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In recent years, it has been suggested that pressure as a mechanical stimulus is closely related to biomechanical phenomena
such as changes in cell shape and differentiation in mechanobiology. Therefore, it is believed that it is possible to capture
the origin of biomechanical phenomena by measuring instantaneous pressure responses. However, the realization of a
method for measuring instantaneous pressure has been a bottleneck. Based on this background, in this doctoral thesis, I
aimed to develop the operating mechanism of a pressure-sensitive chemical sensor that can visualize and quantify
instantaneous and localized pressure changes in a biological environment, and to realize theranostics, which uses pressure
as an external stimulus and instantaneous pressure signal measurement in a biological environment. In exploring the
development of the operating mechanism, I set three parameters for pressure-sensitive chemical sensors: pressure scale of
several MPa, spatial scale of submicrometers, and time scale of nanoseconds. I searched for a region near the apex that
satisfies these conditions (Chapters 1 to 6), and based on the obtained operating mechanism, I developed it into theranostics
in Chapter 7 and pressure signal measurement in a biological environment in Chapter 8.

In conclusion, by systematically clarifying the novel operating mechanism of pressure-sensitive chemical sensors based
on molecular conformation and solvation, we were able to present an analytical method for visualizing and quantifying
instantaneous and local pressure changes that can be applied to biological environments. In addition, by demonstrating the
pressure-driven DDS model system for the first time, we presented an innovative theranostics method using pressure as an
external stimulus. This result is expected to have a wide academic ripple effect as a concept that unifies supramolecules,

mechanobiology, and medical diagnosis and treatment.
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