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Optical methods using phosphorescence quenching by oxygen are suitable for the
measurement of oxygen concentration imaging within cells. Pt(I) mesotetrakis
(4-carboxyphenyl)porphyrin (PtTCPP) has been used for oxygen concentration imaging in
cells. PtTCPP, however, has tendency to change its spectroscopic properties by the interaction
with biomolecules. In addition, PtTCPP is difficult to accumulate in cells in the presence of
serum due to the dye-serum interaction, so the effect of serum starvation is inevitable in
oxygen concentration imaging. Therefore, the phosphorescent dyes which suppressed the
interaction between dye and biomolecules are desired.

One of the elucidation towards this problem is using dendrimer structure. In this work,
new dendrimer-porphyrins of 2nd—4th generation with various surface functional groups were
synthesized. The investigation of the oxygen sensing properties and the effects of
biomolecules on dendrimer-porphyrins by spectroscopic measurements suggested that the
dendrimer-porphyrins could be used as oxygen sensor which are suppressed the effect of
biomolecules. The cationic dendrimer-porphyrins showed high cellular uptake and were
accumulated in cells in low concentration, but had high dark-cytotoxicity when dye
concentration was high. By contrast, the neutral dendrimer-porphyrins exhibited low
dark-cytotoxicity but showed low cellular uptake and were accumulated in cells with longer
incubation time. Furthermore, the oxygen concentration imaging using dendrimer-
porphyrins suggested that dendrimer-porphyrins were accumulated in cells even in the
presence of serum. Therefore, oxygen concentration imaging without the effect of serum
starvation was achieved.

Using the pore-inside of mesoporous silica nanomaterials (MSNs) is also one of the
elucidation towards the problem. PtP@MSNs were synthesized using triethoxysilane-group
containing Pt-porphyrin and MSNs with pore-size of 2.4 nm. PtP@MSNs also showed the
oxygen sensing property and were suppressed the biomolecules effect. PtP@MSNs were
accumulated in cells in the presence of serum and their phosphorescence in cells responded
gaseous oxygen concentration. Furthermore, the light induced damage to cells stained with
PtP@MSNs was lower than that of PtTCPP. This is because generated singlet oxygen in pores
was quenched before leaking out of the pores. The oxygen concentration determination,
however, did not achieve because the small biomolecules interacted with Pt-porphyrin to
change its phosphorescence lifetime.

In summary, synthesized dendrimer-porphyrins and PtP@MSNs exhibited the oxygen
sensing property and showed low interaction with biomolecules than PtTCPP. These
phosphorescent dyes could be applied for oxygen concentration imaging without serum
starvation, furthermore, PtP@MSNs showed lower light-cytotoxicity than PtTCPP.
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