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We designed and synthesized phosphorescent oxygen probes based on iridium complexes for intracellular
and tissue oxygen sensing. Using the newly-synthesized probes, we developed optical detection techniques for
visualization of oxygen distribution in living cells and tissues. Quantification of the biological oxygen levels
was performed utilizing phosphorescence quenching of iridium complexes by molecular oxygen.

We first developed a new iridium complex BTPDM1 which gives the phosphorescence maximum at 615 nm.
BTPDMI1 showed a very high cellular uptake efficiency and high oxygen sensitivity even in cultured cells. In
order to improve the tissue penetration ability of BTPDM 1, we synthesized near-infrared (NIR) emitting iridium
complexes comprising condensed polycyclic thiophene derivative and o-phenanthroline ligands, and the
complexes consisting of mesityl dipyrrinato and phenylpyrazole ligands. These NIR emitting complexes
exhibited high oxygen sensitivities, good cellular uptake ability and biocompatibility, and allowed imaging of
hypoxic tumor tissues of living mice.

We used the phosphorescence lifetime of cultured cells loaded with our oxygen probe to quantify the tissue
oxygen levels. The relationship between the phosphorescence lifetime of the probes in cultured cell and the
oxygen partial pressure in an incubator was measured to construct the calibration curve.

Utilizing the cell-penetrating property of BTPDM1, we investigated the oxygen distribution in spheroid cells
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from the HT-29 colon cancer cell line. BTPDMI1 penetrated the spheroid and stained whole area.
Phosphorescence lifetime imaging microscopy (PLIM) measurements allowed the phosphorescence lifetime
imaging of spheroids, which can be converted to oxygen distribution images of cell spheroid. The interior of
the spheroid showed longer lifetimes compared with those of the peripheral region, and the lifetime was the
longest at the bottom. This suggested that diffusion limited supply of oxygen induced hypoxia near the bottom
of the spheroid because of oxygen consumption in the spheroid.

We could observe intravital oxygen gradient for the tumor tissues of anesthetized mice by measuring the
phosphorescence decay profiles of BTPDM1 delivered into tumor and extratumor regions: the average decay
lifetime (3.95 us) of a tumor tissue was remarkably increased as compared with that (2.04 us) of extratumor
tissue. These elongated lifetime values allowed tumor-specific hypoxic luminescence to be distinguished from
normal tissue-dependent background luminescence and provided pO- levels of 6.1 mmHg and 50 mmHg for
tumor and extratumor tissues, respectively.

Combined use of a water-soluble iridium complex (dttph)Ir(phen-pipePEG12) and a macro zoom microscope
enabled us to obtain fundus phosphorescence images of a rabbit. The lifetime of the fundus phosphorescence

elongated after 15 % O, inhalation, demonstrating the oxygen response of the fundus phosphorescence.
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