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Abstract. Background/Aim: As an alternative material to
the autogenous bone, duck-beak bone particle for bone
substitute have been attracting great attention due to their
biological properties. To deliver the most favorable outcome
of medical treatment, it is essential to study the effect of
various processing methods of the duck-beak bone. In this
study, we compared the two deproteinizing agents for
manufacturing duck-beak bone. Group 1 was treated by a
conventional chemical agent (ethylenediamine) and Group 2
by hydrogen dioxide (H,0,). In vitro and in vivo experiments
were conducted in parallel to compare the cytocompatibility
and osteogenic capability between two processing methods.
For in vitro tests, human adipose-derived mesenchymal stem
cells (hRAD-MSCs) were planted onto each sample and their
attachment and growing were evaluated. For in vivo
biocompatibility and osteogenic properties, the samples were
applied on the critical-sized calvarial bone defect of rats.
Group 2 showed significantly higher cell attachment but
Groupl showed slightly higher cell proliferation. In in vivo
tests, all groups have shown biocompatibility and increased
level of osteogenic potential. However, Group 2 had
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significantly higher bone regeneration (p<0.05). This
experiment confirmed that H,0, can be an optimal
processing method for duck-beak bone particle.

For a successful tissue-engineering strategy, it is required to
select a suitable scaffold to maintain the space for tissue
growth and regeneration. Powerful osteogenic potential of
autogenous bone makes this graft be regarded as the “gold
standard”; however, this graft has disadvantage in limited
quantity and donor morbidity (1). It is, thus, required to find
three-dimensional (3D), biodegradable and biocompatible
scaffolds mimicking the bone tissue architecture for tissue
engineering applications as an alternative (2, 3). Although
soft scaffolds (e.g., hydrogels or collagen sponge) have been
predominantly used in the tissue engineering filed, these are
limited by their poor mechanical properties. On the contrary,
solid scaffolds (e.g., hydroxyapatite or tri-calcium
phosphate) can provide improved support for tissue
regeneration (4-6). The solid scaffolds initially support the
formation of regenerative tissue into the defect area by
preserving space (7). Finally, however, the scaffold is
gradually replaced by regenerated tissue (8).

Livestock ducks are mainly used for food production with
their heads usually discarded or used to produce natural
organic fertilizer and animal feeds. The top part of the beak
is called the upper mandible and the bottom part the lower
mandible. The duck-beak is composed of keratin containing
two major bones in each side of the lower mandible and
upper mandible, with a small nose bone affixed to the skull.
These wasted duck-beak bones have potentially valuable
uses in biomaterial fields, especially in bone graft substitutes
(9). Bone defects often occur as a result of trauma, bone
tumors, resection and metabolic diseases. These defects are
typically reconstructed using either a natural bone graft or
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Figure 1. The optical image of the duck-beak bone microparticles and microscopic image of the human adipose-derived mesenchymal stem cells of
this study are shown. hAD-MSCs, human adipose-derived mesenchymal stem cells; uC, micro-computed tomography.

an artificial synthetic bone graft. As an alternative material
to the autogenous bone, duck-beak bone particles, which are
natural hydroxyapatite particles for bone substitute, have
been attracting great attention. Due to their biological
properties, such as high porosity, duck-beak bone has high
affinity to osteoblast and biocompatibility (9). To deliver the
most favorable outcome of the medical treatment, it is
essential to study the effect of various processing methods
of the duck-beak bone.

In this study, we compared samples by their osteogenic
potential to verify which processing method makes the best
bone capacity. The main comparative subject was
deproteinizing chemical agents. Two kinds of chemical
agents were used. One agent, ethylenediamine (EDA), is
conventionally used in deproteinizing processes. The other
is H,O,, which is a natural substance. In vitro and in vivo
experiments were conducted in parallel to compare the
cytocompatibility and osteogenic capability between the two
processing methods (Figure 1).

Materials and Methods

Duck-beak bone particle preparation. Duck-beak bones were
surgically extracted and all soft tissues removed. The collected bone
samples were boiled with distilled water for 8 hours and then
deproteinized. Group 1 samples were deproteinized with EDA and
Group 2 samples with H,O,. Subsequently, each group was sintered
at high temperature by an electric furnace. Groups 1 and 2 were
processed 20 hours at 400°C. Through the processes above, organic
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matrix and disease-causing agents were all removed from the
samples. All duck-beak bone pieces were subsequently milled into
particles of 500-700 um (10). There were two different groups of
the samples divided by the processing that the duck-beak bone
particle had been taken.

In vitro cell culture conditions. Human adipose-derived
mesenchymal stem cells (hAD-MSCs) were incubated with the
duck-beak bone particle on control media and osteogenic media
(Figure 2). The in vitro experimental protocol was as follows.
Twenty-five milligram-samples from each group were transferred
into 24-well plates and disinfected by 70% ethyl alcohol for 30
minutes. After alcohol was removed, samples were rinsed by
phosphate-buffered saline (PBS), three times for 5 minutes.
Prepared samples were treated with two different types of media,
control media (a-modified Eagle’s medium with 10% fetal bovine
serum, supplemented with 100 units/ml penicillin and 100 pg/ml
streptomycin) and osteogenic media (control media with 0.1 mmol/l
dexamethasone, 10 mmol/l f-glycerophosphate, 50 mmol/l
ascorbate). The cells were incubated with samples at 37°C in a
humidified atmosphere with 5% CO,. The cells were loaded with
each media at 1x104 cells/well rate. Media was changed every three
days (2, 11).

Cell attachment. The cells’ adhesive ability was compared by
immunocytochemical staining. Fluorescence images of samples with
control and osteogenic media were taken with a fluorescence
microscope. Before samples were photographed, media was
removed and remains were rinsed softly with PBS and fixed with
4% paraformaldehyde (PFA). After removing PFA, the samples
were rinsed with PBS 2 times for 5 min. To increase cellular
permeability, samples were processed with 1% Triton X-100 for
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Figure 2. Cell attachment on the surface of duck-beak bone. Images of cell attachment were taken by a fluorescence microscope (a). Group 2 has
a significantly higher number of attached cells compared with Group 1 (b) (x400). CM, Control media; OM, osteogenic media.

5 min. For blocking non-specific bonding, the samples were
processed with 1% bovine serum albumin (BSA) for 30 min. Next,
the samples were stained with Alexa Fluor 546-conjugated
phalloidin (Invitrogen A22283; Invitrogen, Carlsbad, CA, USA) for
30 min. After rinsed with PBS twice, samples were processed with
0.1 pg/ml 4°,6’-diamidine-2’-phenylindole dihydrochloride (DAPI;
Invitrogen P36935; Invitrogen) solution for 1 min (12). The results
were photographed with a fluorescence microscope (IX71;
Olympus, Tokyo, Japan) equipped with a digital camera.

Cell proliferation capacity. Cell proliferation capacity was tested at
days 1, 3, 5 and 7 using the cell counting kit-8 (CCK-8; Dojindo,
Molecular Technologies, Inc., Kumamoto, Japan). At each time
point, cell culture media were removed from the samples and
remains were rinsed softly with PBS twice. Two hundred ul of
media and 20 pl of CCK-8 solution were added in each well and all
together incubated for 2 h. After incubation, 100 pl of the eluted
solution was transferred into 96-well plates and optical density (OD)
was measured at 450 nm.

In vivo biocompatibility and osteogenic potential. In vivo
experiments were conducted with 12 rats (n=6). Nine-week-old,
male Sprague Dawley (Daehan Biolink Co., Ltd, Chungbuk, Korea)
rats were used in this study. Animal experimentation was approved
by the Institutional Animal Care and Use Committee of Chungbuk
National University (no. 677-14-01). Groups’ 1 and 2 samples were
sterilized before use. Both sides of calvarial bone of rats were holed
5 mm in size and then each sample was transplanted (1, 13, 14)
(Figure 4). Twelve weeks after transplantation, calvarial bone tissue
was collected and fixed with 10% neutral buffered formalin (NBF).
The osteogenic potential was verified by micro-computed
tomography (LCT) and histology.
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Figure 3. Proliferative test on microparticles of both groups. The CCK-
8 assay confirms the cell proliferation capacity on days 1, 3, 5 and 7.

Micro-computed tomographic analysis. The fixed specimens were
imaged using an in vivo high resolution uCT system (Skyscan 1176;
Skyscan, Aartselaar, Belgium). The samples were scanned at a pixel
size of 12.56 pm, a filter of 1 mm aluminum, a rotation step of 0.5°
and a rotation angle of 180°. The X-ray tube voltage was 65 kV and
the current 385 pA. Raw images were reconstructed by the NRecon
Skyscan reconstruction software (Skyscan). Reconstructed images
were used to analyze the percent of bone formation and to make
two-dimensional (2D), as well as three-dimensional (3D) images.
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Figure 4. In vivo critical-sized rat calvarial defect. After defect formation (Left), duck-beak bone particles are transplanted into the defect (Right).

Histological observation. After scanning uCT images, the tissues
around the defect area were harvested and fixed in a 10% formalin
solution for 24 hours at room temperature. Subsequently, the
samples were dehydrated in an ascending series of alcohol rinses.
Dehydrated samples were embedded in the acrylic resin Technovit
7200 VLC (Kulzer & Co GmbH, Friedrichsdorf, Germany) and
serially cut into 20 um-thick sections. The specimens were mounted
on glass slides and stained with hematoxylin and eosin (H&E) stain,
as well as Masson’s trichrome (MT) stain. Microscopic images were
taken with a light-microscope.

Statistical analysis. The results are expressed as meantstandard
deviation. For testing statistical significance between two groups,
results were analyzed by one-way analysis of variance, followed by
a Tukey’s test. Differences with p<0.05 were considered to be
statistically significant.

Results

Cell attachment. After 3 weeks of incubation, the attached
cells were stained and photographed with a fluorescence
microscope. Well-attached hAD-MSCs were found in both
control and osteogenic media at 400x (Figure 2A). The
average value of the numbers of the attached cells were
counted. In the control medium, Group 1 and Group 2 samples
revealed 5.6+1.140 and 7.4+1.140 attached cells, respectively,
whereas in the osteogenic medium, Group 1 and Group 2
samples gave 8.4+1.140 and 14.4+2.302 attached cells,
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respectively. Both in control and osteogenic media, Group 2
samples showed significantly higher cell attachment rate on
the surface of particle compared with Group 1 (Figure 2B).

Cell proliferation capacity. Figure 3 shows the results of the
CCK-8 assay. The cell proliferation capacity was slightly
higher in Group 1, which was processed with EDA and
heated at 400°C for 20 h. The comparative growth rate of
Group 1 samples on days 3, 5 and 7 of incubation was
123.8+5.4, 199.9+£30.2 and 197+20.8, respectively, while the
comparative growth rate of Group 2 samples at day 3, 5 and
7 of incubation was 120.5+6.4, 165.6x2.2 and 168.2+8.1,
respectively. These results are shown in Figure 4 as a percent
ratio. There was no significant difference on cell
proliferation between the two groups.

Micro-computed tomographic results of osteogenic potential.
In vivo quantitative results of total new bone volume
(including duck-beak bone and newly formed bone volume,
Figure 5A), as well as newly formed bone, excluding duck-
beak bone particle by thresholding (Figure 5B), were
analyzed using pCT image analysis. The uCT-constructed
images revealed new bone formation within the defect region
of each experimental group. 3D images (Figure 5C) were
made from reconstructed files. The total new bone volume in
Group 1 and Group 2 was 66.97+8.77% and 72.30+7.61%,
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Figure 5. Micro-computed tomography (u-CT) 3D images analysis of
rat calvarial defect filled with duck-beak bone particles at 12 weeks
after duck-beak bone transplantation. The results include duck-beak
bone (black bar) and newly-formed bone (gray bar) (a). The average
percentage of new bone formation excludes the duck-beak bone particle
density after thresholding (b). Three-dimensionally reconstructed uCT
images of new bone formation in critical-sized calvarial bone defect of
rats from both groups (c).

respectively; the effective percentage new bone volume of
Group 1 and Group 2 was 18.37+0.95% and 22.02+1.52%,
respectively. Total bone volume did not show any significant
difference; however, after excluding the duck-beak bone
particle from results, newly formed bone volume from Group
2 showed significantly higher osteogenic capacity compared
with that of Group 1 in the pCT analysis.

In vivo biocompatibility and histological findings. After
H&E and MT staining, the microscopic images taken were
compared with the cross sectional 2D and maximum
intensity projection (MIP) puCT images (Figure 6). Bone
formation was initiated from the periphery of host bone and
newly formed bone was well integrated with the duck-beak
bone particle in both Groups. Marked bone apposition was
observed at the edge of the host bone to duck-beak bone
particle interface. Importantly, in Groups 1 and 2, we could
observe a number of osteoblasts and osteoclasts.

Discussion

In this study, in order to verify the optimum manufacture
process of duck-beak bone particle to obtain the best
osteogenic potential, we compared two groups with different
types of deproteinizing agents. The agents were EDA, as
conventional deproteinizing agent, and H,O,. To compare
biocompatibility and osteogenic potential of two groups, in
vitro cell attachment and proliferation capacity, as well as in
vivo bone regeneration, were examined.

Use of scaffolds is an essential system to deliver stem
cells to target areas and preserve space for the formation of
newly growing tissue (7). For the present study, we used
hAD-MSCs to verify cell attachment and proliferation
capacity on the duck-beak bone particle, because AD-MSCs
are well-established candidates for tissue engineering studies.
AD-MSCs have several advantages over bone marrow-
derived MSCs, such as large quantities of available stromal
cells than bone marrow, easier and less invasive system for
obtaining adipose tissue and similar characteristics to bone
marrow-derived MSCs (11). Cell attachment was confirmed
with direct visualization of stained hAD-MSCs, which grew
on the duck-beak bone particle both in control and
osteogenic media. Samples from both control and osteogenic
media of Group 2 had significantly higher cell attachment
rate. Both Group 1 and Group 2 exhibited a higher cell
attachment rate on osteogenic media compared with control
media. When human osteogenic precursors were cultured on
a porous hydroxyapatite material, the cells exhibited an
osteoblast-like morphology and a proliferation rate leading
to confluent cultures (15).

For a successful bone tissue reconstruction on the critical
bony defect, the use of 3D biodegradable and biocompatible
synthetic and natural bone substitutes is an attractive
alternative to autografts (1). These scaffolds should be suitable
for maintaining the space for cell growth and differentiation
(2). The proliferation, measured by the CCK-8 assay, showed
that both groups exhibited an increase in hAD-MSCs’
numbers during the study periods. Especially, Group 1 showed
slightly better cell growth than Group 2; however, the
difference was not significant. Based on these promising
findings, the in vivo osteogenic capacity of both scaffold
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Figure 6. Cross sectional 2D micro-computed tomography (u-CT) images of new bone formation at 12 weeks after duck-beak bone implantation in critical-
sized calvarial bone defect in Sprague Dawley rats. Maximum intensity projection (MIP) images with color mapping help the visualization of new bone
mineral density. Typical hematoxylin-eosin (H&E) and Masson’s trichrome (MT) stains of the non-decalcified sections are also presented (x40).

systems was confirmed by conducting a bone regeneration
study using the critical-sized rat calvarial defect model.

As an attractive alternative to the synthetic materials and
allografts, xenografts have been shown having excellent
osteoconductive properties and high biocompatibility (16).
In an in vivo experiment, to confirm biocompatibility and
osteogenic potential, transplanted duck-beak bone in critical-
sized calvarial bone defect in Sprague Dawley rats was used.
This animal model has been used to evaluate the biologic
potential of various osteoinductive and/or osteoconductive
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graft materials to promote bone regeneration (17). Twelve
weeks after transplantation, the defected region was scanned
with uCT and newly formed bone volume was calculated.
Both scaffolds showed significant new bone formation
compared with empty control. However, Group 2 showed
definitely outstanding osteogenic capacity. In histologic
evaluation, the greatest amount of newly formed bone was
present within the duck-beak bone microparticles. The
results presented here also reveal that bone formation began
from the periphery through the central part of the defect.
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Bio-Oss, a representative demineralized bone mineral
(DBBM) from animal source, has proved its clinical
availability as a xenograft for bone tissue engineering (18,
19). These studies support our results, which showed that the
duck-beak bone can induce bone cell ingrowth and
osteogenic differentiation within the scaffold area.

This is the first comparative study on manufacturing duck-
beak bone using two different deproteinizing agents to show
that both EDA and H,0O, have potential for hard tissue
regeneration. The analogous, or even superior, results of
Group 2 suggest that the use of H,O,, as a deproteinizing
agent, is valid and promising. However, other processing
conditions, besides that of deproteinization, should
additionally be considered to identify further potential
advantages of using H,O, as a deproteinizing agent.
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