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Abstract. Polylactic acid (PLA) microfibrous composite scaffolds having hydroxy apatite (HA) particles
in the fibers were prepared by electrospinning of PLA and wet chemical hydrothermal reaction HA with
average diameter of 8.13 um. The fibers were compressed in mould into bulk scaffolds. Microscopy
characterizations confirmed integration of the crystalline HA and PLA fibers in both before and after
compression. The morphology, porosity of scaffolds were examined by scanning electron microscope
(SEM). The HA content were observed by SEM and determined by Thermogravimetry Analysis (TGA).
Agglomeration gradually appeared and increased on the fiber surface along with the increase of HA
concentration. The fiber diameter also increased with the HA concentration. Mechanical property of
scaffold was examined by compressional strength test. The scaffold prepare for bone substitute implant
application with suitable mechanical performance and morphology.
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1 INTRODUCTION

Frame tissue (scaffold) is the artificial structure capable of supporting the formation of cell tissue in
three dimensions when cells were implanted into the frame. Framework for tissue can be used for tissue
culture both in vitro and in vivo [1, 2]. Scaffold transplants cells to create an environment similar inside the
body and allows the cells develop their nutrient environment. Scaffolds HA have many functions: create
supportive framework for the cells attach and grow, transport or retain cells and biochemical factors,
support the diffusion of nutrients and transport the products of cells, regulate cell growth. Frame tissue
requires highly porous structure, uniform pore size and suitable size to facilitate cell to cell cultivation and
transportation of biomass. Biodegradation is also an important HA characteristic, a frame size will be
destroyed and lost without surgery to remove. The frame material tissue and their decomposition products
must be biocompatible to minimize the inflammation and the rejection of the body [3, 4].

Various technologies have been developed to fabricate three—dimensional (3D) porous scaffolds,
example: Gas Foaming, Emulsification/Freeze—drying of which electrospinning HA has been proven to be
a simple and versatile technology for producing ultrathin non-woven fibers with a diameter ranging from
nanometers to microns. The electrospun nanofibers possess a lot of advantages such as an extremely high
surface—to—volume ratio, a small inter— fibrous pore size with tunable porosity as well as vast possibilities
for achieving desirable properties and functionalities, thus HAve been widely used in areas of filtration,
composite reinforcements, optical and chemical technologies, drug delivery and tissue engineering. A
variety of materials including polymers, ceramics and their composites can be electrospun into fibrous
scaffolds. However, considering the requirements of biomimetic structure, good mecHAnical strength and
bioactivity, synthetic degradable polyesters including polylactide (PLA) and polyglycolide (PGA) are
usually used as the scaffold matrix and could be further integrated with inorganic minerals. The poly(L—
lactide) (PLLA) and poly(D-lactide) (PDLA) require at least 24 months and 12—-18 months to finish the
degradation. Therefore, poly lactide is prospective for tissue engineering due to its mechanical properties,
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biodegradation products, flexibility for the clinical applications. Indeed, PLA is currently widely used as
scaffold materials for bone repair with good biocompatibility, non—toxicity and non—inflammation.

In this work, we present results of research on manufacturing of PLA nanofibrous composite scaffolds
containing wet chemical hydrothermal reaction HA by electrospinning method and compression molding.

2 MATERIALS AND METHODS

2.1 Materials

PLA is imported from Korean, molecular weight Mn about 106760 g/mol, 99 % purity, glass transition
temperature from 58-60 °C, melting point at 184 °C. HA is fabricated within wet chemical hydrothermal
reaction in our laboratory. The used solvent is chloroform and acetone.

2.2 Methods

Electrospun fibers processing methods

A pre—determined amount of the HA powder was added into 14 ml Aceton/Cloroform (3/4 volume
ratio). The mixture was sonicated for 15 mins to disperse the hydroxyapatite, into which 0.3 g PLA was
added and dissolved at 40 °C overnight. The mixture was further magnetically stirred for 15 mins, followed
by ultrasonication for another 15 mins to obtain the well-mixed PLA/HA suspension with a PLA
concentration of 7 wt%. The PLA/HA nanofibrous composite scaffold was prepared by electrospinning of
the mixture suspension. Briefly, the as—prepared suspension was added into a plastic syringe equipped with
a needle with an inner diameter of 1.2 mm. The syringe was then mounted onto a syringe pump, in which
the needle was connected to a high voltage power supply. Under 24 kV, the fluid jet was injected out at a
rate of 6.0 ml/h and the resultant nanofibers were collected on an aluminum foil which was put at 15 cm
away from the needle. After electrospinning for 2 h at room temperature, the PLA/HA nanofibrous
composite scaffold was obtained. Pure PLA nanofibers were also prepared as the control. The nanofibrous
scaffolds were dried in ventilating cabinet for 24 h to evaporate the residual solvent.

Morphology

After coated with a thin gold layer, the HA and scaffolds were observed under a scanning electron
microscope (SEM, National institute of Hygiene and Epidemiology (NIHE)). The diameter and pore size
of the nanofibers were measured by an image analysis software (Image J) from at least 30 fibers. For
Thermogravimetric analysis (TGA), measurement is used to determine the concentration of HA on—micron
nanofibers. The measurement was done at University of Pedagogy Ho Chi Minh City.

Compressive Strength

Measurement is used to determine the compressive strength of the scaffolds. The measurement is done
by machine Rubber Testometric Lab. B2, Ho Chi Minh City University of Technology.

3 RESULTS AND DISCUSSION

Morphology and structure of the nanofibrous Scaffolds

In composite materials, the surface and inner structure and distribution of the components HAve a
decisive impact on the materials properties. For tissue engineering application, distribution of the HA in—
and—outside of the fibers will further influence cytocompatibility of the scaffolds, such as cell adhesion and
proliferation. Therefore, morphology and structure of the PLA/HA electrospun scaffolds were observed
under SEM, as shown in Figure 2. In this experiment, a series of PLA/HA composite nanofibers with
different HA amount were fabricated. The PLA/HA electrospun scaffolds showed a randomly
interconnected and highly porous structure which was composed of continuous bead-free nonwoven
nanofibers. The fiber diameter increased from 4478 + 1692 nm (for the 5 % HA/PLA) to 8135 + 2905 nm
(for the 10 % HA/PLA) and further to 9238 + 2257 nm after addition of 5%HA, respectively (Table 1).
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Figure 2. SEM images to show surface morphology of: a) 5 % HA/PLA b) 10 % HA/PLA and c) 15 % HA/PLA
nanofibrous scaffolds.

Table 1. Diameter and pore size of nanofibrous scaffolds.

Sample Diameter(nm)
5%HA/PLA 4478 + 1692
10%HA/PLA 8135 + 2905
15%HA/PLA 9238 + 2257

However, the pore size of all the scaffolds remained more or less constant with an average value of
about 3000 nm regardless of the HA addition. This is quite common for the electrospun fibrous scaffolds,
in which the pores are formed by the alignment of the injected fibers and thereby can be only varied within
a small range. This is consistent with a previous study, in which the pore size was not significantly varied
although the diameter of polystyrene nanofibers was decreased along with the increase of voltage [22].
However, surface structure of the nanofibers varied apparently after addition of the HA. Compared with a
smooth morphology of the 5 % HA/ PLA nanofibers (Figure 2a), a rough surfaces were observed for all the
composite scaffolds (Figure 2a—c). A few tiny particles were found on the fiber surfaces when 5% HA was
more added (Figure 2b). When the amount was further increased to 15% HA, the surface of the fibers was
even entirely covered by a layer of nanoparticles (Figure 2c). A similar phenomenon was also observed by
Thomas et al. [23], in which surface roughness of collagen/20% nano HA composite fibers was substantially
larger than that of pure collagen fibers. Deng et al. [24] also reported the coarseness of the PLLA/HA hybrid
nanofibrous scaffolds, although the average fiber diameter did not vary significantly. In this regard, the
electrospun composite nanofibers of PLA and HA could better mimic the micro/nano—structure of the
natural bone [16]. With increase of the HA amount, the agglomeration became serious, and more and more
particles attached on the fiber surfaces (Figure 2b—c). This observation is consistent with the structure of
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the HA, revealing the successful fabrication of the bone structure biomimetic PLA/HA nanofibrous
composite scaffolds.

TGA results of samples electrospinning fibers

According to the TGA schema of 100 % PLA fibers and 10 % HA/PLA sample corresponding to
Figure 3a: 100 % PLA sample started to decompose at 232.11 °C and completely decomposed at 393.04 °C
in 38.9 minutes. Also, 10 % HA/PLA sample started to decompose at 230 °C and decomposed completely
at 340 °C. Decomposed PLA amount was 4.579 mg, representing 89.78 %.

From the comparison of two samples above, we can know is that HA was successfully dispersed in
the PLA, with HA percentage have been 100 % — 89.78 % = 10.22 %. This content is consistent with the
initial amount of HA.
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Figure 3. a) TGA schema of 100% PLA fibers, b) TGA schema of 10%HA/ PLA fibers.

Morphology and structure of the nanofibrous bulk Scaffolds

As can be seen in Figure 4, fiber structure remained intact because the scaffold were curled when put
into the mold to press in order not to cause tear, fiber deformation. In addition, by correct calculating weight
of material put into the mold, Scaffold layer will be pressed closer, more closely together and not break the
fiber structure.

The amount of material ensured porosity and ensure mecHAnical property of the bulk scaffold. HA
particles are still clinging on PLA fibers, not be separated from the scaffold blocks.
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Figure 4. SEM images to show surface morpholog of bulk scaffolds.

Compression strength of scaffold
Deflection (N)

961 -
722
483 |

244 .

400 Deflection (m)

Figure 5. Compression strength of scaffold.

As shown in Figure 5, the deformation started at 70N at the weak link contact line between HA
particles and PLA. Stress—strain point was 4.49 N/mmz2. After deformation, the internal molecular
rearrange, PLA covered HA particles make the strength gradually increase to 244 N, samples were
destroyed completely. The stress destruction scaffold is calculated 15,65 N/mm2.

4 CONCLUSIONS

Biodegradable PLA nanofibrous composite scaffolds incorporated with bone matrix—mimic
hydroxyapatite particles were successfully prepared by electrospinning of PLA solution HA. At a lower
concentration, HA was uniformly dispersed on the fiber surfaces. Along with increase of the HA
concentration, larger agglomerates gradually covered on the fibers. Biomineralization in the PLA/HA
nanofibrous scaffolds was pronouncedly enhanced HA in the control PLA scaffolds. Integration of the HA
with the PLA nanofibers is a meaningful way to obtain nanofibrous scaffolds with better physical and
biological performance, which are more attractive for bone regeneration too.
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VAT LIEU SCAFFOLD SINH HQC TU SQI MICRO-NANO ELECTROSPUN
POLYLACTIC ACID va HYDROXY APATITE HAP THUY NHIET

Tém tit. Composite khung gian gio tir vi soi poly(lacticacid) (PLA) va vi hat hydroxy apatite (HA) hép
thity nhiét da dugc diéu ché bang phuong phap quay vi soi dién truong gitra PLA va HA véi duong kinh
trung binh HA 1a 8,13 pm. Céc Vi soi dugc nén trong khuon thanh khéi dic céu triic gian gido. Cac dic
trung hinh thai mau tao thanh quan sat véi kinh hién vi dién tir quét (SEM) xac nhan sy két hop cua tinh
thé HA va vi sgi PLA trudc va sau khi ép khdi nhu hinh thai hoc, 46 xdp. HA dugc quan sat qua anh SEM
va dugc xac dinh ham luong bang phan tich nhiét khdi luong (TGA). Su két tu dan xuét hién va ting cuong
trén bé mat doc soi khi ting ham lugng HA trong hdn hop. Puong kinh soi ciing ting véi ndng d6 HA. Co
tinh ctia san pham vt liéu duoc kiém tra bang phép thir nén. Khung gian giao sinh hoc duoc chuin bi cho
g dung ciy ghép xuong thay thé v&i dic tinh co hoc va hinh thai hoc tuong thich.

Tir khéa. PLA, HA, electrospinning, scaffold, hap thity nhiét.
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