi i shibition zorE diimrt.r of IBS in s6rr.l HA:GliL ratios. ( b) 'Ihc inhibitioD DnG .rotmd ttr s.nrpL dar h.d rtr.prony(in.
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lh. rlr€ptom)'cm rbJorban(e at Ndv.lcrxfi ol::o-1oo
Frcur.L 10: vandard (urvc oi nrepton)),rJn t'i1h rev.rai ron(entra

- 0.00121(p rElu. <0.0i). Thc pr.scncc strq,tom)'cin in the
mixturc$'as thc main rcason ol thi\ antibaa te rial aati!it)'. fic
spinirl tubrr.ulosis is causcd by .lr}.or.r.trrir,rrt tub.-ri ulosi s.

Th6c bnal!'rid rlc nridrcr gram positiv(' Dor gran nr8ativc
b,rteria sincc lhrr,huvc thc chera.t risticsol bo0r qpcs. Thc
str$tom),.in .ould killthcsc bactcna lry inhibitlB ot protein
syothcris ofmycobsct.ria in the ribosome 1.2.21- Thx proccss
also happcns in S.,rur.1lJ-

:.:i

i.i Strcpto,nlcin Rc/(..rsc ?'(5l. Thr 5tr(?tunlltin (l!-.rrc tcst
was parlomled to obrcrve tha nnourt of strelttoilvcin
rcle.scd ironr tlre IBS that was applied in rhe borrc acilridd
overtiflc- StreFtonr),!_in at scv!'ral concr'ntmtions wEs fust
tested bI using UV Vir Spc.trophotomcrir to determirr the
corrclation bet$'een thc strcptonr!:(in lnd thc absorgtion. The
resuh i{a5 shoir.n in figu&* 9-

Thc absorbarr-c of strcptoln)'cir rvas sprlairia at war!1
length o1270 nm whl.h was indicated b;- the peaks in cah
c.'n.cntrntion. Thc rbsrrben,re at those l(ak n.rs taken to
.l.tcmrineth.'standard.urv.nnd thc.orrelation betrrccn thc
streplom,v.in,:onccntrition and it5 nbs.rrbnn.c r|?s obtairld.
'lhe corr.latio.r of both paomctcrs rsils then dq'i.tcd in a

limar.ulvc with its cquarion in (l) with ) beirrg irlbsorban<c
xnd x br'ing con:.ntrstron J2ll- Thr strepl()rr!'cin stalrdard
aune $!! Prcreltcd at Figurc 10.

!' - 0.'157r + 0.5.12 U)

ot2){i
Tilnr (boE)

ljrGUrE lL Th. itr€plomFin tEh.3. profrle ov{tim€ &om th. IBS-
i+rkd b{)(l€ lafiold

protilc ol strcptom),cin wrs quite linearund m { hour, thc
amount of stlcptom).in rel.ased r{rs almost 2.5q, l-:31-'Ihe
i iti ion.mftation lr?s 10,!r. The rcsult of.)totoxr(itv test
shoHed that $ith thc cDncentration of 10,16 it (ould sill givc
high cell viability [a]. In thc spinal tubrr.uloss r:asc, Iie
:tty.obict.tirlrn t ubtrc tdrxi.s tould br' killcd by strcptoulycin.
B,r thr rcsult of this t('st, thc arnount of stk-ptorn)rin could
relcase at dcsired collcaotlation to its $rrounding.Thu! the conccnlration eqlation *.as ohtained erd showed

in (5)

- lobsofuarrc o.iD)
cdtetttfatrcl = tr,

0.457

The *an&td curvc was then used to d.'tcrmiDc &e slrep-
tonrycin concentathn releas.d by th€ lBs.ir{.cred bonc
scaliold. Thc rcsult was shoun in Figurc ll. The relsse

4. Conclusions
-lhe 

IBS barcd on hydroxyaprtitc-gclatin s&eptomyciu has

berr slnthcsizcd. Thc rcsult of FTIR t6t drorl'(d lhnt thdc
Nas a bondinS bdk'een !h. sttftomlcin and the gclatin.
'l}r.' inic.tabilitt t.rst sho$cd that all thc sanll'l..s lud high



li

iniedahility with the highen inicctabili.l.. of 91t 6.11t' and
trom sening timc test, thc srDrpL' Nith highcr hy'droxyap
atit.' content had a fastcr setting tinre (onc hour and less)

rr.hen thev r+ere inj.cred to the hvdrmyapatite scalfold- The
.Fotoxicit,v tcst sho$'cd that thc sanrple was nontoxic with
th..dl viabiliq morc thnn 50% tion] BHK :l librouast cells
and hunrur h.pata-yt' .jclls- Thc s.idiq of. l thr' ssmplcs
was stabl. alrong 7i. 'Ihe antiba.terinl test sh,rh'ed that all
th. sampks wcrc scnsitiv(' to Sraprr/lodoi.l6 d r.xj h.ith
inhihition zj)ne mo(e than 20 mnr. Thc rtreFto yrin l{ai
releascd nt 2.5% alicr.l hours-
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