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Devglopment of metabolic imaging using DNP-MRI and endogenous molecule as a
probe
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We have developed novel metabolic imagin? method using endogenous redox
molecules as a imaging contrast agent.In vivo dynamic nuclear polarization (DNP)-MRI is a
non-invasive imaging method to obtain the spatio-temporal information of free radicals with MRI
anatomical resolution. The proton signal of tissue, including free radicals, can be dramatically
enhanced by EPR irradiation at the resonance frequency of the free radical prior to applying the MRI
pulse sequence. We found that endogenous molecules such as FAD, FMN and CoQ were clearly visualized
by DNP-MRI system. In addition, FADH is useful probe for in vivo metabolic imaging of
atherosclerosis by DNP-MRI.
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Figure 1: EPR analysis and in vitro DNP imaging of
eumelanin pigment. A) X-band EPR spectrum (center) of
melanin radicals in the eumelanin pigment (7 mg/mL). Two
external EPR peaks represent standard Mn?* peak for
standardization of experiments. B) Relationship between
eumelanin concentration and melanin radical concentration as
measured by EPR. C) DNP-MRI phantom imaging experiment
including various concentrations of eumelanin with 0.2%
agarose gel. EPR irradiation on (DNP ON) and off (DNP OFF)
images were obtained. The ratio of DNP enhancement was
calculated and shown as a difference image. D) DNP
enhancement was changed as a function of melanin radical
concentration calculated by the EPR study. Results are from
three experiments. (Hyodo et al. Free Radical Biology and Medicine
20195 ¥ 31 H)
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Figure 2: Ex vivo DNP and EPR spectra of isolated melanoma

using DNP-MRI and EPR spectroscopy. A) EPR spectrum of

isolated melanoma tissue with 100 uM N CAT-1 radical (1 mL) as
a standard marker was obtained by the 1 GHz EPR system. B)
DNP spectra of isolated melanoma (day 14, 2.04 g) was measured
by DNP-MRI. The DNP effect on DNP ON and OFF images was
monitored from 436 to 485 MHz by a volume coil and from 448 to

462 MHz by a surface coil. C) DNP-MR imaging of melanoma on
the coronal and sagittal plane with or without EPR irradiation. The

melanoma image was obtained by the subtraction of DNP ON
images from OFF images. T, weighted MR images were obtained

by 1.5 T animal MRI. HE image of melanoma tissue.

(Hyodo et al. Free Radical Biology and Medicine 2019 % ¥ 5| H)
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