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Abstract of Thesis

This thesis deals with the fabrication of poly(y-glutamic acid) (PGA)-based monoliths by thermally
induced phase separation (TIPS) method. Through appropriate modification, these materials can be utilized in

various fields.

In Chapter 1, new class of monolith based on PGA was successfully achieved by the TIPS technique. A
combination of dimethyl sulfoxide, water and ethanol enabled the production of the PGA monolith with uniform
shape. The monolith had the relatively large surface area in the pore and skeleton sizes of submicron range. The
PGA monolith was converted to the water-insoluble monolith by crosslinking with hexamethylene diisocyanate
(HDI). The crosslinked monolith possessed high resistance toward water as well as organic solvents. The unique
deformability of the wet crosslinked monolith was found. Furthermore, the crosslinked monolith effectively
adsorbed Cu(II)Cl: from the aqueous solution and the copper(II)-immobilized crosslinked PGA monolith showed

strong antibacterial activity against the Z. coli cells.

In Chapter 2, a unique PGA monolith that included both large and small pores has been introduced. It
was prepared by a simple and costless approach that combines the TIPS technique with particulate salt
templates. The monolith was covalently stabilized by internal crosslinking with HDI. This also allowed the salt
templates to be washed out of the monolith. Submillimeter-sized large cavities were thus installed
homogeneously in the monolithic matrix comprising a microporous network created by the phase separation.
This monolith could readily absorb water and deform reversibly. More importantly, pH-responsibility of PGA
was successfully integrated in the monolith. The monolith could expand/shrink and efficiently capture/release

metal ions in response to pH changes.

In Chapter 3, the PGA/apatite monolith was prepared by biomineralization in simulated body fluid
(SBF) for bone tissue engineering. The apatite formed more rapidly on the Ca(II)Cls treated monolith than those
on the Ca(II)Clz untreated monolith in SBF. MC3T3-E1 cells efficiently attached and proliferated on the PGA
monolith and PGA/apatite monolith. BMP-2 was loaded onto the PGA monoliths and slowly released into the
culture media. Moreover, alkaline phosphatase activity in MC3T3-E1 cells cultured on the BMP-2 loaded PGA

monoliths showed increased ALP activity.

In Chapter 4, a pH-degradable PGA monolith was designed for cell scaffolding applications. The PGA
monolith was crosslinked with a low-toxic oxazoline functionalized polymer. The monolith showed pH-controlled
degradability in aqueous media and thermal stability up to the decomposition temperature over 200 °C. The

monolith could absorb a calcium salt homogeneously over the surface and release it.

These results indicate that the PGA monoliths hold large potential for a wide range of applications,

especially in environmental fields and biomaterials.
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