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Abstract Mesoporous magnesium silicate (m-MS) and
poly(e-caprolactone)–poly(ethylene glycol)–poly(e-caprolactone) (PCL–PEG–PCL) composite scaffolds were fabricated by solvent-casting and particulate leaching method.
The results suggested that the incorporation of m-MS into
PCL–PEG–PCL could significantly improve the water
adsorption of the m-MS/PCL–PEG–PCL composite
(m-MPC) scaffolds. The in vitro degradation behavior of
m-MPC scaffolds were determined by testing weight loss
of the scaffolds after soaking into phosphate buffered saline (PBS), and the result showed that the degradation of
m-MPC scaffolds was obviously enhanced by addition of
m-MS into PCL–PEG–PCL after soaking for 10 weeks.
Proliferation of MG63 cells on m-MPC was significantly
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higher than MPC scaffolds at 4 and 7 days. ALP activity on
the m-MPC was obviously higher than MPC scaffolds at
7 days, revealing that m-MPC could promote cell differentiation. Histological evaluation showed that the introduction of m-MS into PCL–PEG–PCL enhanced the
efficiency of new bone formation when the m-MPC scaffolds implanted into bone defect of rabbits. The results
suggested that the inorganic/organic composite of m-MS
and PCL–PEG–PCL scaffolds exhibited good biocompatibility, degradability and osteogenesis.

1 Introduction
During the last decades, the development of bioactive
biomaterials for hard tissue replacement has allowed
important advances in the field of bone grafting, and these
bioactive biomaterials exhibit highly reactive surfaces that
can bond to the living tissues [1, 2]. The link is named
bioactive bond (also called bone-bonding), which is initiated through the nucleation and growth of apatite at the
interface of implant-bone tissue [3]. The newly formed
apatite, together with the adsorption of biological moieties,
constitutes an excellent layer for the action of osteoblasts
and the subsequent bone-implant fixation [4].
Mesoporous materials with pores ranging in size from 2
to 50 nm, have received enormous attention owing to their
potential applications in catalysis, separation, biomaterials,
drug release and so on [5, 6]. Recently, the use of mesoporous materials for bone tissue regeneration has been
proposed, because their large surface area and pore volume
may enhance their bioactive behavior and promote new
bone formation [5]. The biocompatible and bioactive
mesoporous materials will favor the cellular growth and
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bone regeneration being useful for building macroporous
scaffolds to be applied in tissue engineering [7]. Recently,
magnesium-based biomaterials as the bone regeneration
materials have been paid much attention, such as biodegradable magnesium alloys, magnesium-containing bioactive glasses and Mg-substituted calcium phosphate bone
cements and so on [8]. The scaffolds with mesoporosity
will enhance the tissue oxygenation and also the possibility
to introduce different drugs for controlled release [9].
Designing these macroporous scaffolds must have to take
into account that the pore size must be large enough with a
high pore interconnection in order to deal with cellular
moieties and vascular intergrowth [10].
Poly(e-caprolactone)–poly(ethylene glycol)–poly(e-caprolactone) (PCL–PEG–PCL) has attracted much interest
because of its good biocompatibility and degradability
[11]. PCL–PEG–PCL is a linear polyester copolymer
composed of a hydrophobic poly(e-caprolactone) (PCL)
block and a hydrophilic polyethylene glycol (PEG) block,
both PCL and PEG are well known FDA-approved biomaterials and they have been widely used in biomedical
field [12]. PCL–PEG–PCL was prepared into drug-loaded
nanoparticles and drug delivery behaviors were investigated [13].
There have been a lot of studies in the literature focusing
on the composite scaffolds created by combining biodegradable polymers and bioactive inorganic materials, such
as bioglass, calcium phosphate, hydroxyapatite and calcium silicate etc. [14, 15]. However, to our knowledge,
there was no previous report about the preparation of
mesoporous magnesium silicate (m-MS)/PCL–PEG–PCL
composite scaffolds for bone tissue regeneration. It is
expected that the biological performances of polymerbased composite scaffolds should be improved if m-MS
was incorporated into PCL–PEG–PCL. Therefore, in this
study, m-MS/PCL–PEG–PCL composite (m-MPC) scaffolds were prepared, and the effects of m-MS on the water
absorption, in vitro degradability, and primary cell/tissue
responses to the composite scaffolds were investigated.

2 Materials and methods
2.1 Preparation of m-MS and PCL–PEG–PCL
Mesoporous magnesium silicate (m-MS) was prepared by
sol–gel method. 3.0 g of surfactant EO20PO70EO20 (polyethylene oxide)20(polypropylene oxide)70(polyethylene
oxide)20 (P123, Mw = 5800, Sigmae Aldrich) was dissolved in 120 mL of 2 M HCl and 30 mL of distilled water
while stirring at 37 °C in water bath until the solution
became clear. 8.5 g of tetraethyl orthosilicate (TEOS,
Sigmae Aldrich) and 9.6 g of Mg(NO3)2 4H2O were then
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added into the solution. The mixture was stirred at room
temperature for 24 h, and the resulting product was dried at
60 °C for 24 h without any filtering and washing. After
that, the m-MS was calcined at 600 °C for 3 h to remove
the surfactant template and the final m-MS products were
obtained, then the m-MS were ground into powders for
further use. The magnesium silicate (MS) was synthesized
as a control in the same way without addition P123. The
nitrogen adsorption–desorption isotherms of m-MS were
obtained by using Micromeriticsporosimeter (Tristar 3000,
USA). The morphology and mesoporous structure of m-MS
was analyzed using scanning electron microscopy (SEM;
S-3400N, Hitachi, Japan) and transmission electron
microscope (TEM; JEM2010, JEOL, Japan).
PCL–PEG–PCL with both hydrophobic PCL and
hydrophilic PEG was synthesized as the raw materials for
fabricating composite scaffolds. A three-necked flask was
purged by nitrogen and heated to 90 °C. Then, PEG methyl
ether and a catalyst, stannous 2-ethylhexanoate were
introduced to the flask for 30 min. Then, CL was added to
the flask to start the ring-opening polymerization at 120 °C
for 24 h. In the purification process, the product was first
dissolved in dichloromethane and then precipitated in a
mixture of n-hexane and ethyl ether at a volumetric ratio of
3:7. This step was done for several times to purify the
product (PCL–PEG–PCL). 1H NMR spectra spectra were
recorded on a Unity-400 NMR spectrometer (Avance 550,
Bruker, Switzerland) at room temperature, with CDCl3 as
solvent and tetramethylsilane as an internal reference
standard. All other chemicals used were of analytical grade
and purchased from Shanghai Sinopharm.
2.2 Preparation of m-MS/PCL–PEG–PCL composite
scaffolds
The m-MPC scaffolds were prepared by solvent-casting
and particulate leaching method. PCL–PEG–PCL was
dissolved in chloroform at a concentration of 8 % (w/v)
and m-MS was added to produce composites with m-MS
content of 30 wt%. The mixture was stirred continuously
for 1 h and sodium chloride (NaCl) was added as porogens
(size: 400 lm; NaCl/PCL = 8/1, w/w), and the mixture
was cast into Teflon molds containing 20 wells (well: U
10 9 5 mm). The samples were air-dried in a fume hood
for 24 h. To leach out the salt, the dry samples were
immersed in deionized water for 48 h at room temperature,
with water changes approximately every 12 h. The
obtained scaffolds were dried in air for 24 h and vacuumdried overnight. MS/PCL–PEG–PCL composite (MPC)
scaffolds with 30 wt% MS were prepared as controls by
using the same way. Surface morphology of the scaffolds
was examined by SEM, and porosity was measured in
distilled water by the Archimedes method.
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2.3 Water absorption and degradability

density of 3 9 105 on the scaffolds, and MPC and tissue
culture plate (TCP) used as controls, followed by incubation for 1, 4 and 7 days, with the medium replaced every
day. Viable cells on the substrates were assessed quantitatively using the MTT assay. Sample-cell constructs were
placed in culture medium containing MTT and incubated in
a humidified atmosphere at 37 °C for 4 h. After the
supernatants were removed, dimethyl sulfoxide (Sinopharm, Shanghai, China) was added to each well to completely dissolve the MTT reagent. The OD of each well
was measured at 590 nm in a microplate reader (ELX 800,
Bio-Tek, USA) using a reference wavelength of 620 nm.
Approximately 50 mL of culture medium containing
5 9 104 MG63 cells was seeded on the top of the m-MPC
scaffolds which had previously been placed in 24-well
culture plates. Cells were allowed to attach to substrates for
4 h, and then 1 mL of fresh culture medium was added to
each well. Cells were incubated for 1, 3 and 5 days in a
humidified atmosphere at 37 °C and 5 % CO2. After the
various culture times, scaffolds were washed twice with
PBS solution and fixed with 4 % formalin in PBS (pH 7.4)
for 20 min. They were subsequently washed twice with
PBS solution and dehydrated in a series of graded ethanol
(50, 60, 70, 80, 90 and 100 % v/v) for 3 min each. Finally,
the scaffolds were air-dried in a desiccator overnight. Cell
morphology on the scaffolds was observed by SEM.

The water absorption of the biomaterial is an important
factor for cell adhesion and growth. The water absorption
of the m-MPC scaffolds containing 30 wt% m-MS with the
size of A10 9 5 mm was tested by immersion of samples
into water for 1, 2, 3, 6, 12 and 24 h, and MPC scaffolds
with 30 wt% MS was used as a control. The percentages of
water absorption were calculated from the following
equations:

Water absorption ð%Þ ¼ 100  Wt;wet  Wdry =Wdry ;
where, Wdry is the starting dry weight and Wt,wet is the wet
weight after water absorption at time t.
The biomaterials used for bone regeneration should be
degradable and gradually replaced by new bone tissue, and
the in vitro weight loss of the biomaterials in PBS could be
used to forecast its biodegradability in vivo. Therefore, the
in vitro degradation behavior of m-MPC were determined
by testing the weight loss ratio of the m-MPC containing
30 wt% m-MS with the size of A10 9 5 mm after soaking
into PBS at different time, and MPC was used a control,
and the buffer was refreshed every 3 days. After soaking,
the specimens were removed from the liquid, rinsed with
distilled water, and dried in a vacuum oven for 12 h. Percent weight loss was computed according to the following
equation:

2.5 Alkaline phosphatase activity

Weight loss ð% Þ ¼ 100  ðW0  Wt Þ=W0;
where, W0 is the starting dry weight and Wt is the dry
weight at time t.
The pH of microenvironment after biomaterials implantation is very important for the cell growth. Therefore, the pH
of the solution after soaking the samples into PBS was
measured using an electrolyte-type pH meter for 7 days
without changing the solution.
2.4 Cell proliferation and morphology
MG63 osteoblast-like cells (Cambrex Bio Science Walkersville, Inc.) were cultured in a-Modified Eagle’s Medium
(Gibco, Carlsbad, CA, USA) containing 10 % fetal calf
serum (Gibco), 100 lg/mL streptomycin (Amresco,
Cleveland, USA) and 100 lg/mL penicillin (Amresco) at
37 °C in a humidified atmosphere of 5 % (v/v) CO2. The
cell culture medium was changed every 3 days.
Generally, MTT assay is used to assess cell proliferation
because optical density (OD) values can provide an indicator of the cell growth on biomaterials. The m-MPC
scaffolds with the size of A10 9 5 mm were sonicated in
ethanol and sterilized using ultra-violet light. Cell proliferation was evaluated after seeding MG63 cells with a

ALP activity has been used as an early marker for functionality and differentiation of osteoblasts during in vitro
experiments. In this study, 5 9 104 MG-63 cells were
seeded on the m-MPC scaffolds (MPC and TCP as controls) with the size of A 10 9 5 mm, and ALP activity was
measured on days 1, 4 and 7. The adherent cells were
removed from samples and lysed with PBS; this procedure
was followed by adding a cell lysis buffer containing 0.1 %
Triton X-100 to the samples and frozen at -20 °C. The
frozen samples were thawed at 37 °C for 5 min to measure
ALP activity according to the manufacturer’s instructions
(ALP kit 104; Sigma). A 50 mL sample was mixed with
50 mL p-nitrophenol in a 1 M diethanolamine buffer
containing 0.5 mM MgCl2 (pH 9.8) and incubated at 37 °C
for 15 min on a bench shaker. The reaction was stopped by
adding 25 mL of 3 N NaOH per 100 mL of reaction
mixture. The number of cells was determined by measuring
the DNA content using Quant-iT(tm) Pico-Green dsDNA
reagent kits (Molecular Probes, Eugene, OR, USA). Sample DNA was quantified by measuring fluorescence with a
Synergy HT Multi-Detection Microplate Reader (BioTek,
Winooski, VT, USA) at wavelengths of 480 nm excitation
and 520 nm emissions. Enzyme activity was quantified by
measuring absorbance at 405 nm, and ALP activity was
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calculated from a standard curve after normalizing to the
total DNA content.
2.6 Osteogenesis in vivo
Osteogenesis in vivo of the m-MPC scaffolds was evaluated using histological methods, and the study was
approved by the Research Center for Laboratory Animal
of Shanghai University of Traditional Chinese Medicine.
12 healthy New Zealand white rabbits with an average
weight of 3.2 kg were used for the implantation of the
scaffolds. Under general anesthesia and sterile conditions,
the left femur of each rabbit was exposed and one defect
(A 6 mm) was drilled in the distal part of the femur. The
bone cavities were washed to eliminate bone debris and
dried with gauze. Scaffolds with the size of A 6 9 6 mm
were implanted into the defects in the rabbit femora.
Three animals of each group (one group as a control)
were sacrificed by an overdose abdominal injection of
pentobarbital sodium 1, 2 and 3 months after implantation. The samples together with surrounding tissue were
excised, fixed in 10 % neutral buffered formalin, decalcified and embedded in paraffin. Tissue blocks were
sectioned to 4 lm in thickness and stained with Masson
trichrome, and observed with light microscope (CX21,
Olympus, Japan).
To quantitatively determine the amount of newly
formed bone, statistically analysis of the histological
sections was performed at different implantation time (1,
2 and 3 months). Three pieces of histological sections
were randomly selected from each group (m-MPC and
MPC scaffolds). After H&E staining, each section was
observed under light microscope, and at least 5 images
were randomly obtained in the same section. Using image
analytical software Image-ProPlus (Media Cybernetics,
USA), new bone area was expressed as percentage of
newly formed bone area within the original drill defect
area.

Fig. 1 SEM (a) and TEM (b) images of mesoporous magnesium silicate
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2.7 Statistical analysis
Statistical analysis was performed using one-way ANOVA
with post hoc tests. All results are expressed as the
mean ± standard deviation (SD). Difference was considered statistically significant at P \ 0.05.

3 Results
3.1 Morphology and microstructure of m-MS
Figure 1 presents the SEM and TEM images of the morphology and microstructure of the m-MS powder samples.
It can be clearly found that the m-MS was irregular particle
and partially gathered into a rod as shown in Fig. 1a. The
TEM image shows that the m-MS with the mesopore size
of about 4 nm has the highly ordered 1D cylindrical
channels of hexagonal arrangement as shown in Fig. 1b,
and the cylindrical pore channels were more clearly
observed in the m-MS. The results reveal that the prepared
m-MS has a uniform mesoporous structure with the same
size. The N2 adsorption–desorption results showed that the
specific surface area and pore volume of m-MS were
513 m2/g and 0.46 cm3/g while MS were 87 m2/g and
0.22 cm3/g, respectively. The results indicated that the
m-MS had higher surface area and pore volume than MS.
3.2 Morphology and microstructure of m-MPC
scaffolds
To confirm the fabrication of PCL–PEG–PCL copolymer,
1
H NMR spectrum was recorded and the characteristic
absorption peaks were shown in Fig. 2. It can be seen that
the peaks at 4.05 (d), 2.34(a), 1.66(b), and 1.38(c) ppm are
assigned to methylene protons of –CH2–, –OCCH2–,
–(CH2)2– and –CH2– in PCL units, respectively. The sharp
peak at 3.64 ppm is attributed to methylene protons of

1419

Water adsorption (%)

J Mater Sci: Mater Med (2014) 25:1415–1424
160
140
120
100
80
60

m-MPC

40

MPC

20
0

0

5

10

15

20

25

30

35

40

45

50

Time (h)
Fig. 2 1H

NMR

of

triblock

copolymer

in

CDCl3,

and

Fig. 4 Water adsorption of the m-MPC and MPC scaffolds with
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Fig. 3 Photo of m-MPC scaffolds (a), and SEM images of the scaffolds under different magnifications, b 950 and c 9100

–CH2CH2O– in PEG units in block copolymer. The results
indicated that the prepared polymer was PCL–PEG–PCL.
The photo of m-MPC scaffold is shown in Fig. 3a, and
the surface morphology and microstructure of the scaffold
under various magnifications are shown in Fig. 3b, c. The
scaffold exhibits the macroporous structure with completely open and interconnected pores. By SEM, the pores
appear almost irregular in shape, with diameters of around
400 lm as shown in Fig. 3a. High-magnification SEM
image further reveal that a number of small pores (around
50 lm) are distributed across the macroporous walls as
shown in Fig. 3b. The porosity of the composite scaffolds
prepared by this method was around 74 %.

3.3 Water absorption of MPC scaffolds
Figure 4 shows the water absorption ratio of the m-MPC
scaffolds for various time periods. It is found that both
m-MPC and MPC scaffolds continued to absorb water
with time. However, the water absorption ratio of
m-MPC and MPC scaffolds was 78 and 45 % after
soaked into water at the first 0.5 h, and reached 132 and
89 % after immersed for 12 h, respectively. The results
indicated that both m-MPC and MPC scaffolds could
absorb a large amount of water, and the water absorption
ratio of the m-MPC was greatly higher than that of MPC
scaffolds.
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Fig. 5 Weight loss of the m-MPC and MPC scaffolds after immersing into PBS with time
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Fig. 7 OD value of MG-63 cells cultured on the m-MPC and MPC
scaffolds, and TCP as a control. Asterisk indicate significance
difference, represents P \ 0.05

values could provide an indication for cell growth on various
materials, and TCP as a control. Figure 7 reveals that the OD
value for all the samples increased with time, and no significant differences was found for all the samples at 1 day. The
OD values for m-MPC were significantly higher than MPC
scaffolds and TCP at 4 and 7 days (P \ 0.05). These results
indicated that cell growth and viability were superior in
m-MPC than MPC scaffolds, suggesting that m-MPC scaffolds facilitates cell growth and can promote cell proliferation.
Fig. 6 Changes of pH in PBS solution after immersion the m-MPC
and MPC scaffolds for different periods

3.4 Degradability of m-MPC scaffolds and changes
of pH in PBS solution

3.6 Cell morphology
Figure 8 presents SEM images of the morphology features
of MG63 cells cultured on the m-MPC and MPC scaffolds
at 4 days, respectively. At 4 days, MG63 cells had extended and spread better on the m-MPC than MPC scaffold
surface, and the number of cells on the m-MPC was more
than that of MPC scaffold surface. The results indicated
that there was a little difference in morphology of MG63
cells cultured on both the m-MPC (spread well) and MPC
(long spindle) scaffolds. All the cells exhibited intimate
contact with the m-MPC and MPC scaffold surface,
showing good cytocompatibility of the m-MPC and MPC
scaffolds.

Figure 5 presents weight loss ratio of the m-MPC and MPC
scaffolds after immersing in PBS as a function of incubation
time. The results reveal that the weight loss ratio of both two
scaffolds increased with incubation time, and the weight loss
ratio of m-MPC and MPC scaffolds were 83 and 56 wt% at the
end of 10 weeks. It is clear that the degradation ratio of
m-MPC was significantly higher than MPC scaffolds.
The changes of pH value in PBS during the soaking
experiment as shown in Fig. 6. It is found that two different
profiles of pH changes were evident. For the m-MPC scaffolds, the pH showed an increase of 7.8 during the first 1 week,
then gradually decreased at a very slow rate and stopped at 7.2,
respectively at the end of the 7 weeks soaking. For the MPC
scaffolds, the pH showed a slight increase of 7.7 for the first
4 weeks followed by a rapid decrease at for the last 3 weeks.
At the end of the 7 weeks, the pH stabilized at an approximate
value of 7.1. The results indicated that no obvious change of
pH of PBS solution was found for both m-MPC and MPC
scaffolds after immersion for 7 weeks.

ALP activity was assessed at 4 and 7 days, as shown in Fig. 9.
At 4 days, ALP expressed at lower levels, and no significant
differences were detected both m-MPC and MPC scaffolds.
Subsequently, ALP activity increased with time, and the cells
on the composites exhibited higher levels of ALP activity at 7
than 4 days, indicating that cells differentiated most at 7 days.
Moreover, at 7 days, ALP activity on the m-MPC was significantly greater than MPC scaffolds (P \ 0.05).

3.5 Cell proliferation

3.8 Histological evaluation

Proliferation of MG63 cells cultured on the m-MPC and MPC
scaffolds was assessed using the MTT assay becauseOD

At 1 month after operation, a few newly formed bone tissues
were found to deposit at the interface between the m-MPC
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(a)

(b)

Fig. 8 SEM images of MG63 cells cultured on the m-MPC (a) and MPC (b) scaffolds for 4 days. Asterisk represent the cells spread on the
surfaces of the two kinds of the materials

for MPC at 3 months, respectively. These results confirmed
that the m-MPC revealed excellent biocompatibility and
osteogenesis, presented high efficiency of bone formation.
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Fig. 9 ALP activity of MG-63 cells cultured on m-MPC and MPC
scaffolds with time. Asterisk indicate significance difference, represents P \ 0.05

scaffold materials and host bone tissue as shown in Fig. 10a.
At 2 months after operation, more newly formed bone tissues were found to grow into the pores of the scaffolds and
the amount of bone matrix on the scaffolds were observed (as
shown in Fig. 10b). At 3 months, it was found that new bone
regenerated and penetrated through the interconnected pores
into the center of the m-MPC scaffolds as shown in Fig. 10c.
It could be seen that the sufficient amount of mature bone
tissues grew into the pores of the scaffolds. Figure 9d shows
the MPC scaffolds implanted into bone defects for 3 months,
it was found that only a few new bone tissues regenerated and
penetrated through the interconnected pores into the center
of the MPC scaffolds.
3.9 New bone area analysis
Quantitative determination of newly formed bone was
conducted utilizing statistical analysis of histological sections. The percentage of newly formed bone area at each
implanted time period is shown in Fig. 11. It is noted that
the area of newly formed bone in defect area increased with
time for both m-MPC and MPC scaffolds. 68 % of the
bone defect was filled with new bone for m-MPC at
3 months while the area of newly formed bone was 42 %

Bioactive materials play an important role in the development of biomedical technology for bone repair [16, 17].
Mesoporous materials having pore sizes in the range of
2–50 nm are promising candidates as bioactive materials
for bone regeneration [18, 19]. Furthermore, these mesopores form ordered arrangements, with high surface area
and pore volume, leading to biomedical applications as
systems for bone tissue regeneration [20]. As the mesoporous materials have unique structural characteristics, it is
reasonable to assume that mesoporous materials may possess special biological performances. During the past few
years, considerable effort has been spent on researching
inorganic/organic polymer based biocomposite scaffolds,
and a biocompatible and bioactive porous scaffold is a
temporary carrier for implanted cells in bone tissue engineering [21, 22]. Therefore, in this study, the m-MS with
huge specific surface area and pore volume was added into
PCL–PEG–PCL to prepare m-MPC scaffolds.
The water absorption of the biomaterial is an important
factor for cell adhesion and growth, and the improvement
of absorption of liquids of tissue engineering scaffolds is
beneficial to the interactions between cells and scaffolds
through eliciting controlled cellular adhesion and maintaining differentiated phenotypic expression [23, 24]. In
this study, the water absorption of m-MPC and MPC
scaffolds reached 132 % and 67 % after immersed into
water for 12 h, respectively. The results indicated that both
m-MPC and MPC scaffolds could absorb a large amount of
water, and the water absorption of the m-MPC was greatly
higher than MPC scaffolds. The water absorption of the
m-MPC scaffolds showed remarkable improvement
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Fig. 10 H&E stained section of m-MPC scaffolds implanted into bone defects of rabbit femora for a 1, b 2 and c 3 months, and the control of
MPC scaffolds for d 3 months. M represents gradually degraded materials and B represents newly formed bone tissue, respectively
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Fig. 11 Percentage of newly formed bone area in both m-MPC and
MPC at each implanted time period. Asterisk indicate significance
difference, represents P \ 0.05

through the incorporation of m-MS with huge specific
surface area and pore volume into PCL–PEG–PCL, suggesting that the introduction of m-MS into the polymer
increased its capacity to absorb water, which was a viable
method of improving the absorption of polymers.
The in vitro degradation behavior of m-MPC scaffolds
were determined by testing weight loss of the samples after
soaking into PBS [25]. The result revealed that the weight
loss of both two scaffolds increased with time, and the
weight loss of m-MPC and MPC scaffolds were 83 and
56 wt% at the end of 10 weeks, respectively. Clearly, the
weight loss of m-MPC was significantly higher than MPC
scaffolds, revealing that the m-MPC had a much faster
degradation rate than MPC. The m-MPC had different the

123

degradation behavior from MPC scaffolds because it had
different microstructure by addition m-MS into PCL–PEG–
PCL.
Studies have shown that the acidic degradation product
of the poly (a-hydroxy acids), such as polylactide acid
(PLA), polyglycolic acid (PGA) polymers and their
copolymer PCL–PEG–PCL, resulted in pH decrease in the
vicinity of the biomaterials implanted in vivo [26, 27], and
our previous study has shown that the pH value of the
PCL–PEG–PCL fell to 5.3 within 4 weeks. In this study,
the pH-compensation ability of bioactive inorganic m-MS
on the acidic degradation products of PCL–PEG–PCL was
evaluated. The results indicated that the pH of both the
m-MPC and MPC scaffolds was maintained between 7.8
and 7.1 throughout the soaking period. As for the compensation of the pH decrease, the reasons could account for
delay of PCL–PEG–PCL dissolution with m-MS or MS, or
for neutralization in solution due to alkali ion released from
m-MS or MS. It could be suggested that incorporations of
m-MS or MS into PCL–PEG–PCL were effective in
compensation of the pH decrease caused by the acidic
degradation products of the PCL–PEG–PCL.
Bioactive biomaterials need to interact actively with
cells and stimulate cell growth [28]. The results revealed
that the MG63 osteoblast-like cells were able to proliferation on the m-MPC scaffolds, as demonstrated by the
MTT assay. The results revealed that both m-MPC and

J Mater Sci: Mater Med (2014) 25:1415–1424

MPC scaffolds could stimulate the MG63 cells growth and
proliferation with time, and the cell viability on the
m-MPC was significantly higher than MPC scaffolds at 4
and 7 days. The m-MS exposed on the m-MPC scaffolds
surfaces might have additional special surface properties,
which promoted cell proliferation. It could be suggested
that the m-MPC scaffolds surface features (m-MS on
scaffolds surfaces) might be responsible for stimulating
cell growth and proliferation. The superior ability of MG63
cells proliferate on the m-MPC scaffolds was probably
associated with differing material surface features between
the m-MS and MS.
ALP activity has been used as an early marker for
functionality and differentiation of osteoblasts during
in vitro experiments [29]. In this study, ALP activity of
MG63 cells on the m-MPC scaffolds exhibited significantly
higher levels of expression than that of MPC scaffolds at
7 days, indicating that cells differentiated more quickly
after being cultured on the m-MS than MS based scaffolds.
Therefore, the most distinct advantage of the m-MPC
scaffolds appears to be the superior on ALP activity as
compared to MPC scaffolds. This increased ALP activity
probably resulted from the surface features for the m-MS
as compared with MS based scaffolds, which might be
responsible for stimulating cell differentiation.
The in vivo bio-properties of the hard tissue response to
the m-MPC scaffold were investigated by using the rabbit
model (bone defect) in this study. Histological elevations
were performed on the m-MPC scaffolds after different
implantation periods to monitor the process of the new
bone tissue formation. Active bone regeneration in the
rabbit bone defects was found in the m-MPC scaffolds,
showing that the porous scaffold enhanced the efficiency of
bone regeneration. In addition, the degradation of the
m-MPC scaffolds was observed after implantation in the
defects of rabbit for 1, 2 and 3 months. As the implantation
time prolonged, new bone regenerated and gradually penetrated into the m-MPC scaffolds, accompanied by the
resorption of the implanted materials. It could be suggested
that m-MPC scaffolds presented not only good biocompatibility but also faster and more effective osteogenesis at
the bone defect.
68 % of the bone defect area were filled with newly
formed bone tissue after m-MPC implanted for 3 months,
indicating that m-MPC could easily degraded in vivo, and
the microporous structure of m-MPC scaffolds with large
surface area could promote the degradation of the m-MPC
and osteogenesis. However, the area of newly formed bone
was 42 % after MPC scaffolds implanted for 3 months.
The results demonstrated that the m-MPC exhibited high
efficiency of bone regeneration. Clearly, the m-MPC had
good degradability by incorporation of m-MS into m-MPC
as compared with MS into MPC scaffolds. In short, the
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characteristics of m-MPC enhanced their bioperformances,
and the m-MPC presented not only good biocompatibility
and degradability but also faster and more effective
osteogenesis.

5 Conclusions
m-MS and PCL–PEG–PCL composite scaffolds were fabricated by solvent-casting and particulate leaching method.
The addition of m-MS into PCL–PEG–PCL resulted in a
microstructure with better water absorption and degradation properties, and the water absorption and degradation
ratio of the m-MPC was higher than MPC scaffolds. Proliferation ratio of MG63 cells on the m-MPC was significantly higher than MPC scaffolds at 4 and 7 days,
demonstrating the m-MPC scaffolds with m-MS could
stimulate cell proliferation. Furthermore, the level of ALP
activity was obviously higher on the m-MPC than MPC
scaffolds at 7 days, revealing that addition of m-MS into
m-MPC could promote cell differentiation. Histological
evaluation results confirmed that m-MPC scaffolds
implanted in vivo exhibited high efficiency of bone
regeneration, revealing that polymer based composite of
m-MS and PCL–PEG–PCL scaffolds had excellent biocompatibility, degradability and osteogenesis.
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