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ABSTRACT

5082001063: Polymer Science Program
Napaphat Thadavirul: Development and Improvement of Dual-
leached Polyester Porous Scaffolds for'Bone Tissue Engineering
Thesis Advisor: Prof. Pitt Supaphol 195 pp.

Keywords: Scaffold/ Polycaprolactone/ Solvent casting/ Particulate leaching
method/ Polymer leaching/ Poly(hydroxyhutyrate)/ Poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) / Hydroxyapatite

Sodium chloride and polyethylene glycol (PEG) were used as water-soluble
porogens for the formation of porous polycaprolactone (PCL) and their blends
scaffolds. The main purpose was to prepare and evaluate in vitro efficacy of highly
interconnected, three-dimensional, porous polymeric scaffolds, as obtained from the
combined solvent casting and particulate-polymer leaching techniques. Evidently,
the use of PEG as the secondary porogen not only improved the interconnectivity of
the pore structures but also resulted in the scaffolds that exhibited much better
support for the proliferation and differentiation of the cultured bone cells. Although
increased porosity and interconnected network facilitate bone ingrowth, the result is
a reduction in mechanical properties of scaffold. For these reason, the another
purpose of this study was to improve the mechanical properties of the dual-leached
PCL scaffold by the addition of hydroxyapatite and improve the hydrophilicity of
dual-leached scaffolds by alkaline treatment. The potential for PCL-PHB, PCL-
PHBV, PCL-PHB/HA, and PCL-PHBV/HA dual-leached scaffolds use as bone
scaffolding materials were also evaluated in vitro mouse calvaria-derived
preosteoblastic cells (MC3T3-E1). The results indicate that NaOH treated PCL/HA
dual-leached scaffold possesses improvement in mechanical properties and
hydrophilicity, and PCL-PHB, PCL-PHBV, PCL-PHB/HA, and PCL-PHBV/HA
dual-leached scaffolds possess improvement in mechanical properties, degradation.
All dual-leached scaffolds show their ability to support MC3T3-E1 cell attachment,
proliferation, and mineralization for used as bone scaffolding materials.
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ALP Alkaline phosphatase

BCA Bicinchoninic acid

BMP Bone Morphogenetic Protein
BMSCs Bone Marrow Stem Cells
BMUs Basic multicellular units

BV butyrate-co- hydroxyvalerate
cm Centrimeter

CAD Computer aided design

CAM Computer aided manufacturing
CaC0s Calcium carbonate

CaOH: Calcium hydroxide

CO: Carbon dioxide

d Day

DI Deionized water

DMEM Dulbecco’s modified Eagle’s medium
DMSO Dimethyl sulfoxide

ECM Extracellular matrix

EDTA Ethylenediaminetetraacetic acid
EDS Energy dispersive spectrophotometer
FBS Fetal bovine serum

FDA Food and Drug Administration
FHA Fluridated hydroxyapatite

h Hour

HA Hydroxyapaaiite

HMDS Hexamethyldisilazane

hMSC Human bone marrow stem cell

HaPO4 Phophoric acid



HSD

1929

LSD
MC3T3-EL
MEM
MgCl2

MR
MTT

NaCl
NaOH
Pa
PBS
PEG
PCL
PGA
P4HB
PHB
PHBV
PHH
PHO
PHV
PLA
PLGA
PLLA
PNPP
Sec
SEM
SFF
SFM
TCP
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Honestly significant difference

Murine dermal fibroblasts

Least-significant difference

Mouse calvaria-derived pre-osteoblastic cells
Minimum Essential Medium

Magnesium chloride

Magnetic resonance Imaging
3-(4,5-Dimethyl-2-thiazolyl)-2, 5
diphenyltetrazolium bromide
Sodium chloride

Sodium hydroxide

Pascal

Phosphate huffer saline
Polyethylene glycol
Polycaprolactone

Polyglycolic acid
poly-4-hydroxybutyrate
Poly(3-hydroxybutyrate)
Poly(3-hydroxybutyrate-co-3-hydroxyvalerate)
polyhydroxyhexanoate L]
polyhydroxyoctanoate
polyhydroxyvalerate

Polylactic acid
Poly(lactide-co-glycolide)
Poly(I-lactide)

p-nitrophenyl phosphate

Second

Scanning electron microscopy
Solid freeforming fabricatiion
Serum-free medium

Tricalcium phosphate



TCPS
TEM
TGA
Tris-HCl

XRD
UTM
UV-vis

Tissue-culture polystyrene plate
Trasmission electron microscopy
Thermogravimetric analysis
Tris(hydroxymethyl)aminomethane
hydrochloride

X-ray diffraction

Universal testing machine
UV-visible spectrophotometer



D
p
9
X
K

P pcl

Aolymer

Acaffoid
Wo
W

W

LIST OF SYMBOLS

Average crystallite size
Peak at half width
Bragg angle of the peak
X-ray wavelength
Shape factor

Density of PCL film

Density of the polymer from which the scaffolds were
fabricated

Apparent density of the scaffolds

Initial weight

Weight of the specimen before submersion in the medium

Weight of scaffold at single degradation time point

Weight of the specimen after submersion in the medium
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