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This 3-year project aims to elucidate the benefit and safety of a Japanese traditional medicine
(Kampo), maoto, for the treatment of influenza infection through an integrated analysis of
pharmacokinetics and non-targeted/targeted analyses on the systems biology platform. The research
will provide the high-level clinical evidence, detailed elucidation of mechanism of action and the
diagnosis of maoto responders. The first-year plan consists of clinical pharmacokinetics study using
healthy volunteers mixed with non-targeted and targeted metabolomics and in vitro/in vivo
pharmacological analyses using relevant animal and cell disease models. Many ingredients
contained in the maoto drug substance are subjected to extensive metabolism executed by host
xenobiotic system and enteric microbiota, therefore it is indispensable to elucidate the compounds
and metabolites appeared in the blood after maoto administration. Not the original compounds
contained in the maoto drug substance, but the compounds and metabolites appeared after/by maoto
administration, are supposed to be the candidates for the “true” active principles for maoto’s
beneficial effects.

All study procedures were conducted in accordance with the ethical principles of the Declaration of
Helsinki, consistent with Good Clinical Practice guidelines (UMIN:000023609) , and approved by the

institutional review board at Kochi Medical School Hospital. (Institutional Review Board approval :
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2017/08/01)

Results of Pharmacokinetic study. Among the absorbable major 22 ingredients, 16 ingredients
were detected and the plasma concentration—time profiles have been obtained, which provides the
basis for understanding time-dependent expression of pharmacological activity by these compounds
which have different pharmacokinetics profiles. Glycyrrhetic acid, which is a metabolite of a maoto’s
major ingredient produced by enteric microbiota, showed prominent individual difference in the time
to start to appear in the plasma, presumably due to the difference in microbiota among individuals.
However, integrated with the previous pharmacokinetics data of various Kampo conducted in Kochi
university and Tsumura & Co., the present results suggest that the individual difference may be
clustered into 3 classifications, which might be open the way tailor-made medical use of maoto.

Non-targeted metabolomics revealed that quite limited portions (2.3%) of the original compounds
contained in maoto appeared in the blood after maoto administration. Other 97.7% are supposed to
be the metabolites produced by host xenobiotic systems and enteric microbiota. Although the
chemical composition of these compounds had been obtained, it had been difficult to determine the
chemical structure formula. However, unexpectedly, surprising progress in bioinformatics has
enabled us to analyze such previously untreatable compounds with the help of overwhelming
database of conjugated compounds and flavonoids and artificial intelligence, which provides more
comprehensive and more relevant assumption of the “true” active principles of maoto. The analysis is
now in progress.

Results of targeted metabolomics, performed on the clinical samples, are co-analyzed with the
results of basic studies using in vitro and in vivo (rats) pseudo-infectious disease models. The
analysis revealed a unique mechanism of action of maoto on the symptoms, such as fever, fatigue and
body-weight loss. Pseudo-infectious agents induced the production of prostaglandins, generators of
pain and fever, which was suppressed by maoto, not via inhibition of prostaglandin producing
enzymes including cyclooxygenases (which is the general mechanism of existing analgesics), but via
multipoint- and mutli-modal-interference upon the long track of pathways toward prostaglandin
synthesis. This is a completely new mode of analgesics and anti-inflammatory agents. On the
inflammatory metabolic pathway streaming omega 6 fatty acids -> arachidonic acid ->
(cyclooxygenases) -> prostaglandins, maoto rebalanced the production of fatty acids from omega 6 to
omega 3 production, reduced arachidonic acid production via diversion of fatty acid substrates to the
paths other than arachidonic acid production, canalized the direction of arachidonic acid metabolism
to the channels not leading to prostaglandin production.

Future plans. 1) Further extensive analysis on non-targeted metabolome, 2) elucidation of
bioactivity of newly identified and/or assumed compounds appeared in the blood after maoto
administration, 3) further extensive study of the individual difference in pharmacokinetics of active
principles, 4) elucidation of spacio-temporal map of pharmacological action of maoto’s “true” active
principles and their target molecules, 5) integrated analysis of these data on the platform of systems
biology, “Garuda”, equipped by Systems Biology Incorporated, the leader of systems biology. The
research will provide the deeper understanding of the benefit and safety of maoto for the treatment
of influenza infection, and the completely novel methodologies of investigation of traditional

medicines.
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