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Although inhalation of molecular hydrogen has been found to improve neurologic outcomes after
cerebral ischemia, etiology remains unknown. To decipher the mechanisms whereby molecular
hydrogen regulates metabolic dynamics in different brain regions, we used a two-step approach: a
metabolomics to target metabolic pathways responding to hydrogen gas, and a quantitative
imaging mass spectrometry (Q-IMS) to reveal spatial alterations in targeted metabolites in the
brain.

Mice were subjected to a 30-min occlusion of the right common carotid artery followed by
reperfusion and exposure to 1.3% H2 for 60 min. The brain metabolic states were rapidly fixed
using in-situ freezing. The frozen brains were processed for metabolome analysis using capillary
electrophoresis-electrospray ionization mass spectrometry (CE/ESI/MS). The profiling of 95
metabolites showed that H2 inhalation diminished an increase of a metabolite that was related to
purine degradation pathway.

In addition, during FS 2017, we established a rapid method to generate color-coded metabolic-
content maps from the data obtained by MALDI imaging mass spectrometry. In the field of life
sciences, it is imperative to compare and contrast phenomena under different conditions such as
"health versus disease" and "H2 treated versus non-treated". To search molecular targets for
molecular hydrogen, we should be able to track metabolic changes taking place in specific
anatomic structures of the organs. However, until now, there has been a limited method to
examine quantitative differences among separate specimens without losing spatial information.
We, therefore, implemented a new platform which enables "spatio-quantitative" intergroup
comparisons among multiple samples in "at-a-glance" fashion. The new method, RICE (Rapid
Image Contrast Enhancement) aided with intuitive color-coded maps, can efficiently delineate the
difference in metabolic changes between two separate specimens (Goto S et al., Journal of Clinical
Biochemistry and Nutrition, in press). We believe that the RICE will give rise to new insights to
characterize complex metabolic interactions between distinct regions of tissues such as ischemic
versus non-ischemic. Such a strategy will provide means for elucidating molecular mechanisms for
hydrogen effects.
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How does molecular hydrogen protect the brain against ischemic reperfusion injury?
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Although inhalation of molecular hydrogen has been found to improve neurologic outcomes after cerebral ischemia, etiology remains
unknown. To decipher the mechanisms whereby molecular hydrogen regulates metabolic dynamics in different brain regions, we used
a two—step approach: a metabolomics to target metabolic pathways responding to hydrogen gas, and a quantitative imaging mass
spectrometry (Q-IMS) to reveal spatial alterations in targeted metabolites in the brain.

Mice were subjected to a 30—min occlusion of the right common carotid artery followed by reperfusion and exposure to 1.3% H2 for 60
min. The brain metabolic states were rapidly fixed using in—situ freezing. The frozen brains were processed for metabolome analysis
using capillary electrophoresis—electrospray ionization mass spectrometry (CE/ESI/MS). The profiling of 95 metabolites showed that
H2 inhalation diminished an increase of a metabolite that was related to purine degradation pathway.

In addition, during FS 2017, we established a rapid method to generate color—-coded metabolic—content maps from the data obtained
by MALDI imaging mass spectrometry. In the field of life sciences, it is imperative to compare and contrast phenomena under
different conditions such as “health versus disease” and “H2 treated versus non—treated”. To search molecular targets for molecular
hydrogen, we should be able to track metabolic changes taking place in specific anatomic structures of the organs. However, until
now, there has been a limited method to examine quantitative differences among separate specimens without losing spatial
information. We, therefore, implemented a new platform which enables “spatio—quantitative” intergroup comparisons among multiple
samples in “at—a—glance” fashion. The new method, RICE (Rapid Image Contrast Enhancement) aided with intuitive color-coded maps,
can efficiently delineate the difference in metabolic changes between two separate specimens (Goto S et al., Journal of Clinical
Biochemistry and Nutrition, in press). We believe that the RICE will give rise to new insights to characterize complex metabolic
interactions between distinct regions of tissues such as ischemic versus non—ischemic. Such a strategy will provide means for
elucidating molecular mechanisms for hydrogen effects.
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