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Abstract: The composite scaffolds are extensively employed to repair and reconstruct damaged bone tissue func-
tion. The present study was designed to explore the nano-hydroxyapatite/bacterial cellulose (nHA/BC) on the pro-
liferation and osteogenic differentiation of rat bone marrow mesenchymal stem cells (BMSCs). The osteoblast in-
duced BMSCs were cultured on nHA/BC scaffolds. The proliferation of BMSCs was determined by the cell counting
kit-8 (CCK-8) assay. The osteogenic response of BMSCs to nHA/BC scaffolds was examined by alizarin red staining.
The mice were divided into three groups: BMSCs + BnHA/BC, osteoblastic BMSCs + nHA/BC and nHA/BC without
cells. The scaffolds of nHA/BC exhibited a good compatibility to BMSCs, and significantly promoted the proliferation
of BMSCs, and obviously improved calcium deposition. The osteoblastic BMSCs on nHA/BC scaffolds stimulated the
phosphorylation of p38. In addition, the recombination of osteoblastic BMSCs with nHA/BC composite significantly
boosted the bone formation in vivo. The scaffolds of nHA/BC may enhance the proliferation and osteoblastic dif-
ferentiation of BMSCs via modulation of p38 signal transduction pathway. The recombination of nHA/BC scaffolds
with BMSCs exerts good ability of ectopic osteoblast, and they may be served as a kind of bone substitute for bone
regeneration.
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Introduction for bone regeneration, and are widely used in
cytotherapy for musculoskeletal diseases [8].
BMSCs are usually considered as seed cells in
cytotherapy due to their differentiation ability
into osteogenic and chondrogenic lineages [8,
9]. Furthermore, BMSCs are extensively used
for tissue engineering for their low immunoge-
nicity, abundant material source and multi-dire-
ctional differentiation potency [10]. To date, the
approaches based on the seeding of BMSCs
into biodegradable polymeric scaffolds have
been greatly developed by many researchers
[14]. Previous study showed that the composite
scaffolds of poly (e-caprolactone), thermoplas-
tic zein and hydroxyapatite (PCL/TZ-HA) signifi-
cantly promoted the proliferation and osteogen-
ic differentiation of rabbit BMCSs in vitro [12].

The goal of bone tissue engineering is to re-
place defect area or damaged tissue by implant-
ing bone substitutes [1, 2]. Bone tissue engi-
neering emerges as a promising way for bone
regeneration to recover the body’s normal phy-
siological structure and function [3]. Seed cells,
growth factors and scaffolds are essential
components during produces for bone tissue
engineering [4]. Numerous investigations have
confirmed the feasibility of composite scaffolds
for bone tissue engineering [5]. Tissue engi-
neered scaffolds are widely used to repair and
reconstruct damaged bone tissue function [6].
The weight ratio of compound, pore size, poros-
ity and mechanical properties are crucial fac-
tors for influencing clinical application of the

composite scaffolds [7]. Anot_her study proveq t_hat BMSCs on hydroxy-
apatite scaffolds exhibited a faster and better
Bone marrow-derived mesenchymal stem cells healing of bone segmental defects [13]. Nano-

(BMSCs) are recognized as a valuable cell type hydroxyapatite (nHA) is demonstrated to a ho-
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peful biomaterial for bone repair due to its bio-
activity, biocompatibility and osteoconductivity
[14].

Bacterial cellulose (BC) is also used for bone
tissue regeneration in tissue engineering, due
to its high biocompatibility, high crystallinity, hi-
gh tensile strength and elastic modulus, and
good biodegradability [15]. However, it is still
unclear whether nHA/BC composite scaffolds
could have excellent bioactivity of attachment,
proliferation and osteoblastic differentiation for
BMSCs. The present study was designed to in-
vestigate the role of nHA/BC composite scaf-
folds on the proliferation, osteogenic differen-
tiation and osteogenesis of rat BMSCs in vitro
and in vivo.

Materials and methods
Animals

The experiments were conformed to the recom-
mendations in the Guide for the Care and Use
of Laboratory Animals of the National Institutes
of Health. The procedures were reviewed and
approved by the Committee on the Ethics of
Animal Experiments of Xuzhou Medical Univer-
sity. The male rats were purchased from Labor-
atory Animal Center, Xuzhou Medical University
and caged in temperature-controlled and hu-
midity-controlled room with a 12 h light and 12
h dark cycle, and were provided standard chow
and tap water ad libitum.

Preparation of scaffolds

The nHA/BC scaffolds were synthesized by a
biomimetic technique [16-18] and kindly pro-
vided by Material Institute of Tianjing University.
Before BMSCs seeding, the nHA/BC scaffolds
were pre-wetted in DMEM-F12 medium for 4 h
and dried in an incubator overnight under ster-
ile conditions.

Isolation and expansion of BMSCs

BMSCs were isolated and cultured as previous-
ly described [19]. In brief, the Spraque-Dawley
(SD) rats aged 3 months old were sacrificed by
an overdose of pentobarbital sodium (150 mg/
kg, iv). The femurs, muscle and connective tis-
sue of each rat were aseptically excised, and
the bone marrow was extracted by flushing the
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medullar cavities under sterile conditions. The
collected marrow was flushed with essential
culture media (DMEM supplemented with 10%
FBS, 100 U/ml penicillin, and 100 yg/ml strep-
tomycin) by a 27-gauge needle attached toa 10
ml syringe. The cell suspension was centrifuged
at 1000 rpm for 10 min, and then the whole
cells were re-suspended in fresh primary media
and added into Percoll separating medium
(GIBCOBRL company), and were seeded into a
25 cm? flask for incubation in a 5% CO, incuba-
tor at 37°C with 95% humidity. The non-adher-
ent cells were washed away after 48 h by re-
placing the medium with fresh complete medi-
um. Then the medium was exchanged every
three days and the cells were passaged when
the cells grew on reaching a confluence of
80-90% in the flasks.

Flow cytometry

BMSCs were characterized and confirmed by
analysis of cell surface markers (CD29, CD34,
CD44 and CD9O0) with flow cytometry as previ-
ous report [20]. BMSCs at passage 3 were incu-
bated with 0.25% trypsin-EDTA (ethylene diami-
ne tetraacetic acid) for 2 min at 37°C and sub-
jected to centrifugation at 2000 r for 5 min. The
obtained cells were washed with phosphate-
buffered saline (PBS), and the cells were then
subsequently cultured with rat monoclonal
anti-CD29-FITC (BD Biosciences, San Jose, CA,
USA), rat polyclonal anti-CD34-FITC (Bioss
Biosynthesis Biotechnology Co., Ltd., Beijing,
China), rat polyclonal anti-CD44-PE (R&D
Systems, Inc., Minneapolis, MN, USA), and rat
polyclonal anti- CD90-PE (Bioss Biosynthesis
Biotechnology Co., Ltd., Beijing, China) for 30
min incubation in the dark at 4°C. The cells
were washed by PBS and analyzed using a flow
cytometer (Gallios; Beckman Coulter, Brea, CA,
USA).

Morphology and proliferation of BMSCs on
nHA/BC scaffolds

The confluent BMSCs at passage 3 were digest-
ed with 0.25% trypsin-EDTA, and seeded onto
nHA/BC scaffolds-placed 24 wells with 10°
cells per ml under a 5% CO, incubator at 37°C
with 95% humidity. The cells on nHA/BC cop-
osite scaffolds were changed with fresh DMEM
medium supplemented with 10% FBS after 24
h. Inverted phase contrast microscope was
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used to investigate the cellular morphology and
attachment of BMSCs on nHA/BC coposite
scaffolds [20]. CCK-8 assay was applied to
detect the proliferation of the BMSCs on nHA/
BC scaffolds [21].

Osteogenic induction of BMSCs

The BMSCs at passage 3 were trypsinized and
seeded at a density of 10%/ml into nHA/BC
scaffolds-placed 6 well plates or non-scaffolds-
placed 6 well plates and then incubated over-
night at 37°C and 5% CO,, to permit cell attach-
ment. The medium was replaced with osteo-
genic induction medium after 24 h. The osteo-
genic induction medium contained 107 mol/L
dexamethasone (Sigma-Aldrich), 10 mmol/L
B-glycerophosphate (China Pharmaceutical Sh-
anghai Chemical Reagent Co., Ltd.), 50 ug/ml
ascorbic acid (Sigma-Aldrich), 1% penicillin/
streptomycin and 10% FBS in DMEM [22].
BMSCs were planted on nHA/BC support and
cultured by osteogenic induction medium (Gr-
oup A); BMSCs were cultured by osteogenic
induction medium (Group B); BMSCs were
planted on nHA/BC support and cultured by
DMEM medium (Group C); BMSCs were cul-
tured by DMEM medium (Group D). The calcium
nodules deposited in the extracellular matrix of
BMSCs in four groups were detected with aliza-
rin red staining after the three-week induction,
and the calcium nodule staining was captured
by Canon DSLR camera.

Western blot

After induction in osteogenic medium or DMEM
medium for one week in four groups, the BM-
SCs were harvested and were lysed using 100
ul of radioimmunoprecipitation assay (RIPA) ly-
sis buffer (Beyotime Institute of Biotechnology,
Shanghai, China). The samples were then cen-
trifuged and total protein concentration was
measured using the Bicinchoninic Acid Kit.
Equal quantities of total protein in each group
were subjected to sodium dodecyl sulfate poly-
acrylamide gel electrophoresis and transferred
onto polyvinylidene fluoride membrane. The
membrane was blocked with 5% non-fat milk
for 60 min at room temperature, following by
overnight incubation with rabbit anti-p38 (Cell
Signaling Technology, Beverly, MA, USA), rabbit
anti-phosphorylated p38 (Cell Signaling Tech-
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nology, Beverly, MA, USA) and rabbit anti-GAP-
DH (Santa Cruz, CA, USA) at 4°C. The mem-
brane was incubated with a secondary antibody
conjugated to horseradish peroxidase, and
visualized by the enhanced chemiluminescent
reagent (Merck Millipore, Billerica, Massachu-
setts, USA). GAPDH was served as an internal
control [23].

Ectopic bone formation by implantation and
degradation test in vivo

The approval of the surgery of animals was the
same with those stated in the isolation section
of BMSCs. All rats were anaesthetized with
sodium pentobarbital (50 mg/kg, i.p.) and
placed in a lateral position. The adequacy of
anesthesia was determined by the absence of
corneal reflexes and paw withdrawal response
to a noxious pinch and surgical manipulation
[24]. The rats were divided into three groups:
BMSCs + (-nHA/BC, osteoblastic BMSCs +
nHA/BC and nHA/BC without cells. After prepa-
ration of the skin, a long incision was made
along the bilateral back axis, and the muscle
was bluntly dissected, and intramuscular po-
uches including one muscle pouch on the left
and two muscle pouch on the right were creat-
ed in this model. The BMSCs/scaffold compos-
ites or scaffolds were implanted into the spati-
um intermusculare. The left muscle pouch was
implanted with osteoblastic BMSCs + nHA/BC
scaffolds, the nHA/BC without cells was im-
planted into upper right side muscle pouch,
and BMSCs + nHA/BC were implanted into
upper lower side muscle pouch. All the disk
scaffolds seeded with 8x10° cells as previously
described. The incisions were sutured and the
rats were fed at the condition of cleaned cages
with water and food ad libitum. The rats were
anesthetized at 12 weeks after implantation
via intraperitoneal injection with a 10% chloral
hydrate solution (0.4 ml/100 g), and were then
scanned along the back axial plane by comput-
erized tomography (CT, Light Speed 64 slice
spiral CT, General Electric, USA, 2.5 mm slice
thickness). The position and bone formation in
the implants were observed in the CT images,
and the implanting materials were taken out
and observed by visual [25]. In addition, the
rats were sacrificed and implants with the sur-
rounding tissues were harvested. Paraffin 5
pm-thick sections were prepared and stained
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Figure 1. Identification of BMSCs in rats. A. The characteristics of primary BMSCs culture after three days. B. The
BMSCs at the first passage. C. The BMSCs at the second passage. D. The BMSCs at the third passage. BMSCs, Bone

Marrow Mesenchymal Stem Cells.

with hematoxylin and eosin (HE) to observe the
ectopic bone formation in rat [26].

Statistics analysis

All data were expressed as mean + SE. All ex-
periments were repeated at least three times.
The statistical analysis was conducted by SPSS
19.0 software (SPSS Inc., Chicago, IL, USA).
Comparisons between two groups were made
by Student’s t test. Differences within groups in
multiple assays were tested by ANOVA and
Dunnett’s t-test. A value of P<0.05 was consid-
ered statistically significant.

Results
Identification of rat BMSCs

The primary BMSCs of rats presented attach-
ment to the wall and characterized as circle or
oval shape with strong refraction after 36 h cul-
ture. The primary BMSCs showed to be short
fusiform, triangular or polygonal shape after
three days’ culture (Figure 1A). The BMSCs
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were purified and passaged upon 90% conflu-
ence at 14 d, and the BMSCs were uniform long
fusiform at the first passage (Figure 1B). The
BMSCs at the second passage were grown to
totally confluence about 5~7 d culture with uni-
form morphology (Figure 1C). The BMSCs at the
third passage were in swirling and paralleled
growth and presented as long fusiform (Figure
1D).

Detection of surface antigen of rat BMSCs at
the third passage with flow cytometry

The surface markers on BMSCs at the third
passage were detected with flow cytometry.
The immunophenotype of BMSCs was charac-
terized by positive expression of CD29, CD44
and CD9O0, and negative expression of CD34.
Our results showed that the positive rate of
CD29, CD44, CD90 were 98.58% (Figure 2A),
97.51% (Figure 2B), 97.20% (Figure 2C), and
the negative rate of CD34 was 94.22% (Figure
2D).

Int J Clin Exp Pathol 2016;9(10):9775-9785
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Figure 2. Detection of surface antigens of BMSCs in rats at the third pas-
sage with flow cytometry. A. CD29 in BMSCs. B. CD44 in BMSCs. C. CD90 in
BMSCs. D. CD34 in BMSCs. BMSCs, Bone Marrow Mesenchymal Stem Cells.

Morphological characteristics of rat BMSCs on
nHA/BC coposite scaffolds

Inverted phase contrast microscope was used
to observe the characteristics of rat BMSCs on
nHA/BC coposite scaffolds. BMSCs were ad-
hered to nHA/BC coposite scaffolds after 24 h
culture and presented as circle and short fusi-
form (Figure 3A). At days 3, most of BMSCs
were long fusiform and the gap of cells became
smaller (Figure 3B). BMSCs were fused and
fully covered nHA/BC scaffolds, and connected
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with the cells around nHA/BC
scaffolds at 7 days (Figure
3C). BMSCs were fused and
grown to one layer on nHA/BC
scaffolds at 9 days (Figure
3D).

Proliferation of rat BMSCs on
nHA/BC coposite scaffolds

The proliferation of rat BMSCs
on nHA/BC coposite scaffolds
was assessed at time points
of1,3,5,7,and 9d. BMSCs in
two groups exhibited a loga-
rithmic multiplication period
from 3 to 7 days and displayed
a growth inhibition at day 9.
The BMSCs on nHA/BC co-
posite scaffolds proliferated
faster than the control group
after the 3th day (Figure 4).
These results indicated the
nHA/BC scaffolds had a good
cell biocompatibility, and may
be able to promote prolifera-
tion of BMSCs.

Phosphorylated p38 level in
BMSCs of different groups

BMSCs were planted on nHA/
BC scaffolds and cultured by
osteogenic induction medium
(Group A); BMSCs were cul-

tured by osteogenic induction
medium (Group B); BMSCs
were planted on nHA/BC scaf-
folds and cultured by DMEM-
F12 medium (Group C);
BMSCs were cultured by
DMEM-F12 medium (Group
D). Our results showed that
the expression of total p38
protein had no significant dif-
ference in all groups. The p38 phosphorylation
levels in group A and group B were higher than
those in both group C and group D. Moreover,
the level of phosphorylated p38 was higher in
group A than group B, while the p38 phosphory-
lation level group C was higher than group D
(Figure 5).

Osteogenic differentiation of BMSCs in differ-
ent groups

The osteogenic differentiation of BMSCs was
evaluated by Alizarin Red staining. Positive

Int J Clin Exp Pathol 2016:9(10):9775-9785
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Figure 3. Morphological characteristics of BMSCs in rats on nHA/BC coposite scaffold. A. BMSCs on nHA/BC co-
posite scaffold after 24 h. B. BMSCs on nHA/BC coposite scaffold after 3 days. C. BMSCs on nHA/BC coposite scaf-
fold after 7 days. D. BMSCs on nHA/BC coposite scaffold after 9 days. The arrow indicated the boundary of nHA/BC
stent. BMSCs, Bone Marrow Mesenchymal Stem Cells.
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Figure 4. The proliferation of rat BMSCs on nHA/BC
coposite scaffold evaluated with CCK-8 kits at the
indicated time. Values are mean + SD. *P<0.05 vs.
Control. n=6 for each group. The data in absorbance
between groups at the same indicated time were
compared with Student’s t test.

Alizarin Red staining through the matrix at the
surface layer of group A was greater than that
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of the group B. The Alizarin Red staining was
negative in group C and group D (Figure 6).

Osteogenesis in rat muscle pouch observed by
CT scanning

The oval bone development of 1.0 cmx1.0
cmx0.3 cm appeared on the left muscle pouch
(Figure 7A-C), while the non-induced group and
control group had no bone development.

Bone formation of tissues in different groups

There was no new bone formation on the
implanted materials in control group and non-
induced group, the nHA/BC scaffolds in both
control group and non-induced group was
wrapped by thin fiber, the surface of tissues
was darker than original materials (Figure 8A,
8B). The recombination nHA/BC scaffolds with
BMSCs by osteogenic induction was entirely
wrapped by white bone tissue with unclear
boundary (Figure 8C).

Int J Clin Exp Pathol 2016;9(10):9775-9785
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the nHA/BC scaffolds gradu-
ally degraded with bone for-
mation. These results indicat-
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BMSCs can be modulated by
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Figure 5. The phosphorylated p38 level in BMSCs of different groups. BM-
SCs were planted on nHA/BC support and cultured by osteogenic induction
medium (A); BMSCs were cultured by osteogenic induction medium (B); BM-
SCs were planted on nHA/BC support and cultured by DMEM-F12 medium
(C); BMSCs were cultured by DMEM-F12 medium (D). Values are mean + SD.

the nHA/BC scaffolds. We
developed a combined nHA/
BC scaffolds that exerted
a biocompatibility of BMSCs,
which may be clinically useful
for bone tissue engineering.

*P<0.05 vs. Group A; 1P b 0.05 vs Group B; #P b 0.05 vs Group C. n=4 for

each group. One-way ANOVA was used to compare the differences in phos-
phorylated p38 level in different groups, and the comparisons between two
groups were analyzed by One-way ANOVA post hoc Bonferroni test.

H&E staining for tissues in different groups

It is evidenced that more fibrous tissue, but no
bone or cartilage tissue in the pore spaces of
implanted nHA/BC scaffolds was present in the
control group and non-induced group (Figure
9A, 9B). The mature woven bone and bone tra-
becular were appeared in the group of BMSCs
on nHA/BC scaffolds by osteogenic induction
(Figure 9C).

Discussion

The reconstructive surgery requiring bone gra-
fts is increasing in worldwide hospitals [27].
Autologous or allogenic bone graft is clinically
used for bone repair in bone fractures and trau-
ma-related injuries. However, it is recently revi-
ewed the high risk of disease transmission and
rejection in allografts and xenografts [28]. Bo-
ne tissue engineering is recognized as an alter-
native and developing option that has been in-
troduced to improve the osteogenesis of the
bone fractures and defects [29]. In the present
study, we prepared nHA/BC scaffolds utilizing
the biomimetic technique. Our results showed
that (1) BMSCs could adhere and spread on
nHA/BC scaffolds; (2) BMSCs proliferated fast-
er on the nHA/BC scaffolds than pure BMSCs;
(3) osteogenic differentiation of BMSCs on
nHA/BC scaffolds was higher than those cul-
tured upon the pure nHA/BC scaffolds in the
presence or absence of osteogenic supplem-
ents; (4) the new bone formation, mature woven
bone and bone trabecular in the pores of the
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Bone tissue engineering is
used to develop tissue-engi-
neered constructs that hol-
ds osteogenic, osteoinductive
and osteoconductive properties for bone regen-
eration [14]. The appropriate bioactivity materi-
als for bone tissue engineering include a vari-
ety of factors: (1) the scaffolds can be able to
regulate the adhesion, growth and differentia-
tion of stem cells; (2) stem cells on scaffolds
can undergo differentiation to osteoblasts; (3)
the bioresorbable scaffolds can stimulate the
cellular attachment, proliferation and differen-
tiation [15]. Moreover, the combined use of
scaffolds and BMSCs may open new insights of
bone regenerative medicine [6]. The scaffolds
of nHA have a good biocompatibility of BMSCs
and display a good potential to support the pro-
liferation and ostogenic differentiation of
BMSCs [27]. BC has attracted extensive atten-
tion all over the world due to its potential as
nanofiber scaffolds for bone tissue engineering
[20]. In the present study, our results showed
that the primary BMSCs were expanded until
passage 2, and BMSCs at the second passage
were grown to totally confluence with uniform
morphology under inverted phase contrast
microscope, which are typical morphologic fea-
tures of BMSCs. In addition, the BMSCs were
CD29, CD44, CD90 positive, but CD34 nega-
tive, which further confirmed the characters of
BMSCs. We also found that BMSCs were
adhered to nHA/BC coposite scaffolds and fully
grown to one layer on nHA/BC scaffolds at 9
days. The BMSCs on nHA/BC coposite scaf-
folds proliferated faster than the control group
after the 3th day. These results indicated the
nHA/BC scaffolds had a good cell biocompati-
bility of BMSCs, and may be able to promote
proliferation of BMSCs.

Int J Clin Exp Pathol 2016:9(10):9775-9785
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Figure 6. Osteogenic differentiation of BMSCs were observed with alizarin red staining in different groups. BMSCs
were planted on nHA/BC support and cultured by osteogenic induction medium (A); BMSCs were cultured by os-
teogenic induction medium (B); BMSCs were planted on nHA/BC support and cultured by DMEM-F12 medium (C);

BMSCs were cultured by DMEM-F12 medium (D).

Previous studies disclosed that combined scaf-
folds-BMSCs may have a better potential in in-
ducing osteogenic differentiation in vitro and in
vivo settings [30]. BMSCs with osteogenic dif-
ferentiation have been described to be a poten-
tial candidate for bone regeneration [31].

It is reported that nHA-chitosan nanocompos-
ites can accelerate the adhesion, proliferation
of BMSCs via activation of the integrin-BMP/
Smad signaling pathway [32]. The p38-MAPK is
critical for osteogenesis and differentiation of
BMSCs [33]. Recent study indicates that aker-
manite bioceramics promote osteogenesis for
osteoporotic bone regeneration by activation of
p38 signaling pathway [34]. In the present
study, we found that BMSCs on nHA/BC scaf-
folds cultured by osteogenic induction medium
significantly promote deposition of calcified ma-
trix on the surface of the culture dish evidenced
by alizarin red staining, and stimulated the pho-

9782

sphorylation of p38. These results hinted that
nHA/BC scaffolds can promote osteogenesis
and differentiation of BMSCs associated with
p38 activation in vitro.

It is revealed that more de novo bone and col-
lagen formation in the pores of the scaffolds
gradually increased from 2 weeks post-implan-
tation in group of nHA-chitosan osteo-induced
BMSC composites [35]. The scaffolds of calci-
um phosphate, bone morphogenetic proteins
and mesenchymal stem cells can more effec-
tively repair bone defects than an autograft in
vivo [36]. It is reported that the BMP-VEGF-
PLGA-CPC scaffolds have osteogenic and an-
giogenic activity by radiographic and histologi-
cal analysis [37]. In present study, we showed
that the oval bone development of 1.0 cmx1.0
cmx0.3 cm appeared on the left muscle pouch,
the recombination nHA/BC scaffold with BM-
SCs by osteogenic induction was entirely wra-

Int J Clin Exp Pathol 2016;9(10):9775-9785
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Figure 7. Osteogenesis in rat muscle pouch observed by CT scanning. A. The overall figure of rats. B. Location map
of Implants osteogenic tissue. C. Bone tissue in muscle pouch of rats subjected to implantation of BMSCs on nHA/
BC coposite scaffold by osteogenic induction. The arrow indicated the bone tissue.

Figure 8. Bone formation of tissues in different groups. A. The rats were implanted with nHA/BC coposite scaffold
without any treatment. B. The rats were implanted with BMSCs on nHA/BC coposite scaffold by ordinary culture
medium. C. The rats were implanted with BMSCs on nHA/BC coposite scaffold by osteogenic induction.
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Figure 9. HE staining for tissues in different groups. A. The rats were implanted with nHA/BC coposite scaffold
without any treatment. B. The rats were implanted with BMSCs on nHA/BC coposite scaffold by ordinary culture
medium. C. The rats were implanted with BMSCs on nHA/BC coposite scaffold by osteogenic induction.

pped by white bone tissue with unclear bound- newly developed nHA/BC scaffolds may be
ary, and the mature woven bone and bone tra- considered as a good candidate for bone tissue
becular were appeared in the group of BMSCs engineering and bone regenerative medicine
on nHA/BC scaffolds by osteogenic induction. applications.

These results suggested that nHA/BC osteo-
induced BMSC composites significantly enhan-
ced the osteogenic ability and bone formation
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