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Abstract

Obicativas: [riomaterials are $idely used a( drug dclivery

s)rtems targeting borp tissue, such as !o t eat bone infectious

dise:rse. However, the addition of dru8s to biomaterials

',!eakea!s tlFk ,rEchalical popertias Crosdinkss atE com-

Erunds thli inluure lhe methanictrl proptrtits uf bir.r

materub. fiis stldy aim5 to <he#rr th€ efiect of
Slutdldldelryde ( GIA) a.s a crusslinker on the chararteristics of
bovkp hydroryapatilegehtu-bas€d bone scafold wlth
gentamicin as antibiotics (BHA GEL 6nl GTA).

Irlethods: ITHA,GEL-GEN,GTA scaflold wirh GIA sollt
conlent ranging from O.l to I.,,r l{tgt was made bv direct
compression. Ihe rqmpressire strength test was i.:dlried

out using autograph, Sraffold degradation testnas caried
out bydis$lving t he s{ a ftolds ifl PBS. ScaJfold toxicity was
performed try MTT assay using BHK.2l fibroblasl eells.

Resuts: Tttcrc was a signihcait diflerence in the scal-

folds' compressive strength due to dillererres in GIA
voltune. Scallold crosslinked using GTr\ wilh solid (UDtent

o.l and 0.2 wtgi) in 2 mL solution had higher compressive

strength lhan those in I mL solution. Furthcrmorc. GTll
$ith solid content 0.6, l, 1.2, and 1./r Mo/b shored higher
( 
'rmae5sivE 

llrcnsth thdn thuse wilhuul Gl A. DeRrddatiun

test Fsults show(d thal GTA incrcased the parrentage of
$reight los's and s$ellin8 of the scaflold. The scafold
erfiibited a rontork pioile in MTT assay.

Condusions: GTr\ with optimum solill rontenl shows
great compressive strength, stable swelliqg profle with

l(etryord5r biomatedals: bovine hydrorldpatile:
compressilc suength testi degradation testt glutamlde-
hyrle : inleetious disezrse.

lntroduction

Bone d€fed is a serious cordition movly (auied by local

trauma. Every year. more than 2.2 million peopk need
surgical procedures to deal with boEe defects ltl. Osteo-

myelitis is the mosl common complietion due to bo[e
defects. Drug delit€ry to the bone fol osteomlelitis therapy
is very challenging in the pharmaceuti(ul and orthopedic
ields, This is because the oral loute is urEble to produce

sulncietrl l\,llc to the boDc tissue. On the other hand. the

slstcmic roule is potmtially loxic lo other orBans when

antibiotic cuncentrdtion is loo hilah 12, ll. Thus, the
developoent oI biomaterials as an anlibiotic delivery sys-

tem wilh dired largets oD bone tiJsue is increiuirg l3l.
Bovine hydroxyapatite ( BHA) is orle o t the biornaterials

composing bone scaffold with chemical formula and
phlsical propertiei similar to human bone hy&oxyapatite.
BH]\ has a .arborale sub6titulion Broup on the apatite thal
distioguishes it ftom synthetic hydroxyapatite l4l. 'Ihe

carbonate group is k$rwn to ir(-^rease osteoblast prolifer-
ation, lhus accelerating lhe synthesis of new bone matrix

l5l. Gelatin (GEL) is a polymer simila! to bone orgarlk
minerdb and is useful [r-rr supporting apatite crystal for-

Eation in the synthesis of new bone mahix 16. 71. This
malie! BHA ard GEL iridely used as srirllokl (omponeuts

for bone tissue engineering. Moreover, the BHA-GEL com-
plex is a E)lential matdx for antibiolics delivery itr lhe
trcatrnent of osteomyelilis []1, Bas€d on lhe study of
Budiatin et al.. malrix cootaining BIIA-GEL is known to
sustainatrly release gentarnicin (GEN) toinhibit the growth
oI St(phyio.occus {u/er$ in a conce rution-depeDden!
manner lll.

ffi*aing.utt or, rniek s.tiy.8.,diiri n, D€9arine.r or (rini.ar
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Yudlipriirh DrCllg P.ttrn. titroh ,rrb.roklh ad ,un.ldixhotlb,
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Howryer, the additicn of antibiotics to ttE bbEderial
makens lhc scaJfold's mechanical propenies causing
preEatur detG(hlion lEl. Therefore, to improie s(zffold
m$haniri prolxrties, a (osslinker su(h as glutariilde-

hyde (GTA) is rr.eded to induce (hemical bonds in thc
bionralerial polynrer (hah [], 91. GIil is a diaklehyde
c!mpound which has a wry reatlive aldehldic group. GTA

cil uses ( ovalenl bo nds $'it h amine or h,.droxyl gDup6 on t he
polymer biomaterial, whirh ir!:reases the scaliold's me-

chari(?l strength 13, 9, tol. In contrast, there is no eflrugh
evidence about tlr impd(l of GTA un lhr hdrar lerisLir\ ot
rhe BHA.GEL-GEN-GTA scafrold- Ttrus. 6ls study aiEed to
dElerEir the effect oI GTrl (orl-enualion i,r BIIA-GEL.

GEN-GTA s.'affolds on compressile strength. degrndation
(weight loss and $wr:llillg plrrrile), ard scaflbll's toxicity.

lrTT a5ray

Materials and methods

F.bricelion of BHA-GEL-GEL6TA s.atrold

OE GRUYTER

Eia irr$rmer t "c trr t)ur drF- Afr€rfqr. days, tb 6nal s.atroH
$ar $'(iBhod lmd). Thr pcncrtago of s.affold $righl l6s and

ireUins a't. (ak ul.r.d bas€d on lUl:

. lrxr l.l

(

(

)

)

Edrt rramr of BHA lAirlan8sa University. IndorFsia) wilh t I ofGEN

n'antii lust $arc pharme@ti(al. China) r'cre stired in rhc monar

uoril horESlnou1 Then. 20 wi.?i GEt {C-.nino. n}a ilard) was addcd

in rhr. Inrrltrrc- Afttrrhar. GTA (Iterr*, USA, rith solid cmtcnr ol r).1.

o.?, o.4, l].6, o.8, l.o 1.2, ard L4 k_t% fiom GIA 5 rlci, $a! add€d Crl

rhe EtlA GEt.GfN bv rpravini on ih€ mir:lur. while stinini unlil
homo8cnlrus. Aftcr formrn8 a drne' ma!s, th! BliA GIt CEN GTA

mirtrre lt?s silted wirh a rEsh size of l.o mm. The traou 16 oblained

\Nft thrr driod Ji C f,r.l4 h. Ahtr thar. as mu(h as lrri, mg ot
ganuL's y,!rt weiShad and p.essed in to s.aftulds.

strength test

Berde .b @oEt'tirr crfih r! cotrduded, rh rcalbld bodyb
dra,Ilcltr and I enrth arc mearurd lsirg a micrsrrlE lo (alculalc tbc
xB6dd s sultircc arca" Ih€ comFcs.*vc s&qrgth B'es m€anrrEdusrot
a calibai0d aurotraph whiEh pr.aiously calibraled (Sldedru AGlo
II, Japan,. Conpi(ri!. rrreDslh is cakulaldl tEFd on fic fonnula

o = , $,,lnl.

Octr.d.tion l.5t

Ihe iniial {affold w€ight (ml) was Aith€d befaE &e detradalial
tesr ri &{ condu. r.d. "tt PBS sol ution lEs prEparEd by mixinc O.7r ri'i g
d IJPO., O.IIE fot XHIO.. .Dd O.9 r d li.O inro l0O oL ot
dildl lcd $!te'. funh€rmrre. the pfi ot th€ -lohtion rys! rhe.led usinE

.pllmcler(PllSsolurionhaa pllof 7.4 -o.2).Atrrrrhar,2mloi IBS
i{rulion was irupied, earh into ihe 5 rnl ipnopd. Th€ s.att'ld was

rhcn inscnod inroilcnoied conhinins PBSandin(ubat(d{ i7,l C).

AIr€r t, 2. l, 6, and l,l h, rh€ *efdds were ra*en and dned wih frIE
pancr ntil lhc PnS fiuid .rn thc s.affo]d! did rot rcmain. Atcr lh.
s.afolds dry, rh€ \rafktlds aro $oithfd (m). Next, lha scafrdd was

renrm(d ro rhc vcnc,i.rt cDnrahirs rhe nel^ PBS ldurion and placd

E
ll{rr mtr th. t!riEht of tu;rad{d sratrold m.asur.d at t tlmc. mi

Marerial is mn ll,ric whcn th€ cel viability Is rDre l han s(lfo Il4l.

Results

rl st udy ab(nr t G fA concenEaticl on the (I)mplessi(nr grglgth

ard degradatbo d BHA{ELCEI{IA rafiolds wa dqr.
Bdore tlre rumprersirt strcnglh t(5t rra! calried oul, a l(: t w.5
(Indurt(rl to oplimize GTA $luli(rr volunE TlErc wal a

signifi(anl dilfere&e in lhe s(atrokls' cornp.essiw $r€rlgth

drE to ditrerEEes in tbe (rGgliolsr sohxioo vohrDe. TtE
scallolds that werecrosdjnked usiDg 6IA wirh solid co mloa
0.1 wt)r in 2 rol sdutbn stprcd a higlEr (oryesive
sfength tban lk)se with lhe satm so[d cqrtefl in I rnl solu.

ltun (OrI. W'ay ANOVrl, po.oor; FiSure 1A). Simihrly, s@Iloll
crcslinked using GTA with solld cottlsrt 0.2 wp6 i, 2 mL
sdu(k}n showed a hiSher [onpre$ive strerEth than frc6c in
I n[ olsolulion (Ore wav ANOVA, p<0,0sr Fi$re lA). thus.
tlre urlume oI 2 mL GIA $luti(Ir vr-d uss! b! the rrext

experimen(. Mfieover, GTA with solil contmt of 0.6. l. LZ and

l./l wt9i, incrEas6 th€ (unprcssivc strenglh d scafidds (ore
!,!ay ANOVA, p<).ol vs BHA-GEL-GENr Frar rB).

Furthermore. degndalion test was cafiied arut to see

the efu of GTA cucertdion on scallold dearadation.

ir tlle inilhl ${i3hr ol thc \. aft'rld. and md is tht 6nal il,ughr d the
*-afiold (d€Snded sraffoldaftetdrrn8 al 50"Cfqfi[, d,.]r) lt2|.

Th. .r! ur rl'({l fu UTI cr $ar EHti 2l Eb.'Uast'. T}lr BHI 2l {r5
posr@ wss ph.(d rnt) a 96 rrl (5o gf/rltU) plate eod sdd widr

DUE mdi.. a5 mrn a6 l0o !Uri[ Tlrc 96 $en pbhs 6led wifi (tls
!.irre lh.'n incubar.d io a m: irrubatr (t@F alu(' ii C f(x 2a hl. :ltcr
]4 lL raffi.ls dDl previru{y s,ldH rere ilren€d inro e.dr lidl
U mgsoll,. I}lc !r! $a{l pl.rc rhar alr@d} o ainr{ BllX ll ca'll ard
s.afold F.dBr drdt irEuhl€d fo 2a tL AnEr & tr dle rqnajnilt p(,rder
in &c t ,ell !.ai t[mcad. arrl the w€ll *'arhed wih PF. Funh€rmqe.
OITEM mdia $a. a.Ud ro the lidl, tdlors{ by MIT Url,\rtlll elrs
ther! x/rr Lr16.rrd fu ! h. lier th*. Dltso B add.d io lhe nll
( ,|rl/1r..lllld rmubaled lol anotlpr i min. [unhemrc. the ahror
b.rEe (abd ;;s r!.d by E EJs n &r (ThgD|o srisxilrc, US{) , .
wlltrlralh of 6!, ED. Tlr cdl vialility yi?s cal(Ulaid baid (,r ll ll:

Abt(nlt,,Et - lhEmedie
cell viat ititvt..l _rlm tlll' -lb!(ontrol Abs rEdia

B,,p.c{r.
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E!l,.t Op lim.lbn o{ the volu me ol GTA solrtion on thc s.. trold's (omp.e siire ltrengm. SolrO conreotR!*al3tt o, GTA (rt%) !o fia tdtal
waighl ol tnr !.Jtold.
..p< 0.m1, .9<0.0t (A).Ih€ (ompr€5sav. r5.n!thte5t resuts ol s..tlolds olh dilt€rrnl rolad.ont.[t ol GTA (.tlin 2m0 (B). ta(h bar

repre!€nts tie nr"a n - StM rompiellive sf€ rEth ot th€ fi\,e :(i{lo ld!. 'p.O.O1 romp.r€d to 8tiA.G [t GEl,l . Th€ rtatirlicat tet u:ed in both
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Fgu.2: The resulrs o{ th€ BtlA-GEL.Gt .6rA sGfiold dB,adalion r€st.
P€r.e.E!oIs(allolds'weightloss(Al,p!r.!trtaleo,srrloldssrellnt(Br.tachpoinlshowtlh€lmaowcrgNlossorsywllinttSE ofthe

The degradalion test resulls, namelv p€rccntagc ofweight
Ioss and suellinH, are shorvn i[ Figuae Z Based on thc
$,eight loss percentage proEle (Figure.tA). the rrcrease i.l
GTA (ooce[Sation (ause:, an iE-rease i! the percenlag€oI

weight loss from scalfolds. The scallold swelling profrle

shows thal the increase in GTA concen&alion also in-
creases the scaffolds' swelling (Figure 2B).

l-rnsidcrins lhat GTr\ is a toxic Eompound, l\tfi assay

was laaried out to elamioe the effect of GTA concertration
oD rhe viability ol BHl('21 tibrohlasr cells. [tased on thE

results, the viability of fibroblast cells in each gpup was
t0l.38l - i.i04. 118.107 - 8.810. 124.049 - |.3t4.
86.510 r 2.791, and 96.olt% 15.5a4 respectively fot
$ltA-GEL and BIIA-GEL-GEN-GIA vr'ith GTA solid @nlent
of O-O, 0.1 and 0.4 r./t.o/o (Figure l).

s

,!

200

r50

16

,0

'r

0
axA€Et 0.0 0.t 0, 0.4

GTA Solil Content {wt%)

filuEr: The 
'e5ir[! 

ol the BltA.G€t.Gt 4TAs(al,otdtorkityte!!
with difterent solid(ontertol GIA" Alt troups tesred had cell

viabilily ibov! 5O%.

Discussion

groups suth as amines and thiols phemrls. hydroxyl, and
irnidazoles tIOl. Ile(ause of this, GLA is widely used a5 a
erossliriker to ir(rease the me(hani(al strenglh of bio-

nralerials 19, l0].Thepresent sludyshowedlhat thc volume

of GTA solurion afects the compressive stre[gth of scaf-

lolds. eve! wilh the satDe solid content ol GTA. This is
possibly because all increase in lhe volume of solution

GTA is a dialdehyde c{rmpourl irith a very reactive alde-

htdic sroup ard forrrl covalent bonds with furctional

. r l,n, GrJ0 r (h, dJo., (, r d)o ? ri ?ir,
OI Solld Cotri.rr (rl?.)
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incaeases cootact area between the scaffold atd GTA,

which may speed up lhe chemical rcactions and increase

the formation of cro6slinL lhus the prelrnt dala indicates
that an intrease in GIr\ xrlid {jolntcnt increases the
(1osslink formed

The compressive strength test resulls showed thal GTI
with solid contenl of 0.6, I, l.Z and 1.4 wt9t, had higher
coopressive slrength value compared with the Sroup
wjthout CTA. Ihis hiBh yalue in compressive strenghmav
in(reasc the ph)sical performancc Ior (lini(al Lrse.llis is
ln line h,i& the research conducted by Pinto et al., which
states thatincrea$i[g theconcenlntion ofGTA causes an

increase in thc suength ol chitosatr-bascd scaflold ll5l.
GTA is a.ompound that hi{hly soluble in lraler 116l.

Thercfole, even the compressive sttength increase due to

the increas€ inthe GTA solid content. does not guarantee

th€ decrease in degradalion of tie scaffolds io $ater.
Thus, the *affold degradation test was performd. The

test results indicated that an increase in the solid content
ofGTA led to arl increase i[ the percentage weight loss of
ssallolds. Futthermore. the s\Nelling tesi showed that an
increase in GTA'S solid (ontent also led to an inclease in
the peftentage o[ s(a[fold lwelling. This is berausc an
increase i'l 61A's solid conlent may incrcase the volume
o[ $aler drawn by the srallold, thereby inrreasing thc
percntage of scallold swelling and weight loss [161. the
swelling (apacity o[ a scaffold is one lactor lh t rupports
nutrient diffusion and cell adhesion to the biomaterial.
llo$ever, cJicessive swelling diminish the scaflold's
luechaDical i rtegrity, which causes premahrre degrada-
tion btlore the cumpletia,rl oI the new bone matrix syn.

thesis [t71. Ihis may eliminate the scaffold function in
txrne remodeling. ln addition. premature degradation
may also be toric to the bone tissue microcnyironmert
becausc GTA arld the deliveled drugs are highly released

l9l. ln this study, srallolds that are crosslinked usint
GTA wilh soli(l ronlent oIO.4 $rtoi, had a slable swelling
prcile with a low percentage of weight loss. Prcsent
firding indicates lhat the scaffold has an excellenl ca

Frcity to absorb fluid and may not experience prcmature

degtadation in vir'().

To eramilre the loxicily oI the sraftold, the MTT a:isay

was carried out. Based on the rsdts, the g 

't)up 
rdth 0.O \1'P/o

GTA showed the higheil cell viability. Ihis wari berausc

there was no GTA present on lhe scaffold. so the metaboli(
activily was not disturbed by GTA, lhus makirlg cell pro-

liferation run well ll0l. [urthermore. th€ addition of GTA

demo[strales ccll viability above tolo in the $lid contcnt
of GTA up to o.4 wp,'o. The present data indicates that the
addition otGTA lo the s.a[Iold may not disluIb theactivily
of cells invoh€d in the botle tissue legeneration. This is in

tlrte witfr Ueguav conarcted hry BhaIatham et al. that the
$se oI2qi GTA as a crosslinker rras considered as ronloxi(
based oo MIT as$ay [lEl.

Conclusions

The present sludy found lhat lhe incrcase in GTA s{rluliol'I,

the better the effrcieocy of the crosslink forrtred. Funher-
mrlre, the incr€ase in GTA's sr-rlid (untenl leads lo atr in-
crease in the scaflolds' comFessive streogth. 6-TA with a

lower solid(.ontcnt showedstable s$elling profile with low
percenlage ofscaffold's weight loss. Based on the toxicity
tcst, scaffold with lhe optimum solid (ontent oI GTA is

roosidered as non-toxk. Thcrefore, BHA-GEL'GEN-GTA

scaflold $ith oplimum GT,l solid (unlenl is potentially

investigated io further in vivo stL&ly with bone iilection
animal model to test its effectiveness in deli!.erirlg GEN.
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