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Abstract

Hydroxyapatite (HA) is one of the most important biomaterials used for artificial bones and
tissue engineering due to its high biocompatibility. The composition and the micro- and
nano-structures of the biomaterial have been suggested to affect activities of cells adhering on
the surface. However, the influence of HA nanostructures on the cellular activities have not been
understood sufficiently. In this thesis, the cellular behaviors of osteoblasts and fibroblasts were
investigated by using various types of nanostructures of HA and HA/B-tricalcium phosphate
(B-TCP) biphasic calcium phosphate (BCP) prepared through a hydrolysis of a dicalcium
phosphate (DCP) crystal as a precursor. The effects of the surface topography are clarified to be
dependent of the size of the cells and the composition of the substrate. The activities of the
various cells could be controlled by the size, the arrangement, and the composition of the HA
crystals. These results would be useful for the development of a new type of biomaterials
controlling the cellular performance. This thesis comprises six chapters.

Chapter 1 describes the background of this study, the summary of previous works, and the
outline of this thesis.

Chapter 2 describes the preparation procedures of HA and BCP pellets used in this work. The
nanostructured HA pellets were obtained by the hydrolysis of compacted DCP powder prepared
from dicalcium phosphate dihydrate. The nanostructure of the HA pellets was tuned by variation
of the conditions of the alkaline solution. The finely structured BCP pellets were prepared by
sintering of the nanostructured HA pellets.

Chapter 3 describes the response of osteoblasts to various types of the nanostructured HA. The
activities of the osteoblast cells were limited with a decrease in the size of HA nanostructures.
The HA crystals under 100 nm in size inhibited the formation of cellular focal adhesion and lead
cells to apoptosis.

Chapter 4 describes the response of fibroblasts on the nanostructured HA. The fibroblast
showed the high affinity to the 50—100 nm of the HA crystals absorbing a large amount of
proteins. The fibroblasts required the focal adhesion smaller than osteoblasts. On the other hand,
They did not survive on the HA crystals of under 30 nm in size.

Chapter 5 describes the response of osteoblasts on the micro- and nano-structured BCP pellets.
The cells on the microstructured BCP showed sufficiently higher alkaline phosphatase (ALP)
activity than that on the dense BCP. Moreover, the intercellular focal adhesion was clearly
observed even on the micro- and nano-structured BCP pellets. A high amount of calcium ions
eluted from the B-TCP phase of the BCP pellets activated the osteoblasts.

Chapter 6 summarizes the results of this study and describes prospects of the nanostructured
HA materials.
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