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Design of materials harmonizing with environment and life Professor

Masanobu Kamitakahara
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Nowadays, we are using many materials in our daily lives. From the viewpoint of environmental science, materials design helps to build a sustainable

society. In this laboratory, based on the fundamental science of the relationship between materials and phenomena in nature and life, we study the design

of materials that produce harmony between the environment and human life from the viewpoint of environmental science. We are studying and developing

biomaterials to repair our bodies, materials for bioreactors, materials to clean the environment and materials that are in harmony with the environment.
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Fig.1 Spherical granules and irregular-shaped granules of calcium
phosphate, and cements prepared from those granules. (a) Spherical
granules (b) Irregular-shaped granules (c) Cement from spherical
granules (d) Cement from irregular-shaped granules

Preparation of calcium phosphate cement
for bone regeneration

We are preparing bone repair materials that are incorporated into
metabolism. Development of injectable artificial bone cements that
promote bone regeneration is desired. We have succeeded in preparing
spherical porous calcium phosphate granules that are incorporated into
bone metabolism. By incorporating these spherical porous bodies into
calcium phosphate bone cement, we developed a new porous calcium
phosphate bone cement that has macropores that allow cells and bone
tissue to enter as well as micropores that allow body fluid and protein to
enter. We revealed that the use of spherical porous calcium phosphate
granules facilitates granule packing and makes the size distribution of
macropores uniform compared to the case of using irregular-shaped
porous granules. We aim to produce cement with high bone regeneration
ability by selecting the type of spherical porous calcium phosphate
granules and the reaction that contributes to hardening.

In addition, as a design of highly bioresorbable calcium phosphate
cement, we are also studying the preparation of cement that combines
bioresorbable polymers such as phosphorylated pullulan with calcium
phosphates. We aim to produce a cement with high bioresorbability that
hardens even with a low calcium phosphate content due to the ability of
bioresorbable polymers to retain particles. A student has received a
poster presentation award at the academic conference for the
achievement.

Fig.2 Cement mold and cement composed of calcium phosphate and
biodegradable polymer.
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Fig.3 Octacalcium phosphate granules loaded with silver ions.

Preparation of drug-loaded bone
repair materials

Many attempts have been made to load drugs on artificial bones to
impart a function. To induce a drug’s function effectively, it is necessary
to control the drug’s release behavior. For that purpose, we think the
drug-loading method is important. In this study, we investigated the
effect of the drug-loading method on the release behavior of the drug.
We revealed that the drug could be firmly loaded on spherical porous
granules of octacalcium phosphate having high bone regeneration ability
when the granules are produced by a dissolution—precipitation reaction
by coexisting with the drug. However, it was also revealed that when the
drug is supported after the production of octacalcium phosphate
spherical porous granules, it can be supported at a high concentration
but is released at an early stage. At present, we are also studying the
preparation of octacalcium phosphate spherical porous granules loaded
with silver ions with the aim of imparting antibacterial properties.

Preparation of scaffold materials
for bioreactors using microorganisms

Attention is being paid to metal recovery and environmental purification
by bioreactors using microorganisms. To construct a bioreactor, a
material capable of stably supporting microorganisms is required. To
support microorganisms, it is important to develop a material with a
surface on which microorganisms can easily adhere. In this study, we
focused on titanium metal, which can form highly hydrophilic titanium
oxide on the surface. Titanium metal substrates that have been oxidized
under various conditions have been prepared, and the adhesion behavior
of microorganisms on the substrates has been investigated.

Activities in academic societies

M. Kamitakahara: Committee Member of the Japanese Society for
Biomaterials, Committee Member of Division of Ceramics in Medicine,
Biology and Biomimetics of the Ceramic Society of Japan, The Society
of Inorganic Materials, Japan, etc.

Fig.4 Microorganisms attached on titanium plate.
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