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Decellularized tissues are extracellular matrices (ECMs) obtained by removing cells from living
tissue. High hydrostatic pressure (HHP), which is one of the decellularization methods, can be applied to
large three-dimensional tissues without the risk of residual drug. However, ECM is damaged when a
high level of HHP is applied, and cell removal is insufficient when a low level of HHP is applied.
Supercooling is the liquid state below the freezing point, and does not cause physical damage. By
preserving the tissue in a supercooled state without a cryoprotectant, it is considered that cells are
damaged due to osmotic pressure inside and outside the cells while retaining the ECM. In this research,
the effect of decellularization by combining supercooling preservation and application of HHP is
investigated. Specifically, the device that can be preserved in a supercooled state is developed, and the
effects of applying HHP after preserving the cell suspension and three-dimensional collagen gel are
examined.

Chapter 1 describes the background and purpose of this research.

Chapter 2 explains the supercooling device developed in this study and the performance of it.
Furthermore, it is examined whether the frozen state and the supercooled state of the solution preserved
in the device can be determined by the electrical impedance measurement.

Chapter 3 describes the effects of supercooling preservation of cell suspensions under
cryoprotectant-free conditions. Cell viability, initial adhesion, and cell proliferation are evaluated.

Chapter 4 explains the effects of the combination of supercooling preservation and HHP on cell
structure and cell function. After supercooling preservation of cell suspension, 100, 150, and 200 MPa of
HHP are applied.

Chapter 5 describes the effect of applying supercooling preservation and HHP on cell embedded
collagen gel. Cell embedded collagen gels are manufactured and preserved in supercooling state. After
preservation, 100, 150, and 200 MPa of HHP are applied, and then cell viability, DNA remaining inside
the gel, and collagen fiber structure are evaluated.

Chapter 6 presents conclusions of this study and future works.




