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Raman imaging enables label-free visualization of intracellular molecular distributions based on
molecular vibrational modes that reflect chemical structures and local chemical environments. Despite
these advantages, Raman microscopy suffers from low sensitivity and limited applicability to rapid
biological dynamics due to the inherently small Raman scattering cross—section, which limits signal-to-—
noise ratio (SNR). Although increasing illumination intensity or acquisition time can improve SNR, such

approaches often induce photodamage and motion artifacts

In this dissertation, 1 developed several Raman microscopy techniques to achieve high—-SNR imaging
of weak Raman signals by controlling the physical properties of samples to enhance signal accumulation
and suppress background signals. Cryofixation was introduced to stabilize sample morphology and chemical
states, enabling long—duration Raman observation with reduced photodamage. Cryofixation combined with
fluorescence imaging provided temporal information on biological dynamics prior to the cryofixation.
Background signals were further reduced by exploiting the low—temperature thermo—optic properties of
the sample, and signal attenuation in thick samples was addressed by improving optical transparency

using absorbing media.

First, I developed a cryo—Raman microscopy system that enables rapid freezing and long—duration low—
temperature observation, allowing the accumulation of a large number of photons and thereby achieving
high SNR Raman measurement. This system preserves intracellular molecular distributions and chemical
states, reduces photodamage, and enables large field-of-view, high-resolution Raman imaging. A six—fold
improvement in SNR was achieved by extending the acquisition time sixteen—fold without notable
photodamage. Cryofixation also immobilized mobile small molecules and preserved cytochrome redox states
enabling high—-SNR multiplex Raman tag imaging. Furthermore, the applicability of cryo—Raman microscopy

was demonstrated through imaging of rat heart tissue while preserving cytochrome redox state

Second, time-deterministic cryo—Raman imaging was realized by combining cryofixation with
fluorescence imaging to identify the cryofixed phase of biochemical dynamics. Using this approach
molecular distributions at a specific phase of cardiac beating were successfully visualized with high

SNR and without motion artifacts by cryo—Raman imaging

Third, cryo—Raman microscopy was combined with stimulated Raman photothermal (SRP) microscopy to
further enhance sensitivity. Low—temperature SRP imaging reduced background signals originating from
the linear light absorption of water and achieved a ten—fold improvement in the SNR in imaging PMMA

beads in water by exploiting the increased thermal conductivity of water at low temperature.

Finally, an optical transparency technique using a tartrazine solution was applied to Raman
spectroscopy to improve detection depth in highly scattering biological tissues. Refractive index
matching enhanced Raman signal intensity and extended observable tissue depth from 3 mm to 5 mm,

demonstrating applicability of this approach to thick and strongly scattering biological samples
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