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Abstract The electrospinning process was established as a promising method to fabricate nano and micro-textured scaffolds

for tissue engineering applications. A BCP-loaded PCL micro-textured scaffold thus can be a viable option. The bio-

compatibility as well as the mechanical properties of such scaffold materials should be optimized for this purpose. In this study,

a composite scaffold of poly (ε-caprolactone) (PCL)-biphase calcium phosphate (BCP) was successfully fabricated by

electrospinning. EDS and XRD data show successful loading of BCP nano particles in the PCL fibers. Morphological

characterization of fibers shows that with a higher loaded BCP content the fiber surface was rougher and the diameter was

approximately 1 to 7 µm. Tensile modulus and ultimate tensile stress reached their highest values in the PCL- 10 wt% BCP

composite. When content of nano ceramic particles was low, they were dispersed in the fibers as reinforcements for the polymer

matrix. However, at a high content of ceramic particles, the particles tend to agglomerate and lead to decreasing tensile modulus

and ultimate stress of the PCL-BCP composite mats. Therefore, the use of nano BCP content for distribution in fiber polymer

using BCP for reinforcement is limited. Tensile strain decreased with increasing content of BCP loading. From in vitro study

using MG-63 osteoblast cells and L-929 fibroblast like cells, it was confirmed that electrospun PCL-BCP composite mats were

biocompatible and that spreading behavior was good. As BCP content increased, the area of cell spreading on the surface of

the mats also increased. Cells showed the best adherence on the surface of composite mats at 50 wt% BCP for both L-929

fibroblast-like cells and MG-63 osteoblast cell. PCL- BCP composites are a promising material for application in bone scaffolds.

Key words electrospinning, composite, polycaprolactone, biphase calcium phosphate, MG-63 osteoblast cell.

1. Introduction

Due to non-toxic biocompatibility and biodegradation,

polymers like PLLA, PLGA, and PCL have been used in

fabrication of 3D fiber structures with high surface area

and interconnected pores by the electrospinning process

for applications in biomedical fields, such as drug delivery

and scaffold for tissue engineering.1-3) Among them, electr-

opinning poly (ε-caprolactone) (PCL) in particular has

been investigated for bone scaffolds due to slow degradation

rate. Its structural stability provides an excellent environ-

ment for promotion of cell growth for transfer of degradable

scaffold.3-7) However, using of electrospun PCL is still

restricted because of its poor mechanical properties and

high hydrophobicity.30) In order to achieve better strength,

as well as biocompatibility, cell proliferation and rate of

degradation of composite scaffold have always been

regarded as important for selection of reinforced bio-

ceramics particles. For improvement of both bioactivity

and mechanical properties of the polymer, the inorganic

reinforcing phase such as nano HAp has been incorporated

into the polymeric.8-10) Electrospun composite scaffolds

composed of PCL and nano HAp that can improve mechan-

ical properties and cell proliferation using murine embryonic

stem cells and human mesenchymal stem cells have been

reported.11-14)

Calcium phosphate ceramic is known for its biocom-

patibility, bioactivity, and osteoconductivity. In addition,

calcium phosphate had a high adsorption capacity for

serum proteins, such as fibronectin and vitronectin.15) Thus,

using of calcium phosphate could result in enhanced

attachment of osteoblast cells. On the other hand, calcium

phosphate gradually dissolved to release calcium and

phosphate ions, which are beneficial to bone formation.16)

Among calcium phosphate ceramics, such as hydroxyapatite

(HAp) and β-TCP (β-tricalcium phosphate), osteoinductivity

of BCP (HAp and TCP) has been reported as more

efficient than HAp alone for repair of periodontal defects,

and having better osteoinduction than single phasic HAp

or β-TCP. However, their range of biodegradation rate still

cannot satisfy the requirement for biodegradable bioma-

terials. Therefore, the combination of HAp, α-TCP, and

β-TCP may present a scope for optimal biodegradable
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calcium phosphates. On the other hand, α-TCP hydrolyses

through a dissolution precipitation, giving rise to the forma-

tion of an network of calcium deficient hydroxyapatite

crystals. It is well known that calcium deficient hyd-

roxyapatite shows more similar features to biological

apatite with respect to conventional stoichiometric hydroxy-

apatite. The high reactivity with water makes the α-TCP

very interesting as reinforcement. The combination of HAp,

α-TCP, and β-TCP can improve the mechanical properties,

induce the proper biodegradation and promote the osteointe-

gration that is increasing the bioactivity of the composite. 

The release behavior of BCP materials can be modified

by impregnation of BCP particles in a bio-degradable

polymer matrix. By adding the BCP particles in PCL

polymer we can achieve this. Recently, the electrospinning

process was established as a promising method to fabricate

nano and micro-textured scaffold for tissue engineering

application.17) The BCP-loaded PCL micro-textured scaffold

thus can be a viable option. The bio-compatibility as well as

the mechanical properties of the scaffold materials should

be optimized for this purpose.

In this study, we fabricated PCL-BCP composites by

electrospinning with the aim of improving mechanical

properties and cell adhesion of the scaffold. To confirm

that muscle cell and bone cell can attach well on and

biocompatible of electrospun fibrous PCL-BCP using L-

929 fibroblast-like cells and MG-63 osteoblast cells in

vitro study. Indirect cytotoxicity and cell attachment were

investigated. The effects of BCP contents on tensile strength

and cell adhesion behaviors were investigated. PCL-

BCP composites are promising material for bone scaffold

application such as bone sheet which contact with bone

and muscle. 

2. Experimental Procedure

2.1 Material

Polycaprolactone pellets (PCL, Mn 80,000, Sigma-

Aldrich, USA) and acetone (SK Chemicals Co, Korea)

were used as starting materials for fabrication of fibrous

PCL-BCP composite mats. BCP powder was synthesized

using a microwave assisted process with a particle size

of around 90-100 nm.18)

For in vitro study, hexamethyldisilazane (HDMS, Sigma-

Aldrich, USA), dimethylsulfoxide 99.0% (DMSO, Samchun

Pure Chemical Co, LTD, Korea), ethanol (Merck, Germany),

fetal bovine serum (FBS), penicillin streptomycin antibiotic

(PS), 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyltetrazolium

bromide (MTT) solution, trypsin-EDTA (Gibco, Carlsbad,

CA), phosphate buffered saline tablets (PBS) (Amresco,

Korea), glutaraldehyde 25% (Showa, Chemicals Co, Korea),

RPMI (RPMI-1640) and Dulbecco’s Modification of Eagle’s

MEM (DMEM) (HyClone, Logan, UT) were used. While

L-929 fibroblast like cells were derived from mouse fibro-

blasts, MG-63 osteoblast cells were derived from human

osteosarcomas. Both types of cells were obtained from the

KCB (Korean Cell Bank).

2.2 Fabrication of fibrous PCL-BCP composite mats

For fabrication of fibrous PCL-BCP composite mats, nano

powder BCP (HAp: TCP, 1:1) with different weight ratio

percentages (0, 10, 30, and 50 wt.%) of PCL was blended in

acetone, with a PCL concentration of 12 wt.%. The mixture

was sonicated for 2 hours at 50oC to dissolve PCL, and

then stirred for 4 hours to produce a homo-geneous slurry.

The slurry was poured into a plastic syringe equipped

with a 21 G needle, fixed in a digitally controlled syringe

pump (KD Scientific), and electrospun as follows: voltage

20 kV (NNC-30KV-2mA portable type, NanoNC, Korea),

needle-target distance 12 cm, feed rate 2 ml h−1. The com-

position of the electrospun composites was reported as

mixed condition and was used for the final composites too.

2.3 Characterization

The morphology of the fibrous PCL-BCP composite was

examined using a scanning electron microscope (SEM) and

EDS techniques. X-ray diffraction (XRD) and differential

scanning calorimetry (DSC) were used in characterization

of electrospun fiber mats.

XRD (D/MAX-250, Rigaku, Japan, λ = 1.541 nm, 40 kV)

was used for crystal analysis. XRD analysis at a scanning

speed of 2o min−1. 

For characterization of electrospun fibrous PCL-BCP

composite mats, differential scanning calorimetry (DSC)

(Mettler Toledo, DSC822E, Korea) measurements were

conducted using TA instruments. The samples were heated

from −50oC to 150oC at a rate of 10oC min−1. The melting

point (Tm) was obtained from the DSC thermogram. The

degree of crystallinity of PCL was calculated according to:

Xc = ∆Hm/∆H0 (1)

Where Xc is crystallinity degree, ∆Hm is melting enthalpy,

which is derived from the DSC curves, ∆H0 is the

theoretical enthalpy of the fully crystalline PCL, which has

a value of 136 J g−1.14)

2.4 Tensile testing

Uniaxial tensile tests were carried out on rectangular

specimens measuring 3.0 mm in width and 20.0 mm in

length (n = 4). Mechanical tests were performed at 1 mm

min−1 for rupture by an electromechanical machine equipped

with a 0.5 kg load cell (ASTM, D882, Korea). Measure-

ment of tensile strength was carried out using a universal

testing machine (Unitech TM, R&B, Korea). Tensile modu-

lus (E), ultimate stress (σmax), and ultimate percent deform-

ation (εf) were calculated for the crosssectional area of
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the tensile specimen.

2.5 Cytotoxicity assay

Cytotoxicity of each electrospun PCL-BCP composite

mat was determined using the MTT assay. Determination

of cellular viability % against fibrous PCL-BCP composite

mats followed the standard testing protocol.19) In brief, for

sterilization purposes, the sample mats were immersible

in 70% ethanol for 30 minutes. The samples were washed

with PBS to eliminate ethanol. RPMI medium was used as

the diluent for obtaining the sample extract. The specimens

were maintained in a shaking incubator at 100 rpm and

37oC for 3 days. Following incubation, the extracts were

collected by filtration, and were serially diluted (100, 75,

50, 25%). The diluted extracts were then placed in a 96-

well culture plate that had been previously sub-cultured

with L-929 fibroblast like cells (1 × 104 cell/well). The

96-well culture plate was then placed in a CO2 incubator

and incubated at 37oC for 3 days. After incubation, the

MTT solution (20 µl of 5 mg/ml) was added to the wells,

and the plate was incubated at 37oC for 4 hours. Finally,

the solution in the culture plates was removed from the

plate, and 200 µl of DMSO was added to each well, and

kept for 1 hour for formation of purple fomazan crystals.

Absorbance of the solution was determined at a wavelength

of 595 nm by ELISA reader (EL, 312, Biokinetics reader,

Bio-Tek instruments). Samples were tested in quadruplicate.

2.6 Cell adhesion 

Cell adhesion is one of the most important aspects of

cellular interaction with other materials.19) For determination

of cell adhesion capacity, one cell morphology was used. L-

929 fibroblast like cells and MG-63 osteoblast cells were

used in observation of the attachment behavior of the cells

onto electrospun fibrous PCL-BCP composite mats. First,

the samples were sterilized with 70% ethanol, and then

washed with PBS to eliminate ethanol. Freshly subcultured

cells were then counted and 1 × 106 cells were dropped

by micropipette onto each of the samples in 24-well

culture plates. The 24-well culture plate was placed in a

CO2 incubator and incubated for 30, 60, and 90 minutes.

Following the incubation period, these cells were fixed

onto the surfaces by maintenance of the cell-sample in

2% glutaraldehyte for 15 minutes, followed by washing

with PBS. Samples were dehydrated using serial ethanol

dehydration of 50, 75, 90, 95, and 100%. Reagent graded

HMDS was used to dry the samples. Finally, the morph-

ology of the attached cells on the samples was observed

by SEM (model JMS-5410 LV JEOL).

3. Results and Discussion

3.1 Characterization of microstructure and material

properties of fibrous PCL-BCP composite mats

Fig. 1 shows SEM micrographs of PCL-BCP composite

Fig. 1. SEM micrographs of fibrous PCL-BCP composite mats, depending on BCP content at: (a) 0 wt%, (b) 10 wt%, (c) 30 wt% and

(d) 50 wt%.
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mats, depending on BCP contents, respectively. These

SEM micrographs show a highly interconnected pores

with high surface area of electrospun PCL-BCP composite

mats. Their microstructures were observed with a combined

micro-texture, with fine and coarse fibres in the mats and

without dependence on BCP contents. Fiber diameter was

approximately 1 to 7 µm. Results of BCP powder content

loading in PCL fibers clearly showed that at 0 and

10 wt.% the fibers had a smooth surface, as shown in Fig.

1(a, b). However, as BCP increased up to 30 wt.%, the

surface of the fiber became rough due to the appearance

of BCP powder on the surface of the fiber, as shown by

the arrows in Fig. 1(c). And at the highest BCP content of

50 wt.%, fibers showed the roughest surface, as shown in

Fig. 1(d). These results are comparable with those from

Wutticharoenmong’s report.12) Furthermore, from EDS (Fig.

2) taken from the region marked P in Fig. 1(d), it was

confirmed that the fibers existed with C, O, Ca, and P due

to the composing elements of PCL and BCP powder.

Fig. 3 shows the XRD profiles of fibrous PCL-BCP

composite mats (a) PCL-0 wt.% BCP, (b) BCP nano powder,

(c) PCL-30 wt.% BCP, and (d) PCL-50 wt.% BCP, respect-

ively. XRD profiles of a fibrous PCL mat with 2 peaks

are seen in Fig. 3(a). XRD profiles of raw BCP powders

are seen in Fig. 3(b,e). Fig. 3(c) shows XRD profile of a

PCL-30 wt.% BCP composite mat with 2 peaks PCL and

lower intensity of HAp, β-TCP peaks without any α-TCP

peaks. Disappearance of α-TCP peaks may be due to low

content of BCP in the PCL-BCP composite mat. However,

α-TCP peaks were observed as BCP content increased up

to 50 wt.% with mainly PCL, HAp peaks, and minor α-

TCP peaks. The profiles show that crystallinety of both

the organic and inorganic phase were retained in the electro-

spun mat. No change was observed which explains that in

the electrospun mat the materials were in a physical

mixture that ensures the retention of proper biocompatibility

of the component.

Fig. 4 shows DSC profiles of electrospun fibrous PCL-

BCP composite mats, respectively. Results of calorimetric

Fig. 3. XRD profiles of fibrous PCL-BCP composite mats (a) PCL-

0 wt.% BCP, (b) BCP nano powder, (c) PCL-30 wt.% BCP and (d)

PCL-50 wt.% BCP.

Fig. 2. SEM micrograph and EDS profile of a fibrous PCL-50 wt.%

BCP composite.

Fig. 4. DSC profiles of fibrous PCL-BCP composite mats (a) PCL-

0 wt.% BCP, (b) PCL-30 wt.% BCP and (c) PCL-50 wt.% BCP. 

Table 1. Melting point (Tm), melting enthalpy (∆Hm), and

crystallinity degree (Xc) of fibrous PCL and PCL-BCP composite

mats.

Sample Tm (oC) ∆Hm (J/g) Xc (%)

PCL 56.2 61.6 45.3

PCL-BCP (30wt.% BCP) 60.1 54.1 39.8

PCL-BCP (50wt.% BCP) 60.7 34.8 25.6
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parameters are shown in Table 1, which show that Tm of

PCL-BCP composite mats occurred at higher temperature

with the neat PCL and were highest at the highest BCP

content. A slightly increased Tm when loading BCP powder

can be explained by interface bonding between PCL and

BCP particles. On the other hand, Table 1 shows that

increase of BCP content leads to decrease of crystallinity

degree Xc of PCL. 

Fig. 5 shows stress-strain curves of fibrous PCL-BCP

composite mats, depending on BCP contents, respectively.

Mechanical properties presented in Table 2 show that at

10 wt.% BCP content, tensile modulus and ultimate tensile

stress of PCL-BCP composite mats reached the highest

tensile modulus and ultimate tensile stress, while, they

decreased when BCP content was higher than 10 wt.%.

The effect of BCP contents on mechanical behavior can be

explained by interface adhesion of ceramic particles and

polymer. This has been explained by many research-

ers.11,14,21-23) When content of nano ceramic particles was

low, they were dispersed in the fibers as reinforcements

for the polymer matrix. However, at a high content of

ceramic particles, they tend to agglomerate and lead to

decreasing tensile modulus and ultimate stress of PCL-

BCP composite mats. Therefore, nano BCP content for

distribution in fiber polymer using BCP for reinforcement

is limited. As BCP content increases, the strain at failure

(εf) of the composites tends to decrease because flexibility

of PCL mixing brittleness of BCP leads to decrease in

flexibility of the composite, thus, less elongation with

addition of brittleness.14)

Fig. 6 shows SEM morphology of electrospun PCL-

BCP composite mats, depending on BCP contents, after

testing of tensile strength, respectively. Fibrous morph-

ologies, which were highly re-arranged in the stress

direction, are shown. The fibrous morphology of the neat

PCL was extensive and re-arranged to the stress direction

at the most as shown in Fig. 6(b). This can be explained

by good flexibility with high elongation at the break of

the neat PCL. In other cases at 10, 30, and 50 wt.% BCP,

the extensive and aligned fibrous morphology decreased.

It may be explained that mixing flexibility of PCL and

brittleness of BCP lead to decrease in flexibility of the

composite, thus the fibers were broken before being re-

arranged. 

Fig. 5. Stress-strain curves of fibrous PCL-BCP composite mats,

depending on BCP contents: (a) 0 wt.%, (b) 10 wt.%, (c) 30 wt.% and

(d) 50 wt.%.

Table 2. Tensile modulus (E), ultimate tensile stress (σmax), and

strain at failure (εf ) of fibrous PCL-BCP composite mats.

Sample σmax (MPa) εf (%) E (MPa)

PCL 0.7 ± 0.06 174 ± 20 2.3 ± 0.2

PCL-10wt.%BCP 1.3 ± 0.07 99 ± 17 5.1 ± 0.4

PCL-30wt.%BCP 0.8 ± 0.06 87 ± 5 2.8 ± 0.3

PCL-50wt.%BCP 0.3 ± 0.02 61 ± 15 1.3 ± 0.2

Fig. 6. SEM micrographs of low and high magnification of fracture

surfaces of fibrous PCL-BCP composite mats after tensile test: (a, e)

0 wt.%, (b, f) 10 wt.%, (c, g) 30 wt.% and (d, h) 50 wt.%.
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3.2 Cell cytotoxicity

Fig. 7 shows the cytotoxicity response of electrospun fi-

brous PCL-BCP composites by MTT assay. L-929 fibroblast

like cells were cultured with the extract solution of each

of the four PCL-BCP composite mats for 3 days, and then

assayed for cell cytotoxicity relative to the control (100%

medium). Cell viability of extract solution increased slightly

as increasing the content of BCP on all of concentration

of extract solution. At 25% dilution survival rate for 10

wt.% BCP and 50 wt.% BCP was 82.7 ± 0.6 and 88.8 ±

2.5 respectively. The cytotoxicity difference is dimishing

at higher extract dilution. The survival rate of the cells for

PCL-BCP composite mats with 0, 10, 30, and 50 wt.%

BCP was satisfactory at 70.9 ± 0.7, 72.4 ± 1.9, 73.7 ± 2.1,

and 74.5 ± 2.1% at 100% dilution, respectively. Based on

cytotoxicity results, a fairly acceptable viability of the cells

was observed on PCL-BCP composite mats. According to

the ISO standard 10993-5, 1999 the cell viability should

be more than 70% to be biocompatible, which is main-

tained by all the PCL-BCP composites we prepared. These

results confirmed the biocompatibility of electrospun PCL

and PCL-BCP composite mats.

Fig. 8. SEM micrographs of one cell morphology of L-929 fibroblast like cells on fibrous PCL-BCP composite mats, depending on BCP

contents and cell incubation times.

Fig. 7. Cell cytotoxicity of the diluted extract solution of fibrous

PCL and PCL-BCP composite mats by MTT assay.
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3.3 Cell adhesion

Figs. 8 and 9 show SEM morphology of the attached

L-929 fibroblast like cells and MG-63 osteoblast cells on

the surface of electrospun fibrous PCL-BCP composite

mats, depending on BCP contents, respectively. To confirm

that muscle cell and bone cell can attach well on and

biocompatible electrospun fibrous PCL-BCP mats using L-

929 fibroblast-like cells and MG-63 osteoblast cells in

vitro study. We perforce in vitro cell attach behavior,

osteoblast cells are bone forming cell and fibroblast are

musculo- varcular cells, the success of a bone scaffold

are implantation can be examine by the compatibility of

these two cells. Cells were shown to be well attached

and proliferated on surfaces of electrospun fibrous PCL-

BCP composite mats, as shown in Fig. 8 and Fig. 9,

respectively. L-929 fibroblast like cells, as shown in Fig.

8(a, d, j, g), and MG-63 osteoblast cells, as shown in

Fig. 9(a, d, j, g), were spherical and adhered well to the

surface of the neat PCL and PCL-BCP composite mats

after 30 minutes of incubation. However, after 60 minutes

of incubation, L-929 fibroblast like cells on the surface of

PCL-BCP composite mats became elongated and took on

a much flattened cytoplastic form. As shown in Fig. 9(b,

e, h), MG-63 osteoblast cells on PCL, PCL-10 wt.% BCP,

and PCL-30 wt.% BCP mats still remained in a spherical

shape, while filopodium and lamellipodium showed expan-

sion. However, as shown in Fig. 9(k), in the case of

PCL-50 wt.% BCP, MG-63 osteoblast cells adopted a

spindle shaped appearance. After 90 minutes of incubation,

most L-929 fibroblast like cells and MG-63 osteoblast

cells had adopted a spindle shape. 

As culture time increased in a range from 30 to 90

minutes, cells became more widespread, and proliferated

on the surface of the mats. Compared to neat PCL at the

same time, a greater area of cell spreading was observed

Fig. 9. SEM micrographs of one cell morphology of MG-63 osteoblast cells on fibrous PCL-BCP composite mats, depending on BCP

contents and cell incubation times.
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on PCL-BCP composites. As BCP content was increased,

lamellipodium of MG-63 osteoblasts and L-929 fibroblast

like cells showed greater expansion. At 50 wt.% BCP, L-

929 fibroblast like cells and MG-63 osteoblast cells showed

the best adherence on the surfaces of the composite mats. 

BCP is known to be hydrophilic; therefore, increase of

BCP content leads to increased hydrophilic surface, which

is generally favorable for short-term cell adhesion.24-25)

On the other hand, the surface roughness of the material

was affect the cell adhesion. C. Wirth26) have shown that

fibroblast exhibited high adhesion to a smooth surface.

However, osteoblast behavior is the reverse of fibroblast

behavior, the roughness surface provided positive guidance

for osteoblast cell to attach, leading to enhanced cellular

attachment. These results are in agreement with those of

our experiment. This can be explained by the fact that cell

adhesion was more influenced by a hydrophilic surface

than by surface roughness. Furthermore, the positive

influence of calcium phosphate on the behavior of

osteoblast cells has been reported.14,25,27-30) Moreover, T.

Mattsuura et al30) have shown that calcium phosphate has

a high adsorption capacity for serum protein.25,27) Thus,

as BCP content increased (3j), anchorage of MG-63

osteoblast cells improved due to adsorption of the protein

onto the surface of BCP induced osteoblast cells, which

were well spread (Fig. 9).

SEM morphology of attached L-929 fibroblast like cells

and MG-63 osteoblast cells on the surface of electrospun

fibrous PCL-BCP composite mats showed that as BCP

content increased, the area of cell spreading on the surface

of mats also increased. Both type of cells showed the best

adherence on the surface of composite mats at 50 wt.%

BCP. The cellular viability and cell adhesion data confirmed

that PCL-BCP composite mats are biocompatible.

4. Conclusions

Electrospun microfibrous PCL-BCP composite mats

with varying BCP contents (0, 10, 30, 50 wt.%) were suc-

cessfully fabricated. SEM micrographs show highly inter-

connected pores with high surface area of elctrospun

PCL-BCP composite mats. Their microstructures were

observed to have combined micro-texture with fine and

coarse fibers in the mats, without dependence on BCP

contents. Fiber diameter was approximately 1 to 7 µm. As

BCP increased up to 30 wt.%, the fiber’s surface started

to become rough, with the roughest at 50 wt.% BCP. The

samples show the highest value of tensile modulus and

ultimate tensile stress at 10 wt.% BCP content. The incor-

poration of BCP decreased the mechanical properties of the

mats like the tensile modulus and ultimate tensile strength.

As BCP content increased, the area of cell spreading on the

surface of mats also increased. Cells showed the best

adherence on the surface of composite mats at 50 wt.%

BCP for both L-929 fibroblast like cell and MG-63 osteo-

blast cell. The data in the present paper show that PCL-

50 wt.% BCP fibrous electrospun composite was non toxic

and spreading behavior was good of both type of cells,

osteoblast and fibroblast cells. PCL-50 wt.% BCP fibrous

electrospun composite posed as good candidates to be

used as bone scaffolds.
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