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Molecular oxygen (O2) plays a pivotal role in aerobic metabolism of cells and tissues. Oxygen
level changes in living tissues are deeply involved in the onset, exacerbation, and progression of
various diseases, and thus the imaging technique for O distribution in living tissues with
high-resolution can greatly contribute to the elucidation of the pathogenic mechanism of
hypoxia-related diseases. An optical O> detection method based on O-dependent phosphorescence
is very useful for in vivo oxygen measurements. In this thesis, a fluorescence and phosphorescence
lifetime imaging microscopy (FLIM/PLIM) system using phosphorescent Ir(Ill) complexes as
optical Oz probe has been constructed for high-resolution O2 imaging in cells, cell spheroids, and
living tissues.

Chapter 1 outlines the background of this study and major O> measurement methods reported
so far, followed by the purpose of this study. Chapter 2 describes the experimental methods used in
Chapters 3-5.

In Chapter 3, a FLIM/PLIM system was constructed using an inverted microscope equipped
with a confocal laser scanning system and an emission lifetime measurement system, and its basic
performance was assessed using a solution of hydrophilic Ir(III) complex. After confirming the
usefulness of the PLIM system, O; imaging experiments on HT-29 cell spheroids were performed
using Ir(Ill) complexes, BTPDM1 and BTP-30H. These complexes showed excellent
characteristics as intracellular Oz probe in photophysical properties such as brightness, lifetime, and
O: sensitivity, and also in intracellular properties such as cellular uptake efficiency, cytotoxicity,
and photostability in cells. In particular, their high cell-permeability facilitated penetration into a
cell spheroid, enabling O> imaging of the entire cell spheroid. PLIM images of HT-29 cell spheroids
stained with BTPDM1 or BTP-30H showed a lifetime gradient that increases from the peripheral
region towards the core. Based on the calibration of phosphorescence lifetime using HT-29 cells, it
was shown that the core region of spheroids fell into hypoxia due to cellular respiration consuming
oxygen. Furthermore, PLIM measurements allowed tracking changes in cellular oxygen

consumption due to metabolic stimulation with FCCP and antimycin A.



In Chapter 4, the PLIM method using BTPDM1 and BTP-30H was applied to O» imaging of
the liver in living mice. The O» probes were intravenously administered to anesthetized mice, and
the PLIM image of the hepatic tissues was measured in vivo. Both BTPDMI1 and BTP-30H were
internalized in hepatocytes, and the PLIM images visualized clearly the characteristic structure of
hepatic lobules. The lifetimes of each pixel in the PLIM images were converted to the oxygen
partial pressure (pO2) based on the intrinsic lifetime (Tg) and quenching rate constant (kq) which
were determined by using AML 12 cells. BTPDM1 gave reasonable O> levels (24 mmHg for the
central vein and 39 mmHg for the portal vein), whereas BTP-30H showed extremely low O levels
(3 mmHg for the central vein and 7 mmHg for the portal vein), suggesting that the detoxification of
probes might affect liver Oz levels. In fact, intravenous administration of NH4Cl to mice caused the
hepatic tissues to fall into hypoxia because of the O consumption to produce ATP required for
detoxification of ammonia. These results reveal that Ir(Ill) complexes allow imaging of
spatiotemporal changes in O levels within the tissue microarchitecture in vivo, but some complexes
may influence oxygen consumption in the liver when used for oxygen imaging of hepatic tissues.

In Chapter 5, the oxygen level of the renal cortex in mice was examined by FLIM/PLIM
measurements using phosphorescent BTPDM1 as an O; probe and fluorescent FITC-lectin as a
vascular staining reagent. In order to clearly image the structure of renal tissues, red-emitting
intracellular probe (BTPDMI1) and a green-emitting intravascular probe (FITC-lectin) were
simultaneously administered to anesthetized mice. FLIM images of renal tissues separately
visualized the proximal tubular cells and the peritubular capillaries by the fluorescence of
FITC-lectin and autofluorescence. PLIM images showed that BTPDM1 was localized in the
lysosomes located on the apical side of tubular cells, and gave different lifetimes depending on the
tubules. Furthermore, PLIM measurements using BTPDM1 showed that the O levels in renal tissue
were sensitive to inspiratory conditions. Using the TS and kq of BTPDMI as determined in HK-2
cells, the average pO: in the S1 and S2 segments were obtained to be 49 mmHg and 41 mmHg for
21% Oz inhalation condition, and 39 mmHg and 33 mmHg for 15% O: inhalation condition. It was
found from these results that the S1 segment had a slightly higher O level than the S2 segment. The
pO: of the renal tissue under 21% O> inhalation condition obtained from the PLIM measurement
was in good agreement with the literature value obtained using the oxygen microelectrode,
demonstrating the reliability of the PLIM system using Ir(IIl) complexes developed in this study.

Finally, the summary of this thesis is described in Chapter 6. This study showed that the PLIM
method using Ir(Ill) complex as an O2 probe provides a useful technique for high-resolution O2

imaging of living tissues in vivo.



