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Annual Research Highlights

(1) “Multimodal and multiplex spectral imaging of rat
cornea ex vivo using a white-light laser source”

We applied our multimodal nonlinear spectral imaging
microscope to the measurement of rat cornea. We
successfully obtained multiple nonlinear signals of
coherent anti-Stokes Raman scattering (CARS),
third-order sum frequency generation (TSFG), and
second harmonic generation (SHG). Depending on the
nonlinear optical processes, the cornea tissue was
visualized with different image contrast mechanism
simultaneously (Fig. 1). Due to white-light laser
excitation, multiplex CARS and TSFG spectra were
obtained. Combined multimodal and spectral analysis
clearly elucidated the layered structure of rat cornea with
molecular structural information. This study indicates
that our multimodal nonlinear spectral microscope is a
promising bioimaging method for tissue study.

(a)

Fig. 1 Multimodal and multiplex spectral imaging of corneal
epithelium in the in-plane (XY) direction; (a) TSFG, (b) SHG,
(c) CARS at CHs stretch, (d) CARS at CH: stretch, (e) CARS at
CH bend, (f) CARS at purine-ring stretch, (g) CARS at
phenylalanine residues. The image corresponds to 100 x 100
pm?,
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(2) “Electronically resonant third-order sum
frequency generation spectroscopy using a
nanosecond white-light supercontinuum”

Third-order sum frequency generation (TSFG) is one of
the third-order nonlinear optical processes, and has the
generation mechanism analogous to third harmonic
generation (THG). By using a  white-light
supercontinuum, we can obtain broadband multiplex
TSFG spectra. In the present study, we developed an
electronically resonant TSFG spectrometer, and applied it
to obtain TSFG spectra of hemoproteins. Analyzed TSFG
ratio spectra clearly showed the resonant enhancement
attributable to the electronic state of hemoproteins. This
is a promising method for the imaging of electronic states
of molecules inside living cells or tissues.
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Fig. 2 (a) Intensity-corrected TSFG spectra of Hb solutions.
Each plot corresponds to PBS, oxidized Hb, reduced Hb and
albumin. For comparison, absorption spectra of oxidized and
reduced Hb solutions are shown by solid lines. (b) Calculated
ratio spectra of oxidized and reduced Hb solutions.
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