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Abstract

Objectives: Alendronate are widely usedin the treatmentg
bone disorders characterized by inhibit osteoclast-mediated
bone resorption such as Paget’s disease, fibrous dysplasia,
myeloma, bone metastases and osteoporosis. In recent
studies alendronate improves proliferation and differentia-
tion of osteoblasts, thereby facilitating for bone regeneration.
The disadvantages of this class are their poor bioavailability
and side effects on oral and intravenous application such as
stomach irritation and osteonecrosis in jaw. Thus, local
treatment of alendronate is needed in order to achieve high
concentration of drug. Bovine hydroxyapatite-gelatin mf
fold with alendronate was studied. Glutaraldehyde was used
as cross-linking agent, increase the characteristics of this
scaffold. The objectives of this study were to manufacture
and characterize alendronate scaffold using bovine
hydroxyapatite-gelatin and crosslinked by glutaraldehyde.
Methods: Preparation of cross-linked bovine hydroxyapa-
tite-gelatin and alendronate scaffold with different concen-
tration of glutaraldehyde (0.00, 0.50, 0.75, and 1.00%). The
scaffolds were characterized for compressive strength,
porosity, density, lling ratio, in vitro degradation, and
cytotoxicity (the 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-
2H-tetrazolium bromide assay, shorted as MTT assay).
Results: Bovine hydroxyapatite-gelatin-alendronate scaf-
fold cross-linked with glutaraldehyde showed lower density
than without glutaraldehyde. As glutaraldehyde concen-
tration increased, porosity also increased. Eventually, it
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reduced compressive strength. Swelling ratio and in vitro
degradation was negatively dependent on glutaraldehyde
concentration. In addition, the scaffold has a good safety by
MTT assay.

Conclusions: Bovine hydroxyapatite-gelatin-alendronate
scaffold was fabricated with various concentrations of
glutaraldehyde. The presence of glutaraldehyde on bovine
hydroxyapatite-gelatin-alendronate is safe and suitable
candidate scaffold for bone regeneration.

Keywords: alendronate; bovine hydroxyapatite; gelatin;
glutaraldehyde; scaffold; neglected disease.

Introduction

Bisphosphonates, a bone resorption inhibitor, are drugs
curregm used for metabolic bone disease, such as osteopo-
rosis, Paget’s disease, fibrous dysplasia, myeloma, and bone
metastases [1, 2]. Among bisphosphonates, alendronate (Ale)
is a drug that is widely used because it effectively inhibits
bone resorption by preventing recruitment and differentia-
tion of osteoclasts. Furthermore, in recent study alendronate
also improves the proliferation and differentiation of osteo-
blast, that can accelerates bone regenesgtion [3, 4]. In oral
administration, alendronate has poorﬁavaﬂabﬂity (1%).
Meanwhile, it is associated with side effects including
esophageal irritation and osteonecrosis in jaw [2]. Given these
drawbacks, the local administration alendronate through
scaffold composite is a promising therapy strategy [1, 5.
Hydroxyapatite (HA) is an inorganic component that
naturally present in bone tissue and widely used as a main
composite for bone tissue regeneration [6]. Bovine hy-
droxyapatite (BHA) is a natural HA derived from bovine
bone. BHA has carbo s substitution that improved ac-
tivity of osteoblast [7]. Gelatin is a natural polymer which is
similar to the organic components of the bone. Gelatin has
biodegradable, biocompatible, and osteoinductive prop-
erties [8]. Therefore, BHA and gelatin composite is widely
used as scaffolds for bone regeneration. Scaffold composed
of BHA and gelatin is easily degraded, therefore need a
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crosslink agent such as glutaraldehyde (GA) to improve
characteristics of ¢ site [9, 10].

The objectives of this study were to manufacture and
characterize of bovine hydroxyapatite-gelatin-alendronate
scaffold with various concentrations of GA. The scaffold was
characterized for mechanical strength, density, porosity,
swelling ratio, in vitro degradation and cytotoxicity. The
fabrication and characteristic test of the scaffold were car-
ried out to obtain a suitable bone graft candidate for bone
regeneration.

Materials and methods
Material

Bovine hydroxyapatite powder was obtained from Teaching Industry of
Airlangga University, Surabaya, Indonesia. Alendronate sodium was
product of Arshine Technology Co., Limited (Wanchai, China). Gelatin
150 bloom was product from Cartino, Thailand. Glutaraldehyde 25%,
KH,PO,, Na,HPO,, and NaCl were product of Merck Millipore, Germany.

Scaffold fabrication

Fghteen grams of bovine hydroxyapatite was mixed with 200 mg of
Alendronate, and a 20 wt% gelatin 150 bloom solution ina warm mortar.
After that, the mixture was granulated with a 1 mm sieve in order to
obtain uniform size. The granules then were dried in 40 *C oven for 24 h.
Then, the dried granules were cross-linked using glutaraldehyde with
concentration of 0. 50, 0.75, and 1.00% for 24 h until the color
change to brownish. After that the granules were washed with distilled
water to remove the remaining glutaraldehyde, followed with phosphate
buffer saline (PBS) at pH 7.4. After that, the granules were dried again in
oven 40 *C. Dried granules (100 mg) were weight and pressed into pellets.

Mechanical testing

Mechanical behavior of scaffold cross-linked with glutaraldehyde in
different concentration was investigated through compression
strength measured using ulograph (Shimadzu AG-10 TE, Japan).
The scaffold was with a cross head speed of 5 mm min~' in a
cylindrical sample with a diameter of 4 mm and a height of 3 mm. Five
samples of each group were used for the compressive strength [11-13].

Density and porosity determination

Density is calculated based on the ratio of dry mass to volume. The
porosity of scaffold is determined by weighing the dry mass, then
immersing the sample in 5 mL o illed water for about +2 min until
the sample expands. After that, the filter paper is used to remove the
remaining liquid present on the sample. Then the sample is weight
again as wet mass. The porosity is the ratio between the difference in
wet mass and dry mass divided by the volume of the sample [14].
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Swelling ratio

gwelljng ahility of scaffold sured based on the previously
described method by [15, 16]. The scatfold immersed in PBS solution
(pH 7.4) at 37 *Cfor 1, 3,7, 14, and 28 days. Wet samples were wiped with
filter paper to remove excess liquid then weighed as wet weight (Ww).
After that, the scaffold was dried at 60 *C for 72 h (Wd). Swelling ratio is
measured based on equation = (Ww — Wd/Wd) = 100%5.

In vitro degradation

Scaffold degradation was carried out by immersing the sample in PBS
in order to mimic the body fluids in vivo. The initial weight of scaffold is
weighed before the degradation test co ed. The degradation test
was carried by immersing the scaffold in pH74at37°Clorl, 3,7,
14, a days. After immersing the scaffold, the scaffold was dried
using oven at 60 °C for 72 h. After that, the scaffold was weight as dry
weight. Weight loss is the changes of dry weight after immersion and
initial weight before immersion [12, 15].

Cytotoxicity test

The MTT assay is used to determine thy bility of cells, depend on the
cell’s ability to metabolically reducing 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyl-Z[-I-telmjum bromide (MTT) to formazan. The MTT assay
was conducted using Baby Hamster Kidney (BHK)-21 fibroblast cell.
Each sample was mixed with2mL of media and putinto well as as
50 pL/well. After that, the well then added with culture media of 100 pL/
well, and incubated for 24 h (37 °C). , samples were washed with
PBS and added with MTT solution of 10 pL/well. After incubated for 3h
(37 *C), dimethyl sulfoxide (DMS0O) as much as 50 pL/well was added
and slowly shaked for 5 min to dissolve the formazan crystals which
present in purple. The absorbance was measured with ELISA reader
with the wavelength of 620 nm. Cell viability was determined by
dividing the viahility of treated cells with the controls [17].

gatistical analysis

andard error of the mean (SEM).
The study data were statistically analyzed using software SPSS version
24.0 (SPSS Inc., chicago, IL, . Theresult obtain were submitted to
the Shapi ilk normality test and One Way analysis of variance
[ANOVA). p value less than 0.05 was consi statistically signifi-
cant. All calculations were performed using GraphPad Prism 6 Soft-
ware (GraphPad, Inc., San Diego, CA, USA).

The data are presented as mea

Results
Mechanical testing
Mechanical strength is the capacity of a material or structure

to withstand loads. Mechanical characterization test using
autograph is needed to compress the scaffold until it breaks.
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Figure 1 is the compressive test results of scaffold with
various concentrations of glutaraldehyde. The compressive
strength was 12.080 + 1.156, 10.666 + 0.808, 10.449 + 0.946,
9.122 + 0.670 MPa for scaffold with GAspgncentration of 0.00,
0.50, 0.75, and 1.00%, respectively. These results indicated
that the presence of glutaraldehyde reduced compressive
strength. Increasing glutaraldehyde concentration, reduced
compressive test value.

Density and porosity

Density is the ratio between the mass and volume of the
substance at a certain temperature and pressure. While
porosity is a measure of the empty spaces in a material, that
contributes to the cell homing. Based on the porosity and
density test, glutaraldehyde concentration affects the scaf-
fold's density and porosity (Figures 2, 3). The density of scaf-
fold with 1.00% GA was significantly different with another
scaffold (0.00, 0.50, 0.75% GA) (p<0.05). Figure 3 shows the
results of the porosity test on the scaffold with different GA
concentration. The porosity of the scaffold in GA 0.00, 0.50,
0.75, and 1.00% was 37.837 + 5.701, 60.914 + 0.539,
63.306 + 3.084, and 65.004 + 4.063%, respectively (p<0.05).
The result showed that more GA concentration increased the
more porosity increased.

Swelling ratio

Swelling ratio is the fractional increase in the weight of the
hydrogel due to water absorption. Figure 4 showed swelling
ratio of the scaffold with various concentrations of GA after
soaking the scaffold in PBS for 28 days. All groups experi-
enced cracks starting on day one, and there was an increase
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Figure 1: Compressive strength of scaffold with 0.00, 0.50, 0.75,
and 1.00% GA.
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Figure 2: Density of four different scaffold as a function of the
addition of glutarald ehyde (GA 0.00%, GA0.50%, GA0.75%, GA 1%)
(*p<0.05 compared with 1.00%).
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Figure 3: Porosity of four different scaffold as a function of the
addition of glutarald ehyde (GA 0.00%, GA0.50%, GA0.75%, GA 1%)
*p<0.05 compared with 0.00%.
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Figure 4: Swelling of scaffold crosslinked with various amount of
glutaraldehyde concentration after immersionin PBS pH7.4 at 37 °C
for 28 days.
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Figure 5: Weight loss of scaffold crosslinked with various amount of
glutaraldehyde concentration afterimmersion in PBS pH 7.4 at 37 °C
for 28 days.

after day seven and sharply increased from day 14 to day 28.
Scaffold with 0.50% GA showed the highest swelling ratio.
Cumulative swelling results on day 28 for scaffold 0.50, 0.75,
and 1.00% were 65.963 = 0.318, 63.040 * 0.365, and
57.543 + 0.389%, respectively (p<0.05).

In vitro degradation

Degradation is gradual decomposition of a material. Figure 5
showed the scaffold’s weight-loss after immersion in PBS pH
7.4 for1, 3,7, 14, and 28 days. All samples showed additional
weight-loss during the time period. The curves were divided
into three groups with different concentrations of GA. In the
first group, the weight-loss of scaffold with 0.50% GA
increased after day seven of immersion and got sharper after
the 14th and 28th days. Another group was GA 0.75 and
1.00% show similar profile with first group. The cumulative
weight-loss on day 28 for scaffold with GA concentration of
0.50, 0.75, and 1.00% GA scaffold were 28.727 + 0.954,

150+
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T
0.00%
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Figure 6: Result of cell viability study (MTT assay).
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16.800 + 0.369, and 8.150 + 0.315%, respectively. The mini-
mum weight-loss was in the scaffold with 1.00% GA (p<0.05).

Cytotoxicity

Cytotoxicity is the property of the chemicals that is harmful
to living cells. Figure 6 shows the results of the cytotoxicity
test using BHK 21 fibroblasts. The results of cell viability
with various GA concentrations showed no toxic effect
because the viability was above 50%. The highest cell
viahility was shown in the sample with GA level of 1.00%.
The MTT assay was cotrelated with cell proliferation and
mitochondrial function, the loss of cell viability was indi-
cated by decreased MTT measurement [18].

Discussion

In this study, scaffold bovine hydroxyapatite-gelatin-
alendronate containing alendronate with varying levels
of GA as crosslink agent was successfully designed. The
characteristic properties of these scaffolds were provided.
Furthermore, there was a decrease in the scaffold’s
compressive test, along with the increase in GA concen-
tration (Figure 1). Higher GA concentration allowed gelatin
chain to react with more GA molecules that causes more
fragile [19]. The compressive test obtained in this study
from 9.122 + 0.670 to 12.080 + 1.156 MPa, in line with the
compressive strength for femoral bone (9.3 + 4.5 MPa) [8]
and compressive strength for spongy bone (4-12 MPa) [19].

As shown in Figures 2, 3, density was negative dependent
to the porosity. The porosity of the scaffold with various
concentrations of GA ranges from 60.914 + 0.539 to
65.004 + 4.063%, this corresponds to scaffold with high
potrosity of 50-65%. Scaffold without GA have 37.837 +5.701%
porosity, appropriate to scaffold with 1 orosity of 35-45%
[20]. The density of the scaffold affects mechanical strength,
permeability, and the presence of structural defects. Porosity
is an important parameter that defines the properties of bio-
materials obtained [6]. Increase of porosity caused a decrease
gymompressive strength otherwise higher density contributes
gdgher mechanical strength [8]. High porosity provides a
biological environment for proliferation, differentiation, and
cell function gat benefit the scaffold [21]. Therefore, it is
necessary to balance between porosity and density of the
scaffold to established specific application [8].

In this study, the swelling ratio showed that all samples
with GA experienced cracks. The longer scaffold immersed in
PBS, the more water absorbed. This could be because during
the immersion process, the scaffold formed a lot of capillary
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cavities that could cause PBS to enter and disrupt the bonds
between the constituent compositions and then decrease
the integrity [1, 15]. Swelling of scaffold facilitates cell
adhesion, cell internalization and increases nutrient diffu-
sion, which is the basis for enhancing tissue regeneration
[21]. Concentration of glutaraldehyde is inversely propor-
tional with swelling ratio. Porosity is a characteristic related
to the swelling ratio. In general, when the scaffold has high
porosity, the swelling ratio will also increase. However,
different things happened in this study; the porosity test
results compared the best with the swelling ratio test results.
This may happen because of the effect of alendronate in the
formulation. Alendronate formed strong chemical bonds
through the phosphonate groups and the calcium ions.
These chemical bonds might prevent the excessive swelling
of the scaffold [22]. Scaffold with GA 1.00% showed the
lowest swelling, is the most suitable one for scaffold appli-
cation. In line with research conducted by Bigi et al. (2001),
that the higher the concentration of glutaraldehyde will
reduce the amount of water absorbed [23].

The degradation test results showed that weight-
loss inversely related to the concentration of glutaral-
dehyde [16]. It was found that the scaffold with GA
0.50% had a more reduction in weight (28.727 + 0.954).
Whereas scaffold with GA 0.75 and 1.00% had a degra-
dation for 28 days 0f 16.800 + 0.369 and 8.150 + 0.315%,
respectively. Theresultis consistent with the research of
Wang et al. 2009 that indicates that there is good
degradation athe scaffold. As the scaffold begins to
degrade, itis replaced by a new bone matrix, gghich can
accelerate the bone regeneration process. When the
degradation rate of the scaffold equal with the rate of
osteogenesis, the scaffold can accelerate the process of
reggmeration [21].

e MTT test (3-[4,5-dimethylthiazol-2-y1]-2,5 diphenyl
tetrazolium bromide) is based on the conversion of MTT
to formazan crystals by living cells, which determines
mitochondrial actiggy. Because for a large part of the
cell population, the total mitochondrial activity is
related to the number of viable cells [18]. The cytotoxic

ue was determined based on the IC50 concentration
required to achieve 50% growth inhibition compared to
the growth of the control [24]. All scaffold synthesized in
this study showed an increasing trend of formazan
absorbance (Figure 6), thus suggesting an increase in
glutaraldehyde concentration by up to 1.00% increased
cell proliferation.

Glutaraldehyde is a toxic agent at high concentrations
[25]. Several studies that have been conducted by other
researchers, including those of Gao et al., stated that the
scaffold soaked and washed with the GA cross-link agent
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concentration of 1 and 2.5% had a toxic effect on chon-
droc ells [26]. The safe and optimal GA concentration is
used as a cross-linking agent in the concentration range of
0.5-2% [19]. This study indicated that scaffold with GA
0.50-1.00% does not negatively affect cell proliferation, it
can maintain cyto-compatibility properties and achieve
good mechanical properties.

Conclusions

Bovine hydroxyapatite-gelatin-alendronate scaffold was
fabricated with various concentrations of glutaraldehyde.
An increase in GA will increase the scaffold’s porosity,
which causes a decrease in compressive strength. The
swelling test and in vitro degradation test are inversely
proportional to the increase in GA. All samples showed non
toxicity based on cytotoxic assays. Based on these results,
the presence of GA in bovine hydroxyapatite-gelatin-
alendronate is safe and suitable candidate scaffold for
bone regeneration.

Acknowledgments: The author thanks the Department of
Clinical Pharmacy, Faculty of Pharmacy, Airlangga Uni-
versity for all support during research.

Research funding: This work was supported by the
Ministry of Research and Technology of the Republic of
Indonesia, through strengthening industrial innovation
research scheme fiscal year 2019 (grant number: 007/F1/
PPK.2/Kp/V/2019).

Author contributions: All authors have accepted
responsibility for the entire content of this manuscript
and approved its submission.

Competing interests: Authors state no conflict of interest.
Informed consent: Not applicable.

Ethical approval: Not applicable.

References

1. Posadowska U, Parizek M, Filova E, Wlodarczyk-Biegun M,
Kamperman M, Bacakova L, et al. Injectable nanoparticle-loaded
hydrogel system for local delivery of sodium alendronate. Int )
Pharm 2015;485:31-40.

2. Nafee N, Zewail M, Boraie N. Alendronate-loaded, biodegradable
smart hydrogel: a promising injectable depot formulation for
osteoporosis. ] Drug Target 2018;26:563-75.

3. Park KW, Yun ¥P, Kim SE, Song HR. The effect of alendronate
loaded biphasic calcium phosphate scaffolds on bone
regeneration in a rat tibial defect model. Int | Mol Sci 2015;16:
26738-53.




560 = Samirah et al.: Effect of alendronate on the characteristics of bovine hydroxyapatite-gelatin scaffold

10.

11.

12.

13.

14,

15.

. HurW, Park M, Lee J¥, Kim MH, Lee SH, Park CG, et al. Bioabsorbable

bone plates enabled with local, sustained delivery of alendronate
for bone regeneration. | Contr Release 2016;222:97-106.

. Schlickewei CW, Laaff G, Andresen A, Klatte TO, Rueger |M,

Ruesing ), et al. Bone augmentation using a new injectable bone
graft substitute by combining calcium phosphate and
bisphosphonate as composite—an animal model. ] Orthop Surg
Res 2015;10:116.

. Yanovska A, Kuznetsov V, Stanislavov A, Husak E, Pogorielov M,

Starikov V, et al. Synthesis and characterization of
hydroxyapatite-gelatine composite materials for orthopaedic
application. Mater Chem Phys 2016;183:93-100.

. Budiatin AS, Samirah Gani MA, Nilamsari WP, Ardianto C, Khotib

]. The characterization of bovine bone-derived hydroxyapatite
isolated using novel non-hazardous method. ) Biomim Biomater
Biomed Eng 2020;45:49-56.

. Kazemzadeh Narbat M, Orang F, Solati Hashtjin M, Goudarzi A.

Fabrication of porous hydroxyapatite-gelatin composite scaffolds
for bone tissue engineering. Iran Biomed | 2006;10:215-23.

. Budiatin AS, Zainuddin M, Khotib ). Biocompatible composite as

gentamicin delivery system for osteomyelitis and bone
regeneration. Int ] Pharm Sci 2014;6:223-6.

Farris 5, Song ], Huang Q. Alternative reaction mechanism for the
cross-linking of gelatin with glutaraldehyde. ] Agric Food Chem
2010;58:998-1003.

Bundela H, Bajpai AK. Designing of hydroxyapatite-gelatin based
porous matrix as bone substitute: correlation with
biocompatibility aspects. Express Polym Lett 2008;2:201-13.
Banerjee SS, Bandyopadhyay A, Bose S. Biphasic resorbable
calcium phosphate ceramic for bone implants and local
alendronate delivery. Adv Eng Mater 2010;12:B148-55.

Tarafder S, Bose S. Polycaprolactone-coated 3D printed
tricalcium phosphate scaffolds for bone tissue engineering:

in vitro alendronate release behavior and local delivery effect on
invivo osteogenesis. ACS Appl Mater Interfaces 2014 ;6:9955-65.
Hendradi E, Hariyadi DM, Adrianto MF. The effect of two different
cross linkers on in vitro characteristics of ciprofloxacin-loaded
chitosan implants. Res Pham Sci 2018;13:38-46.

Felfel RM, Ahmed |, Parsons A), Rudd CD. Bioresorbable
composite screws manufactured via forging process: pull-out,

16.

17.

18.

19.

20.

21.

23.

24,

25.

26.

DE GRUYTER

shear, flexural and degradation characteristics. | Mech Behav
Biomed Mater 2013;18:108-22.

Hou YT, Hsu CC. Development of a 3D porous chitosan/gelatin
liver scaffold for a bioartificial liver device. | Biosci Bioeng 2020;
129:741-8.

Chao SC, Wang M), Pai NS, Yen SK. Preparation and characterization
of gelatin—hydroxyapatite composite microspheres for hard tissue
repair. Mater Sci Eng C 2015;57:113-22.

Chang CH, Wang CZ, Chang JK, Hsu CY, Ho ML. The susceptive
alendronate-treatment timing and dosage for osteogenesis
enhancement in human bone marrow-derived stem cells. PloS
One 2014;9:e105705.

Azami M, Rabiee M, Moztarzadeh F. Glutaraldehyde crosslinked
gelatin/hydroxyapatite nanocomposite scaffold, engineered via
compound techniques. Polym Compos 2010;31:2112-20.
Sheikh Z, Zhang YL, Grover L, Merle GE, Tamimi F, Barralet J. In
vitro degradation and in vivo resorption of dicalcium phosphate
cement based grafts. Acta Biomater 2015;26:338-46.

Wang JQ, Jiang BJ, Guo W), Zhao YM. Indirect 3D printing
technology for the fabrication of customised B-TCP/chitosan
scaffold with the shape of rabbit radial head-an in vitro study. |
Orthop Surg Res 2019;14:102.

. CapraP, Dorati R, Colonna C, Bruni G, PavanettoF, Gental, etal. A

preliminary study on the morphological and release properties of
hydroxyapatite-alendronate composite materials. |
Microencapsul 2011;28:395-405.

Bigi A, Cojazzi G, Panzavolta S, Rubini K, Roveri N. Mechanical
and thermal properties of gelatin films at different degrees of
glutaraldehyde crosslinking. Biomaterials 2001;22:763-8.
Prabst K, Engelhardt H, Ringgeler S, Hilbner H. Basic colorimetric
proliferation assays: MTT, WST, and resazurin. New York:
Humana Press; 2017.

Oryan A, Kamali A, Moshiri A, Baharvand H, Daemi H. Chemical
crosslinking of biopolymeric scaffolds: current knowledge and
future directions of crosslinked engineered bone scaffolds. Int |
Biol Macromol 2018;107:678-88.

Gao 5, Yuan Z, Guo W, Chen M, Liu S, Xi T, et al. Comparison of
glutaraldehyde and carbodiimides to crosslink tissue
engineering scaffolds fabricated by decellularized porcine
menisci. Mater Sci Eng C 2017;71:891-900.




Fabrication and characterization of bovine hydroxyapatite-
gelatin-alendronate scaffold cross-linked by glutaraldehyde for
bone regeneration

ORIGINALITY REPORT

12, o 116 Ou

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
www.ncbi.nlm.nih.gov 1
Internet Source %
Ji-Qi Wang, Bing-Jie Jiang, Wei-Jun Guo, You- 1 o
0

Ming Zhao. "Indirect 3D printing technology
for the fabrication of customised 3-
TCP/chitosan scaffold with the shape of rabbit
radial head—an in vitro study", Journal of
Orthopaedic Surgery and Research, 2019

Publication

Ali Olad, Fahimeh Farshi Azhar. "The 1
: : : . %
synergetic effect of bioactive ceramic and
nanoclay on the properties of chitosan-
gelatin/nanohydroxyapatite-montmorillonite
scaffold for bone tissue engineering",
Ceramics International, 2014

Publication

Yiyi Lu, Yuanding Huang, Julia Bode, Carla 1 y
Vogt, Regine Willumeit-Romer, Karl Ulrich ’
Kainer, Norbert Hort. "Effects of Minor



Gadolinium Addition and T4 Heat Treatment
on Microstructure and Properties of
Magnesium", Advanced Engineering
Materials, 2022

Publication

fondsalledaagseziekten.nl
Internet Source g <1 %
journals.plos.or 1
H JInternet Sourcep g < %
Apoorva Mathur, Om Prakash Kharbanda, < o
Veena Koul, Amit Kumar Dinda, Mohammad 0
Faiyaz Anwar, Suchita Singh. "Fabrication and
evaluation of antimicrobial biomimetic
nanofibre coating for improved dental
implant bio - seal: An in vitro study", Journal
of Periodontology, 2021
Publication
www.chinaphar.com
n Internet Source p <1 %
n Hiroyuki Tsujimoto, Ayumi Tanzawa, Hiroe <'I o
0

Miyamoto, Tsunehito Horii et al. "Biological
properties of a thermally crosslinked gelatin
film as a novel anti-adhesive material:
Relationship between the biological properties
and the extent of thermal crosslinking",
Journal of Biomedical Materials Research Part
B: Applied Biomaterials, 2015

Publication



Johan Meerloo. "Cell Sensitivity Assays: The <1 o
MTT Assay", Methods in Molecular Biology,
2011
Publication
Priscilla Capra, Rossella Dorati, Claudia <1 o
Colonna, Giovanna Bruni, Franca Pavanetto,
lda Genta, Bice Conti. "A preliminary study on
the morphological and release properties of
hydroxyapatite-alendronate composite
materials", Journal of Microencapsulation,
2011
Publication
Jéssica S. Yamanaka, Ana Clara Oliveira, Ana <1 o
Raquel Bastos, Emanuel M. Fernandes et al.
"Collagen membrane from bovine
pericardium for treatment of long bone
defect", Journal of Biomedical Materials
Research Part B: Applied Biomaterials, 2022
Publication
Yi Zhao, Yanhui Qiu, Zixuan Fang, Fangfang <1 o

Pu, Ruixue Sun, Kezheng Chen, Yuanzheng
Tang. "Preparation and characterization of Sr-
substituted hydroxyapatite/reduced graphene
oxide 3D scaffold as drug carrier for
alendronate sodium delivery", Ceramics
International, 2022

Publication

research.vumc.nl



Internet Source

<1 %
dfs.semanticscholar.or

IFr?ternet Source g <1 %

Noha Nafee, Mariam Zewail, Nabila Boraie. <1 o
"Alendronate-loaded, biodegradable smart ’
hydrogel: a promising injectable depot
formulation for osteoporosis”, Journal of Drug
Targeting, 2017
Publication
edepot.wur.nl

Intern(!:t)Source <1 %
eprints.lib.nokudai.ac.j

IntFe)rnet Source Jp <1 %
is.vnu.edu.vn

JInternet Source <1 %
www.tandfonline.com

Internet Source <1 %

Alfian Pramudita Putra, Annisa Aulia Rahmah, 1

<Il%

Nia Fitriana, Sayyidati Arristifanniy Rohim,
Miftakhul Jannah, Dyah Hikmawati. "The
Effect of Glutaraldehyde on Hydroxyapatite-
Gelatin Composite with Addition of
Alendronate for Bone Filler Application”,
Journal of Biomimetics, Biomaterials and
Biomedical Engineering, 2018



Publication

Bose, Susmita, Solaiman Tarafder, Shashwat <1 o
Banerjee, and Amit Bandyopadhyay. "Calcium ’
Phosphate Ceramics in Drug Delivery and
Bone Tissue Engineering", Biomaterials
Science - Processing Properties and
Applications Narayan/Biomaterials, 2011.

Publication

Pubsacsore <1y

Hamidreza Sahrayi, Elham Hosseini, Ahmad <1 o
Ramazani Saadatabadi, Seyed Mohammad
Atyabi et al. "Cold atmospheric plasma
modification and electrical conductivity
induction in gelatin/polyvinylidene fluoride
nanofibers for neural tissue engineering",

Artificial Organs, 2022
Publication

Nazanin Zanjanizadeh Ezazi, Mohammad-Ali <1 o
Shahbazi, Yuri V. Shatalin, Eloy Nadal et al.
"Conductive vancomycin-loaded mesoporous
silica polypyrrole-based scaffolds for bone
regeneration”, International Journal of
Pharmaceutics, 2018
Publication

SIS gaacu <1y




roderic.uv.es
Internet Source <1 %
worldwidescience.org <1
Internet Source %
www.ijpsonline.com
InternethLEce <1 %
Ali Shan, Usman Farooq, Shuguang Lyu, <1 o
Wagas Qamar Zaman et al. "Efficient removal ’
of trichloroethylene in surfactant amended
solution by nano FeO-Nickel bimetallic
composite activated sodium persulfate
process", Chemical Engineering Journal, 2020
Publication
Cao, N.. "Mechanical properties of gelatin
31 [ . . o <I%
films cross-linked, respectively, by ferulic acid
and tannin acid", Food Hydrocolloids, 200706
Publication
Younghee Park, Ji Min Park, Dan Hyo Kim, <1 o

Jeanny Kwon, In Ah Kim. "Inhibition of PI4K llla
radiosensitizes in human tumor xenograft

and immune-competent syngeneic murine
tumor model", Oncotarget, 2017

Publication

Exclude quotes On Exclude matches Off



Exclude bibliography On

Fabrication and characterization of bovine hydroxyapatite-
gelatin-alendronate scaffold cross-linked by glutaraldehyde for
bone regeneration

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6




