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Abstract
Objective: To investigate the effect of BMP-7 derived-peptide chitosan nanometer hydroxyapatite biomimetic collagen com-
posite on repairing rat critical-sized cranial defects.
Methods: The chitosan nanometer hydroxyapatite collagen composite was prepared and the microcosmic appearance of the
composite was observed by scanning electron microscope. The BMP-7 derived-peptide was introduced into the composite by
vacuum adsorption. The released peptide content from the scaffold was detected using high performance liquid chromatography
at different set times. Critical-sized cranial defects were created on both sides of the parietal bone in 24 adult Sprague-Dawley
rats. The BMP-7 derived-peptide chitosan nanometer hydroxyapatite biomimetic collagen composites were implanted on the
right side as experimental group and the left side was implanted with chitosan nanometer hydroxyapatite biomimetic collagen
composites alone as control group. The rats of both groups were killed in batch respectively after 6 and 12 weeks. Macroscopic
observation, three-dimensional reconstruction of computed tomography (CT) and histological observation were performed on
these samples.
Results: The results of scanning electron microscope showed that the surface of the scaffold was porous. The releasing character
of BMP-7 derived-peptide belonged to slow release. The result of animal experiment showed that the BMP-7 derived-peptide
chitosan nanometer hydroxyapatite biomimetic collagen composite could more effectively promote the repair of cranial bone
defects comparing with the chitosan nanometer hydroxyapatite biomimetic collagen composite alone. The difference was sta-
tistically significant (p < .05).
Conclusions: The BMP-7 derived-peptide chitosan nanometer hydroxyapatite collagen biomimetic composite can effectively
promote bone regeneration of bone defects. The composite is a kind of ideal scaffold material for bone tissue engineering.
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The treatment of bone defects has always been a puzzle for
orthopedic surgeons. At present, autologous bone and al-
logenic bone transplantation are mainly used to treat bone
defects. However, these methods are inadequate to meet
the need of clinically treating bone defects. Therefore, the
development of artificial bone repair materials with good

biocompatibility, biodegradability, bone conduction and os-
teoinduction has been a hot research topic in the field of
bone defect treatment.[1–3] In this study, chitosan nanome-
ter hydroxyapatite collagen composite material was pre-
pared according to the bionics principle. Combined with
osteoinductive BMP-7 derived-peptide, the BMP-7 derived-
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peptide chitosan nanometer hydroxyapatite biomimetic col-
lagen composite was prepared and implanted into the skull
defects in rats to evaluate its ability to promote bone regen-
eration.

1 Materials and methods
1.1 Materials and reagents

Twenty-four Sprague-Dawley (SD) rats, two-grade clean-
ness, male and female, aged 30-35 days (average 32 days),
weighing 100-120 g (average 110 g), healthy, were kept
in a clean environment. BMP-7 derived-peptide (Shang-
hai Jill Pharmaceutical Co., Ltd.), collagen (Wuhan Asian
Pharmaceutical Co., Ltd.), others were all domestic analyti-
cal reagents. SENSATION 16 type computerized tomogra-
phy (SIEMENS, Germany), high-performance liquid chro-
matography (HPLC) (GIAPO).

1.2 Methods

1.2.1 Preparation of BMP-7 derived-peptide chitosan
nanometer hydroxyapatite biomimetic collagen
composite

An amount of 10 g collagen was taken in the 0.5 M acetic
acid solution of 200 mL, and it was stirred evenly to be fully
dissolved. In order to make the pH value of solution 7.4,
0.5 M H3PO4 solution and 0.5 M CaCl2 solution along
with 0.5 M NaOH solution were slowly added to the above
collagen solution. Then, the solution was fully stirred for
more than 12 h, and the precipitated products were lapping
into powder after freezing. The appropriate amount of chi-
tosan was dissolved in hexafluoroisopropanol organic sol-
vent to prepare a viscous solution with a mass volume ratio
of 10%. A certain amount of nanometer hydroxyapatite col-
lagen powder was added and dispersed by ultrasonic wave
for 30 min. After stirring well, cooling, forming, and then
freeze-dried to remove organic solvents for use. The micro-
morphology of the surface of the composite was observed
by scanning electron microscope.

The nanometer hydroxyapatite collagen composite material
was made into a cylinder with a diameter of 5 mm and
a thickness of 2 mm, soaked in 1 mL of polypeptide so-
lution with a concentration of 1 mg/mL for 30 min and
vacuum-adsorbed for 30 min so that the amount of polypep-
tide loaded on each material was 1 mg.

1.2.2 Release rules of BMP-7 derived-peptide in vitro

The scaffolds of 5 polypeptides were immersed in 2 mL PBS
and placed in a 37°C incubator at different time points to
extract the release solution, wherein the content of BMP-7

polypeptide was detected by HPLC and the cumulative re-
lease was calculated.

1.2.3 Animal experiments

Twenty-four adult SD rats were randomly divided into 2
groups at 2 time points of 6 and 12 weeks, with 12 animals
in each group. The rats were intraperitoneally injected with
2% pentobarbital sodium of 40 mg/kg. The skin, subcuta-
neous and periosteum of the middle line of the rat skull were
cut respectively, with the drill on the left and right parotid
diameter of 5 mm round-shaped skull full-thickness bone
defects. The BMP-7 derived-peptide chitosan nanometer
hydroxyapatite biomimetic collagen composites were im-
planted on the right side as experimental group and the left
side was implanted with chitosan nanometer hydroxyapatite
biomimetic collagen composites alone as control group.

1.2.4 Materials and testing

Animals in each group were sacrificed at 6 and 12 weeks
after operation, respectively. The specimens were removed
for the following tests: (1) General observation of the spec-
imens: The degradation of implanted material and the re-
pair of bone defects were observed visually. (2) CT recon-
struction: Three dimensional reconstruction was carried out
after CT scanning, and the repair of bone defect was ob-
served. (3) HE staining: After fixed with 4% paraformalde-
hyde, the tissues were decalcified with EDTA and paraffin-
embedded for HE staining. Three slices of each specimen
and two visual fields of slice were taken, and the percentage
of bone area per field was calculated by Image-Proplus 5
image analysis software. The difference of bone area be-
tween the experimental group and the control group was
compared.

1.3 Statistical analysis

Data were analyzed and processed using SPSS 13.0 statisti-
cal software. The data were expressed as mean ± standard
deviation (x̄ ± s), and the independent sample t-test was
used to compare the two groups.

2 Results
2.1 Microstructure of chitosan nanometer hydrox-

yapatite biomimetic collagen composite

The results of electron microscopy showed that the compos-
ite was a porous structure with an aperture of about 10-100
µm (see Figure 1).
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Figure 1: Micro morphology of chitosan nanometer
hydroxyapatite biomimetic collagen composite

Figure 2: Release of BMP-7 derived-peptide at different
time points

2.2 Release rules of BMP-7 derived-peptide in vitro

The results of in vitro release of BMP-7 derived-peptide
were shown in Figure 2. The released amount of BMP-7
derived-peptide on day 1 was about 32.5% ± 1.22% of the
total amount, which was an explosive release, the cumula-
tive amount of 14 days accounted for (64.02 ± 4.21)% of
the total.

2.3 Animal experiment results

After 6 weeks, the implanted material was closely connected
with the edge of the bone defect, and the boundary was
blurred, and the texture of the implant was slightly hard. The
three-dimensional reconstruction of CT showed that there
were some flaky high density shadows in the visible defect
area, and the density was similar to that of normal bone.

However, the boundary between the implant material and
the bone defect in the control group was observed to be ob-
vious. In three-dimensional reconstruction of CT, there was
only a slight flake dense shadow in the visible defect area,
which was lower than the normal bone density (see Figure
3).

Figure 3: Three-dimensional reconstruction of CT results
of specimens in the experimental group (white arrow) and
the control group after 6 weeks of operation

Histological observation showed that a large number of os-
teoblasts grew into the materials, some have begun to de-
grade. In the control group, only a small amount of os-
teoblasts were seen inside the materials (see Figure 4).

12 weeks after operation, the experimental group showed
that the implant materials were basically replaced by regen-
erated bone tissue, and the texture was hard. The three-
dimensional reconstruction of CT showed that the defect
was completely healed, and the marginal boundary between
the implant material and the bone defect was obvious in
the control group. Three-dimensional reconstruction of CT
showed enhanced high density, and the area close to the de-
fect was 1/2, failed to completely repair the bone defect (see
Figure 5).

Histological observation of the experimental group showed
that most of the implanted materials were degraded and re-
placed by mature lamellar bone, leaving a small amount of
braided bone. In the control group, only a few osteoblasts
were seen inside the materials during the histological obser-
vation (see Figure 6).

The percentages of new bone formation in the experimental
group and the control group at 6 weeks and 12 weeks af-
ter surgery were shown in Figure 7. The percentage of new
bone formation area at each time point in the experimental
group was significantly higher than that in the control group
(p < .05).
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Figure 4: HE staining after 6 weeks of operation
A: The materials had started to degrade in the experimental group after 6 weeks of operation, and a large number of
osteoblasts grew inside the materials. The yellow arrow referred to the material, and the black arrow referred to the new
bone (200 times magnified under the light microscope). B: HE staining of the control group after 6 weeks of operation. It
could be seen that a small amount of osteoblasts grew into the interior of the material, and the yellow arrowhead was
shown as the materials, and the black arrowhead was shown as a new bone tissue (200 times magnified under the light
microscope)

Figure 5: CT reconstruction results of experimental group
(indicated by white arrow) and control group at 12 weeks
after operation

3 Discussion
Ideal bone repair materials should meet the following re-
quirements: (1) three-dimensional porous structure; (2)
good biocompatibility; (3) good biodegradability, material
degradation rate and new bone regeneration speed matching;
(4) good plasticity and mechanical strength; (5) good osteo-

conductivity; (6) good osteoinduction; (7) material handling
of various properties. For example, the change of the mate-
rial degradation rate, mechanical strength, porosity and pore
size could be made according to clinical needs.[4–7] To date,
no artificial bone repair material has been recognized by the
scientific community. However, biomimetic-based compos-
ite bone repair materials have gained wide attention due to
their good biocompatibility, degradability and osteoconduc-
tivity.[8, 9] The chitosan nanometer hydroxyapatite collagen
biomimetic composite which was prepared in our study is a
kind of these materials. Scanning electron microscopy re-
sults showed that the composite was a loose porous struc-
ture similar to the porous structure of natural bone tissue. In
order to improve the osteoinductivity of this composite ma-
terial, we designed and synthesized a novel BMP-7 peptide
with 13 amino acids, which was combined with chitosan
nanometer hydroxyapatite collagen materials composite, in
order to build a new type of bionic material BMP-7 derived-
peptide chitosan nanometer hydroxyapatite collagen. BMP-
7 derived-peptide is a novel active molecule with similar bi-
ological activity to BMP-7. At the same time, its spatial
structure is simple and spiral, and the active site is easy to
expose. We found it easy to mix with the scaffold mate-
rial. It is generally believed that only after bioactive factors
are released from scaffold materials, biological active fac-
tors, then, can be released slowly from materials to maxi-
mize their biological functions.[10] In this study, the release
rules of BMP-7 derived-peptide were detected in the materi-
als. The results showed that the BMP-7 derived-peptide was
actively released on the first day and then released slowly,
which basically met the requirement of sustained release.
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Figure 6: HE staining after 12 weeks of operation
A: After 12 weeks of operation, HE staining showed that most of the implanted materials were degraded and replaced by
mature lamellar bone, leaving a small amount of braided bone (200 times magnified under the light microscope). B: After
12 weeks of operation, the control group was stained with HE, which showed that the materials were partially degraded
and scattered in the immature braided bone (200 times magnified under the light microscope)

Figure 7: The area percentage of new bone formation in
experimental group and control group at each time point

In order to evaluate the ability of BMP-7 derived-peptide
chitosan nanometer hydroxyapatite collagen composite to
promote bone regeneration, we select the rat skull defect
as experimental animal model, which is characterized by

the advantages of simple, standard and reproducible.[11]

Based on the results of the preliminary experiment, the re-
searchers selected 1 mg as the amount of the composite
polypeptide, and polypeptide chitosan nanometer hydrox-
yapatite biomimetic collagen composites and pure chitosan
nanometer hydroxyapatite biomimetic collagen composites
alone were respectively implanted into the rat skull de-
fects. General observation, three dimensional reconstruc-
tion of CT and histological observation were performed at
6 and 12 weeks after the operation. The results showed
that the osteogenic capacity of BMP-7 derived-peptide chi-
tosan nanometer hydroxyapatite biomimetic collagen com-
posite was significantly stronger than the chitosan nanome-
ter hydroxyapatite biomimetic collagen composite alone,
and the difference was significant. It indicated that BMP-7
derived-peptide significantly improved the bone inducibil-
ity of chitosan nanometer hydroxyapatite biomimetic col-
lagen composites. The new biomimetic scaffold material
BMP-7 derived-peptide chitosan nanometer hydroxyapatite
biomimetic collagen is a promising biomimetic bone repair
material.
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