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rl|[lINAL ARTICLE

ln vivo study of bovine
hyd roxyapatite- getati n - hydroxypropyt methytcetlutose

with atendronate as injectabte bone substitute
composite in osteoporotic animat model

Anrck S.hya Budiatin.
Mtrrta AprdiAt$ Oad.

Bulgn Rh€e l(Eulr-L! Hrdin'.r Putri.
samrrah s6nlrah.
Dyah Hik'trar€ri,

Nfun harnudrta hrtra.
Niiy Su ei&h. Jururdi Khotib

ABSTRACT
The iniGctabb bono lubstituD tlEsl is 6 i€f-s€ttina local d.ug dolvs.y syltcln th.t
sdrulrs $a rhapc of th. boor grp h th.lractro. ThiB dudy ainld to axrmin€ lt|s
oabctlv€nraa ol l8S compooil"a o{ boyir! hydroryapatitr {8HA) and alc.rdlonata (AL}

n rrcol€irling bono 0rowth in olooporolh r.l!. l8S waa madr by mixrng BHA with
geLrin 5%, hydroxvp.opyl m.lhylcslluloro (HruC) :Al, end Ab loo,t. The physical
proportioa of l8S rvsro visco€ity, inj€cfability, rnd danity toBt3. Twa.rty.hur f6nal6
lyatr ral! wea diyidad i ofour grqirpa. Artgr I nod6,2 mm O6p rvat modo in tho
.ight bmu. o, dl r.tr rnd flad wth l8S. Tha hGaling Focaai wis obaanid atai
6 !r,!o16 wilh X-..y inaoing ard H and E luinhg. Tlr ot'r6i!.d .oirB lhorGd virco6ly,
irioc!.trilly, .nd dGority v6lua o{ l8S frorh S.4 to 39.4 dPr.6, S.22!6-S.6a%, 

'rd0.032H).8t@ g/cmr, .6poctively. X-.ry im.ging .hd Nsblory rG.rrtt prov.d lh6
conditbn d o.tepo.6b h rslswilh ova.iacto.ny. th6 ad{tai ol*lA-Gd-HP*lC-Al.
signifcantly atroct6d tho .t.,rnb6r a{ ocaouanr. o3tecyfai ard €t6cLaE lP < 0.o5).

Arl., 6 drF ol ob.e.v.rion, lhe rddilion ol EHA-Gel-|FlliC.Al. rho..d th. ht r6t
mGan nuftbcr d odaobl.3tr, o3taocytc, lod oataod!36, rrt$ch r\reo 25.O ! 3.00,

6a.33 ! | l. ! 6, .nd 5.67 t 0.58 conp.r.d ro BHAG.|"HPi,C .nd ldriv. cootol group3

Th6 8}|A-Gd'HPMC-A|6 l8S h'l rh€ potaotiol to .ov6rr6 olrtsopo.o.ir. ilev€rlhola.t,
th! und€.lying poEnrirl ol thaaa bbnuta.ill! b r0l,.r'3 oaloopo.olii rEada lurlhar
Ieaaarch.

l(,, rqt: Ai'rdion{a, bovirla Wo,ryapdnA tac0r6, anFnaua bona ilAalitlrt ,

orLopoaoal

Addru3t ror co.r..pond.nc.:
tl. &i.r S.dya Budi.rh,
Pon n G.if. Ad5|gg., O 17 WolErlio S.lrln, Runglu!
grrsbrya, lridorrar!.
€.mdl: onet b@y.rroo.co.d

INTRODUCT IoN

Od.oporck i5 ,) rvstrm ic dtsea6e drara.teriz.d by n grndunl
dt"creast' in bcre &nsitv (T..iorre <-1.3) .rnd the d.rma8e k)
the trrre lis.ue nrrrrrrrrdtilc(_futP, n suhrnB ln .ur inlitease
ilr boile fr.Bilih' nnd the rist oI frnctu rr:t or ln.Br' fr.l.turui
F.p formition. ()steopomsis ocauri due to an imbnlrnr!
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Euduln, el ol.: ,n v,ro ttdy ot EttA.s drug detivery tystem

brh{r.en ort.1!(last .!nd ostedrl.rst a.ti\.ih', m.rLinf the
resorpitr'r Froers hiEhrr drJn thc bixlc lirrmdli(n Pnl(r's\.
ll.ltJ lrom thl: lnt('mational Osl.rrF)mris l rundotion in
Itll5 rtrtr.d th.rt I in -1 womtn ond I in i nr{n !\F('rienc.{
.rn osleopohsi*r€laterl fra.h.rre.tl :{) vr'n.s tr orL[vide. ' '

I tl1' ini..ctthle bone subsritute (l85) is n l()cal drug dcli(ery
sr sl(rn lhnt.rddpt:. the shape t{ thc honr.gap tt, tr,rlturi, .
minim.llv invasive tteatnEYlt method, .rnd an altcm.llive
r('01t for delivrr! of hi8h drug (oncen tr.rtion.ri 'i Thc
inF(tnbl('s)\tem nas rimed ,l lhr bone grp du{ k)
('\t!'oF roli( c.I*r $ hi.h cootaincd inorSnnic ,nld (rr8.!nic

c(rmponenlr thal resemble the slrutture ol lhd bone

Alcndronatt'(Al€) is a bisphosplxlnJtc drtr8 us!\i to
plevent .rnd I real .lrholrrr'sis. Iherc arl: tr(r mea'hdnirInr
(, Alc acling asan inhibitor oi thc iarncsvl Fvn)phosr*|Jte
slnth,r:r, m,a'me. This enrvme irrcre&se< orlt\)(lasl acti\'iW
J nd bird s to Grldum from brxre hYrl nrxva pat itr'. As l rcsult,
ortcrrl.lrl ncti!'itt for b(xre 1(:s()rpti()n d(rNasr{.i'i ln oral
ur,, AIt'has low bictv.rilability (l'li-t'r,). ln nddition, it
als.1 cnures side e'ff€<19, su(h as B.astrointeslinll disord€E
ind (Eleoturrosis of the facial iaw, if crrnsumcrl f,rr a long
timc-r" ''

Dr'li|en oi Ale in the bode tbsue can br'supF)rted try hriin€
hydror tnp.tiE (BHAI BHA i5 hldlox!'apa tite Irom borine
bone, rvhich has chemical and phlsi(rrl propertir5 similnr
to human trone. Besidee, Splnlin (Gel) is n Follmer th,rt
rc+cmbler nn (IEania comFxrent (rt trnc tirqre. BllA and
Ca,l help ,r.(r'leratc hrle gr(nr th in danra8r.d honlr tilistrt.r.
ln .lddition, h! d m\wrop!I rnerhyl(?llulGe {llPMC) is an

inerl, \'licxlastic lxrvmrr us*d for ({)rltn)lk\l deliren. !
Bl'lA'C,cl-llPMC coDrpGitc cqrld hc nn ox(cll('rrt dcli! ery
!i\'rtr'm litr Ale in thc bone tisrue.

This sttrdv nimrd to e\dmine thc BH,\-Ct'l-HPIvlC IBS
comp(xit{ in osteoFrroti( hon('t lsue en8ineerrn8 rs a

lillcr lo str..n8thcn bont' merfranical properli€li nnd AIe

IITAI'ERIALS AND MEI HODS

Slnlhtris dan (hirr.teriz.tion of injeclable bone
substitulc
Thr I BS s'ac s$therizad t{ d issoh'ins Gd Fou d er 5'!l, rn to
distilled $rtcr rt.l{I'C for I h. BllA $.rs added k, th€ C,r'l

solution wi$r a rntio ol {555 and dirltd tr)r I h. Then, Alt'
wns mi\l{ r^ ith ttr 8tl.\-Cel solutidr rvith ttr: (,mFrsitiur
of I (Ii,, I mm th., maas of Bl IA in each sr mpb and st irred until
homr4r'n(rur, HPMC 2'li, 1w/v) rvilsdisv rcd lr'ithdistilld
tva ter at q) C until the l€mper.ture decreased to.lo.C- Th€
HIMC solutioa was Fultdinto Ihe BllA-C^l.AIe miJitute
rt {{}'C rnd stirrrd lor 6 h. Ih{' phvsiul (hnncleriz.tti(xr
wnr c,rrit\l o t br !sir!! a !'i{ometer.

The iniectabilitY tcrt $'as .drrit\:l out bf ins..rtins lhe
suspcnsion int() a l{} ml s\'rur8r' rr ith an insidtr diarm'lcr d
: mm and a l.l mm irrrrr'r di,rmetcr { rinllc nNdlc uithin
2minwilh \ nriation5 ol tcmFr.rtuft:: 15t,25"C,35C, ald
.15"c. Thc i€tting time teit r{as .r rried out by inieding IBS

inkr the HA substrate, th('n ()b{.rlinlq l}!e ictllnS pn|:sr
that oNurrrd. The inic{tcd lrusp.'nion in the I lA substralc
rt'&$ (xrductAl.rt25 C ck,|,l' t(, rlxrm t('mper.rturc.nd 15'C
d(rsc' to h)dv tempcrdtule.

:U)-250 I 3 monttls old !{isl.}r rnt (Rrllxs ,rdri'.\,.xs)
*r!re ustrl in thr'erpt,rrments. This reserrch h.r( been
approverl by ihe Ethical Commitler in thc Fa('uhy ol
Veteriharv Medicine in Airllng8a Universitv. lnJorEsi,r,
wilh rclerence numb.r 2.KE.075.05.201lt. Altcr rn
adaptrlton pcriod of I ueek, 2l rats were rnndomly
di vi &d into frxr r gr<ru ps: cont rol tutal ivc gr(xr p ( htt h h\'

Erqrp, Pl), ((nrtrol p()sitivr' Eroup ll'1,, BtIA{*l-HI'}"!C
Croup (P3), and EllA-Ccl-llPMC-Ale (P{). Tht'
positive aontrol Iroup underr!ent oYarieclomv
$ilhout b()ne fillt'r. Atl(.r lt rr,t'fkr, lhe Frt'-sur6€n
lrr',rtnrerlt lr',rs pcr(r)rmrrJ br' antxthetizing tlre rnt with
ketaminc (25 m8/kg) nhd xvlazin€ (t mf/k8) l. M in the
left leg.l', The incisitxr in tht'.rbdom{n w.rs pcrforme(,
thrdrth line.r nlba. Thc ovarium nas removed, and the
open nbdomen \rs sutured. The osteoporosis took plnce

Atter I $r'cks ol ()\'ari!tt(m1, thr. trdtnrent of trme fillrlr
u-ar F.rtir.mrd bY ane.lhet irjn8 thr' ra t.lr 'r The ti!.ture r.'.!i
made on lh€ r.rt's fcmur ln lh( kn8thlfi:r dirccti()n .nd
indliifir r{a\ p(rk)rnxrd in the femur until trc bfiE. TtE
drilling ffi the hffie war perfolmd b make a hole l{ith a

diameler of 2 mm. Th( IBS llas thcn inirded ink) th' hole,
and lhe ope&d !i\in rr'.rs rulun,d.

Histoprtholog)'
After It rreeks of bone filler inieclion, the rats $ere
terminated br using ether nne$tltsia. Tlre femur txne
rvas slored in the l0'\, 8NF. Bone decalcificalion was
performed in l0% Ethylcncdiamineteraa.etic acid
ioluti(rr- Tlre b{rrie cell obrenation was ot!6eNed rvith
H and E (HE) stninin& dnd the borie gap w.s obsen,ed
radiologicallv. The bonr cell observation included
osteoblast, osteoclast, nnd osleocvtes. Thev were
obsened un&r.r liShl mi(ros(oF with n masni6(ation
of {0O limes.

Statisti(al inrlysis
Re'ults obta ined a re shoh ed a s mean 

' 
standnrd &f ia ti(n.

Independent s.lmple r-tes[ $'as used to evaluate the
dilr€rence Hween control p()liitive and ne8ative Efcxrp.
One way analyaii o[ !,a!iane was to analyee .Etedrlas!
(Lte(xlast, and orite(rvt{s rcoring. P < l}.05 h'ns stated
si.rlisticillv silFificant di ffercn(\rs.

| 2i2 

- 
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Bu(hatn. et ol.: ln vn o rtudy ol Btla a3 drugdetlvery syrtem

RESULTS AN D I)ISCUSSIO\

ln,ecaable hone liubstitute (haraderisti(s
Th(' r Lscosit v tesl u rs ..r rritd (xrt to detetmiN' lhc thir:Lntlis
,)t tlre susFen$ i (vnthr<irlrl rs r iundron oi lemPeralurr.
.rnd er|.surc llt€ i'i:i(,sih orlhc H Plttc suslrrrsxx visd)sitr
slnftlard \ nlur. ot Z',, {r '/r') ns n tnlrte substitule npplication,
$hidr is {) dl'.r.s.r' The IBS Yix-(rsitv teit rtsults oh,tained
\'6.ositr' [EtNcerr :I).{ ,md 39.{ dP.r.s. Ihe visoxitv o[ IBS
and the tempernturc o[ IBS gre.rth llfected bv iniR.t.biliW.i':
Itt perentoge r, m,{<tntnlih' is brtwen 9tt.2"r .rnd 98.61'\,
rt 25' C-:!5'C rrns ablc k) liet nnd increased thl: sub6tr.te
dEn!,itv irom 0.6:t:5 $/cm' kr 0.tt-l(B g.m' ,r((ordin8 to
normnl borl' det!\itr . Th! phYsical proftrties o{ tss allowrd
I BS BH A{}I - HPi,l C to be a pplied tr tre.r I GIe(lpor(xi r-

Analomical palhology te\t results
Tht' lt'!i ulte ol X'..ry im.r grnF on thc r.rt's L:mur nltr r 6 $t'tl..i
in the Pl, P1 I'1 nnd P{ Broups.rresho$r in [i8ure l. The

Er[r sizt.u.as (alrulah'd usinli Inragt'l \'l-.|{p t( hr',rn',.ts
:ihr*a1 in Table l. Thr rusulls shou.rl that (xk\rgrrrxis had
oa(urred in F\r5i6\rj c!rrtr.)l. ln nddition. thr r(tiults of thc
rn.rhsis ., P2 shorvtrd ! iifrrifEant diflerrne (P < 0.(5) in
the bqte gap qz.'(ornpared t() Pl [TSle I l- Ovnri,flonl, hns

btln sltr)$n tr, anu \r'Gtr\)Frronis. The o\.rri61(rm) trigf,!rs
c\ce{:rive ost r(rhsl n li\'ilv, r(hidr.auss,rn imbalanct ol
borE remnldin& Fnrmotins txrre resorPion ,tnd d('lreasin8
bonr: rcg€neral ion.": Ostt'ogrrosis-rclatrd rst r()B{:n

deiiaiencr suI'prcsrt{ thc osteoctte li[' sustahr,!bilit!
nnd disrupt{ thr' phr'srological response oi ostrublnsts
lor ftrhanical stimulalir)n, dam,]Ee detecti(n'! and b(xrr'
repniI.lLr'

Iltoreors, as slxr$,n in T.rbL' Z the Friitj rc orrtroi $r)uF 13
n nd P{ were not si8niicantly diffelEd ( P > 0.O5 ) in (rrm[nre
to P2. Alc G)no'ntrati(n ltlf in BHA{,eI-HPMC ur\i *as
lt5s than oplimal ior t he bn lrnce of txn€ fo.m ati(rL and the
lacl oiobssr.tiqr timc.r{!'als tll. number of (r'llBror{th.
Ale rvould suppress ctr.oclast nctiviti' ercessit?lv ri,hidr
made tDne refiodcling supprurrtd and der rease lhe bffre
ktrmation.rnd cauq:d a dt'lav iD bone 8r.ritin8."'" Ttl('
obsenati6's limes pl.rvod .r vit.rl role in rsses:sin8 tlle

efte(iverEsr o{ A le. Ba$cd on the aernodeling pr(xelr, bon€

tn krs H mfirlhs or yea rs to (omplete th€ lull), rp8eneraled
bone structulr.lr'r'l

Table l: lnlcctlbli! bon. Eubslilut3 physicsl
proporlioa

Tebl€ 2: Bona gap 8i2a bctwaon
positve control, bovinr
hydroxyaprtltaGel-hydroxyprcpyl Gthylcrllulorc,
snd bovinc hydrorylpetiteccl-hydrorypropyl
ethylcrllulo3s,Ale (mcanrstandsrd .Lvl.tlon)

Bone 8ap ii2e (mm)

l[ J",-.1 "i \.h.rL.l lh.rtrneui.l l-Fluolorr !r l.r..r.h | \olum. lr lri!. I (].tol,rFl)Kdnl,.r !.r.e 

- 

2Ca I

(Arrn'ation ol brrre o:ll growth lras rlqr orriod (rrl ir,

th€ ['mor.rl grp throu8h a histopathdo8ical lert $'ilh lll
slaininB. Th{, o:lls (|b,{.rvr\l in.lu&{ ostc()blast, (rJ(\rth,
Jnd (rstt{r(lrsl raithn nnrgnifi.ation oi , {I). The reiultlnrc
shol|n irr Fi8urc 2, anrl the mtan nurnbtrs r)f ostrr$l&tt
oste(rttcs, .rnd ostr\xlasts bcttir\:n treJtmcnt 8rouP5
are sho*'n ir Lrbic 3. ll[ stninin8 resulB rhowed lhr
nuober of osboblasts nnd (xtr'oclasL< ln P2 ri8niticintlv
dilten nt (P < 0.lE) compdrcal to Pl. The avcr.Ec number
of osteobl,rsts in P2 is l{.33 12.52, $,hilc lha'ale.a8e
numtEr of (xl({$l.Iilt in f l is 9.00 r l.A ar the arr:ragt'
numtEr of ostr(rl.Nts in [2 is 10.fl) r 10O. Thc numbr'] oi
(xte(x\16 in lhc Ir2wrstu si8nficantl.v dif{eEnt (P>0.(E)
compared to I'1. Based on tlre resull of lhe independtrlt
Ftest in P2, the.rddition of BHA-Cel-llPIvlC-Ale (P{)
sitIrilicanU), nfdt{ th' numbero{oiteoblasbt osteoc! tes,

,nd Gteodasts {P< 0.05). After,l5 dnvs ot rrb*'rvation, lhe

G.o{rp
I 046:0 013
| 78.,0 027.
I 75010 017

1 752:0.022'

Ilglrr l: R.ldrrlk,grlrl -\-r!\ rns$ ..pt\\.nlJtid of txrlt g.rp sr^: l\il'tg.urt ronlrol (l'lr. F'\nirr .(tntnrl tP:t. BIt{-(;.l-lll\1( (Plr.
BH.\{i.l-}lP\t( -.\L.rldn,ru't! (PJr llP\L Hldrorrpr(T\l r'rh}k.llu[^.. Rll.\ tto\ ux htd.o\rrnarir!

PI

?

t,

P2 P-l

t-rt P{



fudutm. et ol.: ,n wto rtudy ol aH 6r &lJ3 detivrry ryrtem

Table 3: The number ol ortroblasls, ostaocyles.
and o3teoclasts be(we€n posltive conlrol, bovine
hydroryapalite.Gel-hydroxypropyl ethylc.llulose,
and bovln€ hydroxysprtlt6,Gol-hydroxypropyl
rthylcellulose,Als (mcanrstudsrd dlvialion)
Group O3tcobLst Oit€o<rta Oataodalt

Filrrt ,: ll Jrxl E slailn8 r.\irlr\: o\r(\lt!lit.t\ r r{d ,llros ,. orrlir! r.:
rhL(l rmrq I o"r.rl( [r\t\ I Elrngb ] l.rr \.!;rlr\ c.onln,litbl R6{rrr
(onrn'l: rcr Sll,\'(idl-llPll( (d) Bl l,\-(^l1.1I P\!( -,\lcndroi.rc.
llP\l( llrdr{x\ftnlt\l{thrlccllulEr.Bll,,\ tto\rn h!dnr\!spirlr(

N€qdtiv€ conlrol 9 00: I 73

Politre (ontrol la 33:2 52

8HA.G+Hrt C 20 33:{ 5l
ElAG.tHPtt C-Ale 25 00:3 00

t5 33:a 5l
16 67J 5 0l
55 67:6.0!"

6,tiltll l5*

0.m:0 00
r0 m:2 6
2.67:0.S8
557-058.

rP0.05t.llrtrrpovE !..rd.dnr9a&(dro't O05EI+ Fr,tE
.mr,olrn,r€.nco{r,or'P. 0 l,5y.rrlA !oro*.oltol.qlEfrd
.onr.l P.:0.6 t?.B Fehn <dtol .1d 

't 4.h .o,rtC. _ P-0.05 sr,t
ponr.. aor.d ltg.oa.aid HPr( ,rr!,,oitpio0yl alryl@lt/@. 8hA

.rddition ri BHA{,.'|-HPMC-AIe (P.l) 
'thorvcd 

thc h€hesl
n\rrnge number oa Gteoblastn ods(xytes, and orteclasts
2i(n r 11.00, ttl.33 + I1.15, ard i.67 ! 0.58, resF,ecliveh, in
c()lnparrd to P3 Jnd Pl.

Th' r.'sult slrxlr\l th.r t *le rurnb€r of os&(Sla6ls, oshx,vlet
lhd osb(xlasls in group BtiA-C,el-HPIUC rvith Alc (P4)

shori't1i a sigifi(nnt dilie rt:ncc ( P < 0.05) in d)mpdr(ri I o P2
nnd l1l. This studv showed the s.rme results as tlt rer'eardr
c(mdu(t&l br I(*er r'l dl. Altcr 8 $t!l|', tltel craluntrd
the l(lcal efre<t oi Ale and c,rlcium ptDsphrle co.nbnrtim
on l:ih ari,rl txnt' defe.ls in rJts i 

j' Th' rtriults shorr'trl no
igrifkant diff€iflce b.lrre6 Ore h^'o gftuF (t3 atd 14)(xr
thr number of (ritcoblrsts or oitflrlasts. Thb &:sult sh rlrd
thnt thc bont' lormnti(rr prdess was still hapFnin& Whf,''r
inF(hl into the bone E.p, Ale binds to BHA fotm .! ri.ry
st nmg hxld, tr hi Ie Alc d i.nnbuhd in lhe Cel -tl I'MC ,ele.Lr.rd

and binds to tht'.alcium htdrox!,apatitrot lhc bnrean)und
th!'Bap. lt ca uscil *le borl' .rround the gap br{a nrc l<)lid rnd
hard. C,el-HPMC intera.ted nilh olilt'obhsts k) ft)rm ost \)id.
Ost('oid tum i nto oste(-(-vtes wilh k,1e crlcium.nd c.rlcium
tr(rn BHA. r'rl

coNcLUsloNs

Ihe rr'sulls ol phvsltal chara.l('risti(s t(xt sho$'t\C thnt
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