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Abstract Particular attention has been given to three-
dimensional scaffolds for bone tissue regeneration. In this
study, poly(L-lactic acid-co-g-caprolactone) (P(LLA-CL)
nanoyarn scaffold and poly(L-lactic acid-co-caprolactone)/
silk fibroin (P(LLA-CL)/SF) nanoyarn scaffold were fab-
ricated by a dynamic liquid support electrospinning sys-
tem; and then the three-dimensional (3D) nanoyarn scaf-
folds were prepared by freeze-drying processes. The
results indicated the average diameter of P(LLA-CL) and
P(LLA-CL)/SF nanoyarns were 29.44 + 3.47 pm and
11.59 £ 0.46 wm, respectively. The yarn in the nanoyarn
scaffold was twisted by many nanofibers as evidenced
by scanning electron microscope (SEM) result. These
nanoyarn scaffolds were biomineralized by alternatively
immersing the nanoyarn scaffolds into phosphoric acid
and calcium ion solutions. After biomineralization, the
existence of hydroxyapatite (HA) particles on the scaf-
folds was confirmed using fourier transform infrared spec-
troscopy (FTIR) and X-ray diffraction (XRD) analysis.
In vitro study of cell proliferation was found to be higher
on P(LLA-CL)/SF scaffold as compared to P(LLA-CL)
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scaffold after culturing for 14 days. H&E staining results
showed that cells not only attached to the surface of 3D
scaffold but also infiltrated into the scaffold. This study
indicated that the electrospun P(LLA-CL)/SF scaffold
with nanostructure morphology could improve cell adhe-
sion and proliferation and electrospun P(LLA-CL)/SF
scaffold with biomineralization has a potential application
for bone tissue engineering.

Keywords Nanoyarns - P(LLA-CL)/SF - Dynamic liquid
support electrospinning - Biomineralization

Introduction

Bone is an organic—inorganic special, complex, and func-
tional connective tissue which has a three-dimensional (3D)
porous structure. The repair of bone defect was a big chal-
lenge for scientists [1]. There are several available methods
to repair the bone defect in clinic, such as allograft, auto-
graft, and xenograft. Autogenous iliac crest bone grafting
is regarded as “gold standard”. However, the morbidity of
iliac crest bone harvesting includes chronic donor site pain,
infection, fracture, hematoma, increased operation time
and costs is reported to be as high as 30 %. With the devel-
opment of tissue engineering, bone graft substitutes has
emerged as a new way for bone defect treatment [2]. It is
a promising way to repair bone defects by the combination
of cells, biomaterial scaffolds, and bioactive factors [3, 4].
Many studies revealed that the artificial bone scaffold with
nano-topological structure has a great potential for bone
regeneration.

There is a 3D environment in human bone tissue for
cells to attach, migrate, proliferate, and differentiate. Vari-
ous methods have been developed to fabricate 3D porous
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scaffold which mimics natural 3D extracellular matrix
(ECM) environment. Thorvaldsson et al. [5] and Tzezana
et al. [6] fabricated 3D nanofibrous scaffold by electro-
spinning and 3D multilayer nanofibrous scaffold by lay-
ered hydrospinning method. These scaffolds significantly
improved cell adhesion and proliferation. A dynamic liquid
supporting system was reported by Teo et al. [2], where
they used a device to fabricate 3D nanoyarn scaffold by the
power of a flow of water. Wu et al. [7] prepared P(LLA-
CL)/SF nanoyarn scaffolds by this method, and they found
that cells grew along the nanoyarns and infiltrated into the
nanoyarn scaffolds.

Many synthetic and natural polymeric materials have
been employed in bone tissue engineering. Poly(rL-lactic
acid-co-g-caprolactone)[P(LLA-CL)], a synthetic polymer,
has many advantages, such as good mechanical properties,
no cytotoxicity and biodegradability [8]. Kim et al. [9] syn-
thesized P(LLA-CL) scaffold by random copolymerization
process and found the P(LLA-CL) film had good blood
compatibility. Xu et al. [10] fabricated P(LLA-CL)/colla-
gen nanoyarn scaffold for tendon tissue engineering. They
found that the cells could infiltrate into the 3D scaffold
after 14 days of cell culture. However, literature reveals that
the surface of P(LLA-CL) scaffold lacks adhesive proteins
and structural proteins which play important roles in cell
adhesion, cell proliferation, and tissue remodeling [11, 12].

Study shows that natural materials, such as collagen,
chitosan, and sodium alginate, have usually good bio-
compatibility [13]. Silk fibroin (SF) is a natural protein,
it attracted more and more attention due to its unique
properties [14, 15], i.e., good oxygen and water vapor
permeability, biocompatibility, biodegradability, lower
inflammatory response in the body, and low cost [16—18].
However, the mechanical property of SF is weak [19].
Studies showed that natural polymeric scaffold exhibited
better biological properties than those of synthetic poly-
meric scaffold, and synthetic polymeric scaffolds have
better mechanical properties than those of natural poly-
meric scaffolds [20, 21].

Bone ECM consists of two main components, one is
organic collagen type I, and the other one is inorganic nano-
scopic hydroxyapatite (HA) [22]. Rizzi et al. fabricated
and mineralized the scaffold for bone tissue engineering.
They found that the scaffold had a good biocompatibility
and cell proliferation ability [23]. Biomimetic mineraliza-
tion can attach inorganic HA on scaffold which enhance
the biocompatibility and osteoconductivity of the scaffold
[24-26]. Two main methods could be used for deposition
of HA on the scaffold, treating the scaffold with simulated
body fluid (SBF), and immersing the scaffold in CaCl, and
Na,HPO, solutions, alternatively. The alternative minerali-
zation method is simple and the solutions for mineraliza-
tion are easy to prepare.
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The aim of this study is to fabricate 3D nanoyarn scaf-
fold and evaluates its application in bone tissue engineer-
ing. P(LLA-CL)/SF nanoyarn scaffolds are fabricated by
electrospinning of the dynamic liquid supporting system,
while alternative mineralization method was used for
deposition of HA on the 3D nanoyarn scaffolds. The mor-
phology of the scaffolds was observed by SEM, whereas
the physical and chemical structures were characterized
by X-ray diffraction and Fourier transforms infrared spec-
troscopy, respectively. The biological properties of the 3D
nanoyarn scaffolds were also investigated.

Experimental
Materials

A copolymer of poly(L-lactide-co-caprolactone) (P(LLA-
CL)) (75:25), which has a composition of 75 mol% L-lac-
tide, was supplied by Gunze limited Co. Ltd. (Japan).
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) was purchased
from Daikin Industries Ltd. (Japan). Cocoons of Bombyx
mori silkworm were kindly supplied by Jiaxing Silk Co.
Ltd. (China). All culture media and reagents were pur-
chased from Gibco Life Technologies Co., USA.

Preparation of SF and electrospinning solution

The silk fibroin (SF) was prepared following the previously
published procedure [27]. Briefly, raw silk was degummed
three times with 0.5 wt% Na,CO; solution at 100 °C for
30 min and washed with distilled water. Then degummed
silk was dissolved in CaCl,/H,O/EtOH solution (molar
ratio 1/8/2) at 70 °C for 1 h. The solution was dialyzed
with cellulose tubular membrane (250-7u; Sigma) in dis-
tilled water for 3 days at room temperature. The water was
changed every 4 h. The SF solution was filtered and freeze-
dried to obtain the regenerated SF sponges.

P(LLA-CL) and silk fibroin were dissolved in
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) to yield an ulti-
mate concentration of 8 wt% (w/v) with P(LLA-CL)/SF
ratio of 1:1. The P(LLA-CL) electrospinning solution was
prepared by the same method, and the prepared solution
was constantly stirred overnight.

Scaffold fabrication

The prepared solutions of P(LLA-CL) and P(LLA-CL)/
SF were used to fabricate scaffold that is shown in Fig. 1.
In the first step (Fig. la), nanoyarns scaffold has been
fabricated using the dynamic liquid supporting system as
previously described [28]. In brief, the spinning solution
was carried out by water cycling system, and the device
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Fig. 1 Schematic of the (a)
electrospinning with a dynamic

supporting system to fabri- high voltage
cate nanoyarn scaffold. (Step supply

1) nanoyarns fabrication by
electrospinning (a) and (Step
2) fiber reinforced scaffold
fabrication and moving scaffold
from the roller by freeze-drying
technology (b)
up receptacle

pump — 1

(b)

consisted of two basins at top and bottom of the system.
The drained water was deposited in the bottom basin and
recycled to the top basin by a pump (2 L/min) (Shanghai
Yi-Ling Pump Co. Ltd., China) to keep the water level con-
stant in the basin. A plastic syringe equipped with a needle
with an inner diameter of 1.2 mm and a seven-pin plug-like
roller rotated in the flow water at a lower speed to collect
nanoyarns. The blended solution jet rate, located 8—10 cm
above the water vortex, was 0.8 mL/h under a high voltage
of 14 kV. In the next step (Fig. 1 b), the prepared scaffold
was put at —80 °C in a freezer-dryer for 2 h and then sepa-
rated from the roller collector.

Scaffold biomineralization
The CaCl, (0.5 M and pH = 7.2) and Na,HPO, (0.3 M and

pH = 8.96) solutions were prepared using deionized water.
The scaffold was biomimetic mineralized by immersing the

nanoyarns
roller

down receptacle

Freeze drawing

scaffold in CaCl, solution for 1 min, and after rinsing with
the deionized water again immersed with Na,HPO, solu-
tion for 1 min to complete the one cycle. Mineralization
processes were repeated for 3, 6, and 9 cycles to achieve
different scaffolds.

Morphology

The structures and surface morphology of the prepared
scaffolds were observed by FUJI-Z200 digital camera and
scanning electron microscope (SEM) (TM-1000 (Hitachi,
Japan)). Dry samples were sputter-coated with gold for
10 s (twice) before the scanning of SEM, the accelerating
voltage was 10 kV. The average nanofiber diameters or
nanoyarns were measured by Image J (National Institute of
Health, USA). In order to determine the average diameters
and distributions of the electrospun nanofibers and nano-
yarns, 100 of randomly oriented nanofibers and nanoyarns
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were chosen randomly to be measured from SEM micro-
graphs, respectively.

Characterization

The prepared scaffolds characteristic were evaluated by
both fourier transforms infrared spectroscopy (FTIR) and
powder X-ray diffraction (XRD). Infrared measurements
were performed on an Avatar 380 FTIR spectrometer, and
XRD analysis was used a D/Max-2550 PC X-ray diffrac-
tometer (Rigaku, Japan) with Cu Ka radiation. In addition,
the thermogravimetric (TG) properties of prepared scaf-
folds were characterized by using a thermal analyzer (TG-
209-F1). In the experiment, argon was used as carrier gas
with a flow rate of 50 mL/min, and the heating rate was
controlled at 10 °C/min from room temperature to 600 °C.

Cell culture and seeding

Mouse pre-osteoblastic cells (MC3T3-E1) (Chinese Acad-
emy of Sciences, Shanghai, China) were cultured in Alpha
Minimum Essential Medium containing 10 % fetal bovine
serum and 1 % streptomycin/penicillin and maintained at
37 °C in a CO, incubator. The media were changed every
other day.

The scaffolds were cut to a slice with 1 mm height and
14 mm diameter, placed into 24-well plates. The samples
were sterilized in 75 % ethanol for 2 h, then washed with
PBS and soaked in cell culture medium overnight. MC3T3-
El were seeded at a density of 1.0 x 10* cells per well
on different scaffolds. After 24 h, the media were supple-
mented with 10 mM B-glycerol phosphate and 50 mg/mL
L-ascorbic acid (Sigma, St. Louis, MO). Cells were cul-
tured for a period of 14 days.

Cell proliferation and infiltration

The experiment of MTT measured the cell viability and
the cell proliferation at 3, 7, and 14 days post-seeding,
respectively. Each test point has three parallel experiments.
The plate was read at the absorbance of 570 nm using an
enzyme-labeled instrument (MK3, Thermo, USA). Then,
the results of experimental data were analyzed by Origin
7.5. T test was also conducted to find out the salient differ-
ences of cell proliferation in different scaffolds.

Cell infiltration studies on the scaffolds were per-
formed using hematoxylin—eosin (H&E) stain. After 3,
7, and 14 days post-seeding, cell-scaffold constructs were
removed form media and rinsed three times with PBS
(5 min per wash) and fixed with 4 % (v/v) paraformalde-
hyde solution for 30 min and stained with H&E. Finally
cell proliferation and cell infiltration were observed under
an optical microscope (H600L, Nikon, Japan).
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Cell morphologies on scaffolds

Cell morphology and the interaction between cells and
scaffolds were studied by SEM at the 14th day of incuba-
tion. The culture media were removed from scaffolds by
gently washing with PBS, and cells were fixed with 4 %
(v/v) paraformaldehyde solution for 30 min at 4 °C. Then,
the scaffolds were dehydrated using ethanol with concen-
trations of 30, 50, 70, 90, and 100 % (v/v), respectively,
before being dried. Subsequently, they were coated with
gold and imaged via SEM.

Results and discussion
Morphologies of scaffolds

The fabricated scaffolds were soaked in deionized water
and freeze-dried at —80 °C. During this process, the scaf-
folds experienced a growth of ice crystal, vacuum drying,
and sublimation, and resulted in a 3D scaffold. The opti-
cal images of P(LLA-CL) and P(LLA-CL)/SF scaffolds
are shown in Fig. 2a and b, respectively. The structure of
P(LLA-CL) scaffold is obviously different from that of
P(LLA-CL)/SF scaffold. As can be seen, the macrostruc-
ture of P(LLA-CL) scaffold is smooth and regular on the
roller collector, but the macrostructure of P(LLA-CL)/
SF scaffold is random and very loose. It indicated that the
addition of SF in electrospinning solution has affected the
structure of P(LLA-CL)/SF scaffold.

SEM micrographs of nanoyarn scaffolds of P(LLA-CL)
and P(LLA-CL)/SF are shown in Fig. 3a and b, respec-
tively. It is demonstrated that the nanoyarn scaffolds con-
sisted of many 3D porous structures. In our previous study,
higher porosity provided space for cell to grow and adhere
[18] and more importantly, the porous structure of the scaf-
fold enhanced the nutrition transport. It was also noted that
the morphology of P(LLA-CL) nanoyarns is smooth, which
is due to the main chain of P(LLA-CL) molecules as sin-
gle C—C bond and the molecular chain segments moved in
a flexible way. The size of the P(LLA-CL)/SF scaffold is
smaller than P(LLA-CL) scaffold due to the former shrink-
age. This phenomenon could be explained by the increase
of conductivity of the blend solution with increasing SF
content. Silk fibroin is a typical amphiprotic macromol-
ecule electrolyte, which composed of hydrophobic blocks
with highly preserved repetitive sequence consisting of
short side-chain amino acids, such as glycine and alanine,
and hydrophilic blocks with more complex sequences that
consist of larger side-chain amino acids as well as charged
amino acids [29, 30]. When SF was employed, more ions
were formed in the blend solution. The conductivity of the
solution could increase through the addition of ions. On
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Fig. 2 Photos of P(LLA-CL) (a) and P(LLA-CL)/SF (b) scaffolds

the other hand, the increased charge density will increase
elongational forces, which exert on the fiber jet to yield
a smaller fiber. Thus, the P(LLA-CL)/SF scaffold looks
shrunk.

A single nanoyarn was formed by 30—40 nanofibers by
the force of water vortex. As shown in Fig. 3, the average
diameter of P(LLA-CL) nanofibers was 1,021 £ 221 nm
(Fig. 3c, e), and the average diameter of P(LLA-CL)/
SF nanofibers was 313 + 66 nm (Fig. 3d, f). The diam-
eter of the P(LLA-CL) nanoyarn and P(LLA-CL)/SF was
29.44 £+ 347 pm and 11.59 £ 0.46 wm, respectively. It
was also observed that the diameter of P(LLA-CL)/SF

scaffold is smaller than that of the P(LLA-CL) scaffold.
It indicates that P(LLA-CL)/SF scaffold has higher poros-
ity due to the smaller diameter of the nanoyarn. In addi-
tion, hydrophilic groups of SF are composed of larger side
chains of amino acids [31]. These groups carry many of
the same electric charges, thus, the repulsive force between
these same electric charges were increased which produce
smaller nanofibers of P(LLA-CL)/SF during the process of
electrospinning.

Biomineralization of scaffolds

Figure 4 shows the mineralized nanoyarn scaffolds which
were treated with phosphate and calcium solutions for 3
(Fig. 4a, b), 6 (Fig. 4c, d) and 9 cycles (Fig. 4e, f). It is
noted that with the increasing number of cycles, the
amount of HA increased on both P(LLA-CL) and P(LLA-
CL)/SF scaffolds. Although the HA particles can improve
the biocompatibility of the scaffold, too many HA particles
can also reduce the porosity of the scaffold; therefore, the 6
cycles were the best for this study.

As can be seen, more HA particles were formed on
P(LLA-CL)/SF scaffold as compared to P(LLA-CL) scaf-
fold. Silk fibroin molecules containing 12 % serine acid,
1.9 % aspartic acid, and 1.4 % glutamic acid ensure many
hydroxyl and carboxyl groups. Previous studies showed
that HA particles were formed by the adsorption of Ca*"
ions [32, 33]. It might be one of the possible explanations
for observing more HA particles on P(LLA-CL)/SF scaf-
fold, which has many negative charged groups due to the
addition of SF that adsorb Ca* ions.

FTIR analysis

Figure 5 shows the FTIR spectra (4,000-500 cm™!) of raw
SF and P(LLA-CL) and P(LLA-CL)/SF nanoyarns. There
is a main absorption peak in raw SF and P(LLA-CL)/SF
scaffold spectra at 3,295 cm~!, which is corresponding
to N-H stretching vibration and hydroxyl O-H stretching
vibration of free amino groups. It reveals the existence of
SF in P(LLA-CL)/SF scaffold. Two representative adsorp-
tion peaks at 3,069 and 2,938 cm™! are corresponding to
—CH; and —CH, stretching vibrations in raw SF, P(LLA-
CL), and P(LLA-CL)/SF scaffold, respectively. P(LLA-
CL) and P(LLA-CL)/SF scaffold have adsorption peaks
at 1,756 and 1,757 cm™! which are corresponding to C-O
stretching [10].

There were three adsorption peaks noted at 1651,
1532, and 1237 cm~! for raw SF, while the characteris-
tic adsorption peaks of SF were 1650-1660, 1535-1545,
and 1235-1240 cm™!, which are an attribute of amide I,
amide II, and amide II, respectively. The adsorption peak
of amide I at 1,651 cm™" shifted to 1,627 cm™', which
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Fig. 3 SEM micrographs of P(LLA-CL) (a), P(LLA-CL)/SF (b), sub-thread P(LLA-CL) (c¢) and sub-thread P(LLA-CL)/SF (d), nanoyarns.
Diameter distributions of P(LLA-CL) (e) and P(LLA-CL)/SF (f) nanoyarns

was attributed to the bond C = N and C-N by the cross- 1,532 to 1,529 c¢cm™' which may be attributed to the
linking reaction. While P(LLA-CL) blend with SF shows  change of conformation from random coils or a-helix
characteristic adsorption peak of amide II shifted from  to B-sheet [34]. Usually, the silk I crystalline structure
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Fig. 4 SEM micrographs of biomineralized scaffolds of P(LLA-CL) and P(LLA-CL)/SF after 3 (a and b), 6 (¢ and d), and 9 (e and f) cycles,

respectively

of high concentration SF is easy to dissolve in water by
the influence of temperature and solvent, and further it
transforms to silk II [35, 36]. Min et al. reported that the
steam-made SF structure change from random coil confor-
mation into B-folded structure [37]. In our case, the water

penetrated into the middle of SF molecules and caused the
rearrangement of SF structure.

The FTIR results of commercial HA, P(LLA-CL)-
HA, and P(LLA-CL)/SF-HA nanoyarns are shown in
Fig. 6. Characteristic absorption peak at 1,038 cm™' is

53 Mot @ Springer
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Fig. 5 FTIR spectra of raw SF and scaffolds of P(LLA-CL) and
P(LLA-CL)/SF at 4,000-500 cm ™"
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Fig. 6 FTIR spectra of commercial HA and nanoyarns of P(LLA-
CL)-HA and P(LLA-CL)/SF-HA at 2,000-600 cm ™"

corresponding to PO,*~ groups in commercial HA FTIR
spectra [38, 39]. The same adsorption peaks are observed
in the spectra of the P(LLA-CL)-HA and P(LLA-CL)/
SF-HA scaffolds which proves the presence of HA on the
mineralized scaffolds.

XRD analysis

The XRD patterns of P(LLA-CL), P(LLA-CL)/SF,
P(LLA-CL)-HA, and P(LLA-CL)/SF-HA scaffolds are
shown in Fig. 7. Previous study showed that the spe-
cific diffraction peaks of HA are located at 26° and
32° [40]. Figure 7 shows that there is a peak at 32° for
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Fig.7 XRD patterns of P(LLA-CL) (a), P(LLA-CL)/SF (b), P(LLA-
CL)-HA(c), and P(LLA-CL)/SF-HA (d) scaffolds
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Fig. 9 Proliferation of MC3T3-E1 cells on P(LLA-CL), P(LLA-CL)/
SF, P(LLA-CL)-HA, and P(LLA-CL)/SF-HA scaffolds at 3, 7, and
14 days, respectively

P(LLA-CL)-HA and P(LLA-CL)/SF-HA scaffolds
which indicated that HA particles were deposited on the
scaffolds.

Thermogravimetric analysis

TG is a method for determination of polymer thermal
stability which has a close relationship with polymer
molecule structure, degree of crystallinity, molecule
size, molecule distribution, and so on. The TG curves
of P(LLA-CL) and P(LLA-CL)/SF nanoyarns can be
divided into three stages (Fig. 8a). It was found that the
main weight loss occurred in stage II (250-380 °C) for
P(LLA-CL) and P(LLA-CL)/SF scaffolds. Whereas, the
weight loss ratio of P(LLA-CL) scaffold was 89 % which
was higher than that of P(LLA-CL)/SF scaffold (66 %).
The result corresponds to the DTG results (Fig. 8b). The
temperatures of maximum weight loss of two samples
were 316 and 326 °C, respectively. P(LLA-CL)/SF scaf-
fold has better thermal stability than that of P(LLA-CL)
counterpart.

Proliferation behavior of MC3T3-E1 cells

Figure 9 shows the proliferation of MC3T3-E1 cells on
four nanoyarns scaffolds by MTT assay after 3, 7, and
14 days of cell culture. It indicated that there were no
significant differences in the number of cells between the
groups after 3 and 7 days of cell culture. However, The
cell proliferation on P(LLA-CL)/SF scaffold was sig-
nificantly higher than that on P(LLA-CL)/SF-HA scaf-
fold at 14 days (P > 0.05). It is observed that the cell

4.0

P(LLA-CL)
P(LLA-CL)-HA
P(LLA-CL)/SF

3.5

;e . =
w 0 Bl =
’ Time7(dav) ’

Fig. 10 ALP activity of MC3T3-E1 cells on P(LLA-CL), P(LLA-
CL)/SF, P(LLA-CL)-HA, and P(LLA-CL)/SF-HA scaffolds at 3, 7,
and 14 days, respectively

proliferation on the 3D scaffold was increased with the
increase of the incubation time, which indicated the good
biocompatibility of the scaffold. In addition, the cell pro-
liferation on P(LLA-CL)/SF and P(LLA-CL)/SF-HA
scaffolds was significantly higher than that on the P(LLA-
CL) and P(LLA-CL)-HA scaffolds at 14th day (P > 0.05).
It was earlier reported that the functional groups of SF
could promote cell adhesion and proliferation [17, 18].
In the present study, the higher proliferation of cells on
P(LLA-CL)/SF and P(LLA-CL)/SF-HA after 14 days of
incubation might contribute to the functional groups of SF
molecules.

ALP is an osteogenic marker for differentiation that is
important for the construction of bone tissue matrix [41].
As shown in Fig. 10, the ALP activity of P(LLA-CL)/
SF-HA scaffold was higher than that of the P(LLA-CL)/SF
scaffold at 3, 7, and 14 days. It is indicated that deposition
of HA on P(LLA-CL)/SF improves the osteoconductivity
of P(LLA-CL)/SF scaffold.

Morphological and H&E staining of MC3T3-El cells
on the scaffolds

Figure 11 shows H&E staining of cells on P(LLA-CL),
P(LLA-CL)/SF, P(LLA-CL)-HA. and P(LLA-CL)/SF-HA
scaffolds. It indicated that the cells grew well on the 3D
scaffolds, and they infiltrated into the nanoyarn scaffolds as
well. Due to highly porous structure, cells were attached on
the nanoyarn scaffold surface and migrated into the inner
pores of the scaffolds.

The morphology of the cells on four scaffolds was
observed by SEM, as shown in micrographs e-h in Fig. 11.
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Fig. 11 The H&E staining images of cells on P(LLA-CL) (a),
P(LLA-CL)/SF (b), P(LLA-CL)-HA (c) and P(LLA-CL)/SF-HA (d)
scaffolds, and SEM micrographs of cells on P(LLA-CL) (e), P(LLA-

It observed that MC3T3-E1 cells have extended their cyto-
plasm along the nanoyarn. These results suggested that the
nanoyarn scaffolds have good biocompatibility. In addition,

83 @ Springer

CL)/SF (f), P(LLA-CL)-HA (g) and P(LLA-CL)/SF-HA (h) scaf-
folds. (Cells in the SEM micrographs have been labeled by white
arrow)

good cell infiltration indicated the porous nature of scaf-
fold which provides enough space and 3D environment for
cells’ growth and immigration.
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Fig. 11 continued

Conclusion

In this study, P(LLA-CL) and P(LLA-CL)/SF 3D nano-
yarn scaffolds were fabricated by a dynamic liquid sup-
port electrospinning system. It was observed that P(LLA-
CL)/SF nanoyarns have smaller diameter than P(LLA-CL)
nanoyarns. The porous structure of the nanoyarn scaffold
provided natural 3D environment for cells to infiltrate into
it. The deposition of HA on P(LLA-CL)/SF improved the
proliferation of cells and the osteoconductivity of nanoyarn
scaffolds. All the above results suggest that the mineralized
3D porous P(LLA-CL)/SF nanoyarns scaffold have a great
potential application in bone tissue engineering.
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