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A spherical and porous microparticle of hydroxyapatite/chondroitin sulfate nanocomposites
(HAp/ChS) with high specific surface area was fabricated by using a spray dry method. Adsorption
and controlled release of bone metabolism proteins were investigated with the addition of zinc
cations (Chapter 1). The adsorption phenomena of various proteins onto the microparticles were
investigated; basic proteins were adsorbed a lot on the nanocomposite. Especially, from adsorption
isotherms of IgG based on Langmuir-Freundlich model, the maximum adsorption amount of 1gG was
almost the same as its theoretical value, indicating monolayer and end-on adsorption. The zinc
addition can increase the loading amounts of IgG and enhance the release of 1gG due to the charge
compensation of zinc cations and negatively charged nanocomposites. It was also caused by the
increase of diffusion inside pores of the microparticles based on Higuchi’s equation (Chapter 2).
Osteoclastogenesis inhibitory factor (OPG) had a high affinity to the nanocomposites. OPG loaded
microparticles with zinc cations showed no initial burst and zero-order release in vitro. After systemic
administration into back of rats, the blood levels of OPG were maintained for four days, which was
matched to the in vitro release property (Chapter 3). Anti-sclerostin monoclonal antibody was
successfully loaded into the microparticles with zinc addition. The new bone formation ability was
investigated in vivo under local administration into holes of rat distal femurs. At three weeks of post
operations, a significant increase of newly formed osteoid was observed at the administered sites with
no inflammatory reaction, which was correlated with the in vitro release property. Micro-CT images
indicated no bone resorption at the administration sites (Chapter 4).

In summary (Chapter 5), the systemic and local releases of proteins loaded into the microparticles
were successfully achieved by the addition of zinc cations. The charge compensation was a driving
force of the sustained release of protein drugs, which was expected to be generally applied into
clinical use.
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