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Aniek Setiya Budiatin*, Maria Apritiani Gani, Chrismawan Ardianto, Samirah,
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The impact of glutaraldehyde on the
characteristics of bovine hydroryapatite-gelatin
based bone scaffold as gentamicin delivery
system
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Abstract

Obiectlvcsr Biomaterials are widely used as &ug delivery
systems taryeting bone tissue, sirch as to trsat bone infectiors
disease. However, the addition of dmgs to biomaterials
weakens their mechanical properties. Cmsslinkels arc com-
pounds that improve the mechanicil properties of bio
materials. This study aims to determine the effect of
glutaraldetryde (GTA) as a crmslinker on the chardcteristics of
bovine hydroxyapatitegelatin-based bone scaffold with
gentamicin as antibiotics (BHA-GEL-Gm.I-GTA).

Methods: BHA-GEL-GEN-GTA scaffold with GTA solid
content nnging from 0.1 to 1.4 $to/o was made by direct
compression. The compressive strength test was carried
out using autogaph. Scaffold degradation test was carried

out by dissolving the scaffolds in PBS. Scallold todcity was
performed by MTT assay using BIIK-2l fib(oblast cells.
Results: There was a significant difference in the scaf-

folds' compressive strmgth due to di.fiercnces in GTA

volume. Scaffold crosslinked using GTA with solid content
o.l and 0.2 wtyo in 2 mL soluton had higher compressive

strength than those in I mI solution- Furihermore, GTA

with solid contmt 0.6, 1, 1.2, and 1.4 wP/6 showed higher
compressive suength than thce without GTA Degradation
test results showed that cTA inceased the percentage of
weight lo6s and swelling of the scaffoltl The scaffold

exhibited a nontoxic profile in Mfi assay.

€onclusions: GTA with optimum solid content shorvs
great compressive s[ength, stable swelling profile with

rcon!3pordlnt autior: Arlrk S.ttyr Eudiitin, Department of ctinlral
Pharma(y, Fa.ulty of Pharma.y, Airlangga University, Surabaya,
lndonesia, Phone: +62 818 597 732, E-maiL anieksb@yahoo.co.id
L.ri. Aprlllrri 6|ni, ch.i.m.wu Ardi] o, s.mir.i, S.hrili
Yudi.piti.h O.cnt P.tt h, flt oh lubrrok h .nd lrn.idi l(hotlb,
Department of Clinicat Pharma.y, Faculty of Pharmacy, Airlangga

University, Surabaya. lndonesia

low percentage of scaffold's weight loss, and is considered

as nontoxic.

Kcyryords: biomaterials; bovine hydroxyapatite;
compressive strength test; degndation test; glutaralde-

hyde; infectious diseas€.

lntroduction

Bone defect is a serious condition mosdy caused by local
trauma. Every year, more than 2.2 million people need

surgical procedues to deal with bone defects [fl. Osteo-

myelitis is the most common complication due to bone

defects. Drug delivery to the bone for osteomyelitis therapy

is very challenging in the pharmaceutical and orthopedic
fields. This is because the oral route is unable to produce

sumcimt MIC to the bone tissue. On the other hand, the
srstemic route is potentially toxic to othd organs when

antibiotic concentration is too high [2, 3]. Ihus. the

development of biomaterials as an antibiotic delivery sys-

tem with direct targets on bone tissue is increasing [3].
Bovine hydroxyapatite (BHA) is one of the biomaterials

composing bone scaffold with chemical formula and
physical propertiE similar to human bon€ hydroryapatite.
BHA has a carbonate subsutution Broup on the apatite that
distinguishes it ftom synthetic hydroxyapatite [41. Ihe
carbonate $oup is knor n to increase osteoblast prolifer"

a[on, thus accelerating the synthesis of new bone matrix

[5]. Geladn (GEL) is a polymer similar to bone organic
minerals and is usefirl for supporting apatite crystal for-
mation in the synthesis of new bone matrix [6, z]. This
makes BHA and GEL widely used as scaffold components
for bone 6ssue mgineedng. Mormver, the BHA-GEL com-
plex is a potential matrix for antibiotics delivery in the
tseatment of cteomyeliG [3]. Based on the study of
Budiatin et al., matrix containing BHA-GEL is known to

susainably releas€ gmtamicin (GEN) to inhibit the gowth
of StapMococcr.ls aurells in a concentration-dependent
manner [3].
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However, the addition of antibiotics to the biomaterial
weakens tie scaffold's mechanical properties causing
premature degradation [8]. Therefore, to improve scaffold
mechanical properties, a crosslinker such as glutaralde-

hyde (GTA) is needed to induce chemical bonds in the
biomaterial polymer chain [3, 9]. GTA is a dialdehyde
compound which has a very reactive aldehydic group. GTA

causes covalent bonds with amine orhydmxyl groups on the
polymer biomaterial, which increases the sca.ffold's me
chanical strength [], 9, lol. t: contrast, there is no enough

evidence about the impact of GTA on the characteristics of
the BHA-GEL-GEN-GTA scaffold. Thus, this study aimed to
determine the effect of GTA concmts'ation in BHA-GEL-

GEN-GTA scaffolds on compressive s&ength, degndation
(weight loss and suelling profile), and scaffold's toxicity.

llTT assay

Eigbt gtarls of BHA (Airla[gga University, Indonesia) with 1 I of GEN

(Yantai Justawar. Pharmaceutical, Orina) were stirred in the Boltar
ultil homogeneous. Ther, 20 rvto/o GEL (Cartioo,lhailand) was added
in the mixture. After that, GTA (Merck, USA) with solid content of 0.1,

0.2, 0.4. 0.6, 0.8, 1.0 1.2, atrd 1.4 wt{j6 ftom GTA 25 wt<F r{a.s added on

the BHA-GEL-GEN by spraylnS on the Etixture $hile stiring until
homogeneous. Alter forming a deDse mass, tlte BHA-GEL-GEN-GTA

mixture was sifted with a mesh size of 1.0 mm. The granules obtained

were then dried at l7 .t for 24 lL After that, as much as lO0 mg of
granules were weighcd and press€d into scaffolds.

Compressive strength test

DE GRUYTER

in an incubato! at 50 "C for four days. After fout days, the frnd scaffold

was weithed (md). The percenhge of scaffold weitht lo6s and
svrellint are calculated based on [U]:

x 100, Swellhg(%)

x 1o0 [u]

Here m is the weight of deg"aded scaffold measued at t time, mi
is the initial rveight of the scaffold, and md is the final weight of the

scaffold (degraded scaffold afte, drying at 50 'c foi four days) [121.

The cdl (hat used for MTT t€st uas BHX-21 Ebroblasts. Ihe BHX a s1rs-

p€trsion was placed into a 9cwdl (50 trl"h{e[) plate and added with
DMEM nredia as much as too [Lhedl. The 96we[ plates 6led wilh cels
ur€re then inclbted in a CO, incubqtor (tempenrure , "C for 24 h). Aftef
24 h, scaffolds dlat previously s@dled rarcre it6sted into ea.h wdl
(2 m&\rdl). the 96ue[ plate that akEedy cmhined BIfi z cel and

scafold poredE Olen irolbated ffi24 b" After24 lL the reoraining powde!

in the well was rctDoved- and &e well washd with Ptss Futthr(Eore.
DMEM media ivas added to the well, fonor^,ed by Mm 0LlIeI), cels
th6r wtle inorbated for 3 lL Aft€! tbaL DMSO r,as added to dle lxEll

(5o IL/we[) ard inotbated for ano0ld 5 rBin. Furth€rttrore, the ab6or-

b6nce (ab6) $as rcad by ar E SA reader (IherDo Scientiic, USA) at a

r|avelen8lh d 620 ruL The cell viability uas calculated bes€d on l13l:

Ah6 tYeatrnent - Absmedia
cellviabifiNroi) = 

- 

< loo nll
Abs contlol - Abshealia "

Material is non-totic when the cell viability is more than 50% [14].

A study abolt GTA concmtration on the compession s0ength

and degradatisn of BIIA-GEL4EI-GTA saffolds was done.

Before the compressive sI€trgth te$ was carri€d out" a test wirs

conducted to oFimize GIA solution volume. There was a
significant diffennce in the sraffokls' compressive stength
due to diffs€nces in the crosslinker solution volume. The

scaffolds that w€rc crosslinked using GTA with solid content of
0.1 wplo in 2 mL soluti@ showed a higher compressive

stength thar thce with the same solid content in I mL solu-

tion (One Way ANOVA" p<0-m1; Figure 1A). Similarly, scaffold

sosslinked using GTA witr solid cont€nt 0.2 wt0/6 in 2 mL
solution showed a higher compressive sf€ngth than thme in
1 mL of solufion (One Way ANOVA p<0.o5; Figure 1A). thus,
the volume of 2 hL GTA solutidr was us€d foa the next

erQ€rim€nt lrorcsr,€(, GTA with solid content of 0.6, 1, 12 and
1.4 wP/o increas€s the comgessi/e fength of scafiolds (one

way ANOVA p<O.01 vs. BIIA-GEL-GEN; Figue 1B).

Furthermore, degrarlation test was caried out to see

the effect of GTA concenEation on scaffold degadadon.

weicht ross(%) = (t*s)
/rn - md\

-\-]0 /

Before the comprcssive ste"nSth was coD(fucted, th€ scaffold bodfs
diametg and lengh are measured using a micrometer to calculate the
scaffold's suihce afta The comprcssive sengtharEs Eeasured using

a calibRted auloSraph *fiich previously calibrated (Shiamdar AG10
TE lapan). Cohpressive suength G calcdated bas€d on (he fofinula

o = 1$ Irr).

Degradation test

The initial scaffold weight (rdi) rras weighed belore the deSradation
test r/eas conducted. The PBS solution was prepared b!, mixing 0.7075 I
of NazHPOr,, 0.118 g of KHrPOa, and o.9 I of NaCl into loo mL of
distilled water. Futhermore, the pH of Ore solution was checked using

a pH met€r (PBS solution has a pH of 7.4 r 0.2). Alter that, 2 mL of PLS

solution was inseted, each inlo the 5 mL venoiect The scafrold was

then ins€ted into a venoiect containing PBS and incubated G71 1 'C).
Aner L Z 3, 6, aDd 12 b, the s.afiolds $ere takeD and dri€d with flter
paper until the PBS fluid on the scaffokls did not remain. After the

s.affolds dty, the s.affolds are weighed (m)- Next, the scaffold was
reh.med to the venoiect containinS the new PBS solution and placed

Materiats and methods

Fabrication of BHA-GEI-GEN-GTA scaffotd

Resutts
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The degraclation test results, namely percentage ofweight
loss and swe1ling, are shown in Figure 2. Based on the

weight loss percentage profile (Figule 2A), t}le increase in
GTA concentration causes ar insease in the percentage of
weight loss ftom scaffolds. The scalfold swelling profrle

shows that the ilcrease in GTA concentration also in-
creases the scaffolds' swelling (Figure 2B).

Considedng that GTA is a toxic compound, MTT assay

was carried out to examine the effect of GTA concentration
on the viability of BHK-21 fibroblast cells. Based on the
results, the viability of fibroblast cells in each $oup was
103.183 I 7.504, 13A307 r 8.810, 124.089 t 11.314,

86.510 L 2.793, atrtd 96.Ol1Eo i 5.588 respectively fot
BHA-GEL and BHA-GEL-GEN-GTA with GTA solid content
of o.o, 0.1 and 0.4 wt% (Figxre 3).

Discussion

GTA is a dialdehyde compound with a very reactive alde-
hydic group and form covalent bonds with functional

-+ 0-4 *i%
+ 0,8 wtTo

0.8 wl%
+ 1.0 wt%
-.- 1.2etl%

BHA€EL O.O O.I O.2 NA

GTA Solkl Conlent (wtyo)

tigurc 3: The results ofthe BHA-GEL-GEll-GTA scaffold toxicitytest
with different solid content of GTA. Allgroups tested had cell
vlabitity above 50%.

g:oups such as amines and thiols phenols, hydroxyl, arrd

imidazoles [1o1. Because of this, GTA is widely used as a

Gosslinker to incease the mechanical sEength of bio-
materials [9, 1o]. The present study showed that the volume

of GTA solutiou affects the compressive shength of scaf-

folds, even with the same solid content of GTA. This is
possibly because an increase in the volume of solution

-+ 03 wf%
+ 0.6 wl%

0.8 wt%
-.- 1-0 wP/6

+ 12 wl%
-* 1.1vtt'h

:loo

zn

, -Y

0
1?3€12 2 3 6 12
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B

Figure 2: The results o{ the BHA-GEL-GEN-6TA srafiold degradatioh test.

Per.entage of scaffolds' weight loss (A), percentage of scaffotds swetling (B). Ea.h point 5hows the mean weight loss orswelling l SEM ofthe
two scaffolds.
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line with the study conducted by Bharatham et al. that the

use of 46 GTA as a crosslinker was considered as nontoxic
based on MTT assay [r8].

Conclusions

The present study found that the infiease in GTA solution,
the better the effciency of the crosslink formed. Further-
more, the increase in GTA'S solid content leads to an in-
crease in the sca.ffolds' compressive strength. GTA with a
lower solid content showed stable swelling profil e with low
percentage of scaffold's weight loss. Based on the toxicity
test, scaffold with the optimum solid content of GTA is

considered as non-toxic. Therefore, BHA-GEL-GEN-GTA

scaffold with optimum GTA solid content is potentially
investigated in ftrrther in vivo study with bone infection
animal model to test its effectiveness in delivering GEN.
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