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ln vivo study of bovine
hydroxyapatite- getatin - hyd roxypropyI methytcettu lose

with alendronate as injectabte bone substitute
composite in osteoporotic animat model

Aniek Setiya Budiatin,
Maria Apriliani Gani,

Bulan Rhea Kaulika Hadinsr Putrl,
Semirah Samirah,
Dyah Hikmawati,

Alfan Pramudita Putra,
Nily Su aidah, Junaidi Khotib

ABSTRACT
Th€ injectable bone substitute (lBS) is o sef-setting local drug delivery system that
adiusts th€ shape of the bon6 gap in th6 tracturs. This study aimed to 6xamin6 the
eftectiveneEs of IBS cqmpositss ofbovine hydroxyapatit€ (BHA) and alendronate (Ale)

in accolerating bons groMh in osteoporotic rats, IBS wa6 made by mixing BHA with
golatin 5%, hydroxypropyl msthylc€llulose (HPMC) 2%, and Ale 10o/.. Tho physical

prop8rtio6 of IBS w6re visco6ity. inioctability, and d€nsity l65t6, Twonty-tour f€male
Wistsr r8ls wsr€ divided into four gloups. Aft6r 8 w66ks, 2 mm gap was made in the
right fsmur ot all rats and ,illed whh lBS. Th€ h€aling process wa6 obssrved aftor
6 weeks with X-ray imaging and H and E staining. ThB ohained r€sults showed viscosity,
iniectabllity, and denslty value of IBS ,rom 30.4 ro 39.4 dPa.s,98.22yr-98.64o/o, and
0.6325-0.8409 g/cm3, respoctively. X-ray imaging and histology results proved the
condition ofosleoporo6is in rst6 with ovadoclomy. The addhion of BHA-Ge|-HPMC-Ale
signiticantly alf8ct8d tho numbsr of osteoblasts, oslsocytes, and osteoclasts (P < 0.05).
After 45 dsys ot obsorvstion, th6 addition of BHA-Gol-HPMC-Alo showed the highest
maan numbsr of o6laobls6ls, oslsocytos, and ostsoclo6t6, which were 25,00 t 3.00,
64.3 : 11.15, and 5.57 a 0.58 compared to BHA-GeIHPMC and positive convolgroups.
The BHA-Ge|-HPMC-A|e IBS h8E the potential to reverae osteoporosis. Nevenheless,
ths undcrlying potenlisl ol thoso biomate.ials to rev6.6e osteoporosia n€ed6 furthBr
research.

Kay rordr: AlsndronEte, bo\rins hydroxyapatite, fractura. injactrbl€ bone substitut€,
ostooporoais
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Osteoporosis is a systemic disease c*Eracterized by a gradual
decrease in bone density (T-score <-2.5) and the damage to
the bone tissue microarchitecture, lesulting in an increase
in bone fragility and the risk of fractures or large fractures
gap formation. Osteoporosis occurs due to an imbalance
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between osteoclast and osteoblast activity, making the
resorption process higher than the bone formation process-
Data from the Intemational Osteoporosis Foundation in
2015 stated that 1 in 3 women and 1 in 5 men experienced
an osteoporosis-related ftacture at 50 years woddwide.tr'3|

The injectable bone substitute (IBS) is a local drug delivery
system that adapts the shape of the bone gap to fracture, a

minimally invasive treatment method, and an altemative
route for delivery of high drug concentration.lr,sl The
iniectable system was aimed at the bone gap due to
osteoporotic cases, which contained inorganic and organic
components that resemble the structure of the bone
maEix.16'4

Alendronate (AIe) is a bisphosphonate drug used to
prevent and treat osteoporosis. There are two mechanisms
oIAle acting as arr inhibitor of the fanesyl pyrophosphate
synthase enzyme. This mz)rme increases osteoclast activity
and binds to calcium from bone hydroxyapatite. As a result,
osteodast activity Ior bone resorption decreased.lsl In oral
use, Ale has low bioavailability (1%-5"/.).ln addition, it
also causes side effects, such as gasEointestinal disorders
and osteonecrosis of the facial faw, if consumed for a long
time.lrzel

Delivery of Ale in the bone tissue canbe supported by bovine
hydroxyapatite (BHA). BHA is hydroxyapatite from bovine
bone, which has chemical and physical properties similar
to human bone. Besides, gelatin (Gel) is a polymer that
resembles an organic component of bone tissue. BFIA and
Gel help accelerate bone growth in damaged bone tissue.lz
In additiorl hydroxypropyl methylcellulose (HPMC) is an
inert, viscoelastic pol)'rner used for controlled delivery.urol
BHA4eI-HPMC composite could be an excellent delivery
system for Ale in the bone tissue.

This study aimed to examine the BHA-GeI-HPMC IBS
composite in osteoporotic bone tissue engineering as a

filler to stren8then bone mechanical propelties and Ale
delivery system.

MATERIALS AND METHODS

Synthesis dan characteriza ti o n of iniectable bone
substitute
The IBS was synthesized by dissolving Gel powder 5% into
distilled water at 40'C for t h. BHA was added to the Gel
solution with a ratio of45:55 and stirred for I h. Then, AIe
was mixed with the BHA-Gel solution with the composition
of 10% &om the mass o{BHA ineach sample and stirred until
homogeneous. HPMC 27o (w/v) was dissolved with distilled
water at 90"C until the temperature des€ased to 40"C. The
HPMC solution was poured into the BFIA-Gel-Ale mixture
at 40'C and stirred for 6 h. The physical characterization
was carried out by using a viscometer.

The iniectability test was carried out by inserting the
suspension into a 10 ml syringe with an inside diameter of
2 mm and a 1.2 mm inner diameter syringe needle within
2 min $,ith variations of temperature: I 5"C 25'C, 35"C and
45'C. The setting time test was carried out by iniectint IBS

into the HA subsEate, then observing the setting prtxess
that occurred. The injected suspension in the HA substrate
was conducted at 25oC close to room temperature and a5'C
close to body temperature.

In z,i?o test
2OA-25O g 3 months old Wistar rat (Rrtfus roroegicus)
were used in the experiments. This research has been
approved by the Ethical Cornmittee in the Faculty of
Veterhary Medicine in Airlangga University, Indonesi4
with reference number 2.KE.075.05.2018. After an
adaptation period of 1 week,24 rats were randomly
divided into four groups: control negative group (healthy
group, Pl), control positive group (P2), BHA-GeI-HPMC
Group (P3), and BHA-GeI-HPMC-AIe (P4). The
positive control group underwent ovariectomy
without bone filler. After 8 weeks, the pre-surgery
treatment was performed by anesthetizing the rat with
ketamine (25 mg/kg) and xylazine (8 

^gAS) 
I. M in the

left leg.lrll The incision in the abdomen was performed
through linea alba. The ovarium was removed, and the
open abdomen was sutured. The osteoporosis took place
after 8 weeks.

AJter 8 weeks of ovariectomy, the treatment of bone flller
was perfomred by anesthetizing the rat.lru The fracture was
made on the rat's femur in the lengthwise direction and
incision was performed in the femur until the bone. The
drilling on the bone was per{ormed to make a hole with a

diameter of 2 mm. The IBS was then in ected into the hole,
and the opened skin was sutured.

Histopathology
After 6 weeks of bone filler iniection, the rats were
terminated by using ether anesthesia. The femur bone
was stored in the 10% BNF. Bone decalcification was
performed in 10% Ethylenediaminetetraacetic acid
solution. The bone cell observation was observed with
H and E (HE) stainin& and the bone gap was observed
radiologically. The bone cell observation included
osteoblast, osteoclast, and osteocytes. They were
observed under a light microscope with a magnification
of 40O times.

Statistical analysis
Results obtained are showed as mean i standard deviation.
Independent sample l-test was used to evaluate the
dif{erence k$,een control positive and negative group.
One way analysis of variance uras to analyze osteoblast,
osteoclast, and osteocytes scoring. P < 0.05 was stated
statistically signifi cant dif f erences.
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RESULTS AND DISCUSSION

Iniectable bone substitute characteristics
The viscosity te6t wa6 carried out to determine the thickress
of the suspension ry.nthesized as a function of temperature
and errsure the viscosity of the HPMC suspension viscosity
standard value of 2% (w/v) as a bone substitute applicatior!
which is 40 dPa.s.ll The IBS viscosity test results obtained
viscosity betwe€n 30.4 and 39.4 dPa.s. The yiscosity of IBS

and the temFrature of IBS greatly affucted by injectability.lsl
Thepercentageof iniectability isbetween98.220/" and .64"/"

at 25" C-35oC was able to set and increaEed the substrate
density from 0.6325 g/crr3 to 0.8409 g,/cn3 according to
normal bone derr,sity. The physica.l properties of IBS allowed
IBS BHA-C,eI-HPMC to be applied to treat osteoporosis.

.{natomical pathology test r€sults
The results of X-ray imaging on the rat's femur after 6 weeks
in the P1, P2, P3, and P4 groups are shown in Figure 1. The
gap size was calculated using ImageJ v1.,l4p software, as

shown in Table 1. The results showed that osteoporosis had
ocorred in positive control. In addition, the results of the
analysis of P2 showed a significant differencr (P < 0.05) in
the bone gap size compared to P1 [Table 1]. Ovarieclomy has

been shown to cause osteoporoois. The ovaiiectomy triggels
excessive osteodast activity, which causes an imbalance of
bone remodeling promotingbone rcsorption and decreasing
bone regeneration.lr2l Osteoporosis-related estroBen
deficiency suppressed the osteocyte life sustainability
and disrupted the physiological response of osteoblasts
for mechanical stimulation, damage detectio& and bone
r?ail.lr3l

Moreover, as shown in Table 2, the poeitive control groups P3

and P4 were not significantly different (P > 0.05) in comparc
to P2. Ale concentration 10% in BFIA-GeI-HPMC used was
less than optimal for the balance of bone formation, and the
lack of observation time affects the number of cell growth.
Ale would suppress osteoclast actiyity excessively which
made bone remodeling suppressed and decrease the bone
formation and caused a delay in bone grafting.lr4rtl 'Jhe

observation's times played a vital role in assessing the

effectiveness of Ale. Based on the remodeling process, bone
takes H months or years to cpmplete the fully regenerated

bo{re sttucturE.ItrBl

Observation of bone cell growth was also carried out for
the femoral gap through a histopathological test with HE
staining. The ells obsewed induded osteoblast, osteocyte,

and osteodast with a magniEcation of x 400. The results are

shown in Figure 2, and the mean numbers of osteoblasts,

osteocytes, and osteoclasts between treatment groups
are shown in Table 3. HE staining results showed the
number of osteoblasts and osteocla6t6 in P2 significrntly
different (P < 0.05) compared to P1. The average number
of osteoblasts in P2 is 14.33 t 2.52, while the avetage
number of osteoblasts in P1 is 9.m t 1.73 and the average

number of osteoclasts in P2 is 10.001 2.00. The number of
osteocytes in the P2 was not si8nficantly different (P > 0.05)

compared to P1. Based on the result of the independent
t-test in P2, the addition of BHA-GeI-HPMC-AIe (P4)

signficantly affected the number of osteoblasq osteocytes,
and osteodasts (P < 0.05). Alter 45 days of observation, tie

Table 1: lnlectable bone substltute phy8lcal
propcrti€s

Pll?mltlr
Vis(osity

lnjectability

VrluG
30.4-39.4 dPa.s

98.22-98.64%

0.5325 q/cmr to 0.8409 g/cm3Density

Table 2: Bone gap sizo betwean
posltlve control, bovln6
hydroryapatlte'Gel-hydrorypropyl cthylcellulose,
and bovlna hydroxyapatite-GBl-hydrorypropyl
elhylcellulooe-Ale (meanr6tandard deviation)

Bonc gep Cze (mm)
1 .046a0.013
1.784!0.021"
1.750=0.017
1.7\2r0.O22'

.P<0.05 versu! hegrive contlol, 'D0.05 verrus neq.iive (onrroland positrve

control. HPMC: Hlidroryprop, ellryrc€llulose, BHA: Bovine hldrory.patite

I

Ftgurc l: R.diological X-ray ima8e reEesentatioo of bone gap size: Negative contol (Pl), positive control (P2), BffA-Gel-HPMC (P3),
BHA-Gcl-HPMC-Aletr&onaLe (P4). HPMC: Hydroxypropyl ethytccllulose, BHA: Bovine hydroxyapatite
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Group
Negative control

Positive control

BHA-Gel-HPNrc

BHA-Gel-HPMC-Ale

P1 P2
-\

-

P3.-.
,-r,l

I

E-:-:l

P{ 'ltl
_d

-
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(." Table 3: The numbar ol o-$teoblasts, osteocytB,
and oateoclasts between posltive control, bovine
hydroryapatlte Grl-hydrorypropyl ethylcellulose,
and bovine hydroxyapatito-Gal-hydrorypropyl
ethylcellulose-Ale (meanrstandard deviation),

6

a

E 4

Crsteocyt
15.31r4.51
1 6.67 i! 5.03

55.57! 6.03b

64.31:11.15s

O3trocl.st
0.0010.00
,0.00:2.00
2.67=0.58'
5.67:t 0.58"

Group Ortcou.st
Negative conlrol 9.001 1 .73

Positive(ontrol 14.33:12.52

BHA-GeI-HPMC 20.3314.5,|

BHA-6el-HPMC-Ale 25.00a3.0ff

q

rP<0.05 ver5u5 poritive (ohv6lrnd hegative control, "P<0.05 ursus positive

.ontroland negatrve @ntrol, sP<0.05 versu5 po5ilive controland negative
ontrol, 'P<0.05 versus poshive control and negative control, "P<0.05 versus
poiitiv€ (ontroland negatjvp control. HPMc: Hydrorypropyl ethylcellulos€, 8HA:
BovinP hldrcryapatile

Flgurc 2: H and E slaining results; osteoblasts (red arrow), osteocytes

Otaok arrow), ostcoclasts (rianglc). (a) Ncgativc control; (b) Positivc
control: (c) BHA-Ge|-IfPMC (d) BHA-Gel-HPMC-Alcndronatc.
HPMC: Hy&orypropyl ethylce[ulose, BHA: Bovine hydroxyapatite

addition of BHA4el-HPMC-Ale (P4) showed the highest
average number of osteoblasts, osteoq'tes, and osteodasts
25.00 t 3.0O 64.33 r 11.11 and 5.67 t 0.58, respectively, in
compared to P3 and Pl.

The result showed that the number of osteoblasts, osteocytes,

and osteoclasts in group BHA-GeI-HPMC with Ale (P4)

showed a significant difference (P < 0.05) in compared to P2

and P3, This study showed the same results a,s the research
conducted by Toker et al. AJaer 8 weeks, they evaluated
the local effect of Ale and calcium phosphate combination
on calvarial bone defects in rats.Iel The results showed no
significant differenceh!,ve€n the two groups (P3 and P4) on
the number of osteoblasts or oGteoclasts. This resu lt showed
that the bone formation process was still happening. When
injected into the bore gap, Ale binds to BtIA form a very
strong bond, while Ale diskibuted in the Gel-tIPMC released

and binds to the calcium hydroryapatite of the bone around
the gap. It caused the bone around the gap became solid tmd
hard. GeI-HPMC interacted with osteoblaEts to form o6teoid.
Osteoid turn into osteocytes with bone calcium and calcium
from Bli{.l,r2n

CONCLUSIONS
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