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Abstract

For efficient and side effects-free pharmacological treatment, a drug must be
appropriately distributed in the diseased tissue. For this purpose, an integrated
system that provides both functions of drug delivery and pharmacokinetic
monitoring would be very useful.

With low-energy light pulses, chromophores in tissue absorb the light,
emitting thermoelestic waves (photoacoustic (PA) waves) through adiabatic
expansion. By detecting PA waves, depth-resolved imaging can be made for the
chromophores. Photoacoustic imaging can visualize both of endogenous
chromophores such as blood vessels and exogenous chromophores such as drug
molecules by selecting an excitation wavelength. With high-energy light pulses, on
the other hand, plasma can be generated on a material surface and its expansion is
accompanied by strong pressure wave (photomechanical wave, PMW).
Photomechanical waves can enhance the permeability of blood vessels, which can
be used for transvascular drug delivery. Since both PA waves and PMWs can be
generated by using nanosecond light pulses, PA imaging and PMW-based
transvascular drug delivery can be integrated in one system.

In this dissertation, an integrated system that enables targeted transvascular
drug delivery by PMWs and PA imaging of the distribution of a drug delivered in
the tissue is described. The dissertation consists of five chapters.

Chapter 1 presents an overview of transvascular molecular delivery followed
by the review of development status of imaging methods for blood vessels and the
technical problems. Thereafter, the concept and significance of the integration of
diagnostics and therapy are presented to clarify the objective of this study.

Chapter 2 describes the principle of PA imaging, focusing on
acoustic-resolution PA imaging scheme. A compact PA imaging sensor probe was
developed, with which the imaging characteristics were examined by a phantom
study and blood vessels in the rat skin and subcutaneous tissue.

Chapter 3 presents PA imaging of Evans blue binding with albumin, which
transport drugs throughout a body, in rat burned skin and indocyanine
green-labeled nanocarrier, as a theranostic agent for PA imaging and photodynamic
therapy, in the subcutaneous tumors in mice. The results showed the feasibility
and validity of PA imaging for monitor the distribution of the drugs in the tissues.

Chapter 4 presents research on the integrated system for PMW-based drug
delivery and PA imaging. With the system, Evans blue was delivered to the
subcutaneous tumors in mice and distributions of both the blood vessels and the
drug were visualized, showing the validity of the system.

Chapter 5 is the conclusion of this dissertation. The results of this study and
the future perspective are described.




