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In this research and development, we aimed to design the mixed gas drug, to develop the mixed gas supply
system, to confirm the efficacy and safety of gas mixture of nitric oxide (NO) and hydrogen in nonclinical
studies, to conduct phase | trial to confirm safety and tolerability on healthy humans, and to make a clinical
study plan based on nonclinical studies and phase | trial. In the efficacy study using pigs, the infarcted area
(necrosis area of myocardium) to area at risk (ischemic area) was not significantly reduced in the single gas
inhalation, but was significantly decreased in the simultaneous inhalation of NO and hydrogen gas. Synergistic
effects by the combination of NO and hydrogen gas was obtained. Before conducting phase | studies, we
completed all necessary efficacy pharmacology tests, safety pharmacology test and toxicity tests, developed
gas mixture as investigational new drugs stored in gas cylinder and mixing equipment, and carried out phase
I trial using them. It was found that the tolerability in healthy human for the mixed gas of hydrogen
concentration of 1.3% with NO concentrations up to 80 ppm for 4 hours of continuous inhalation was good,
and there were no safety concerns was observed. Based on these results, we planned a feasibility study as
phase 11 clinical trial. Concrete results were as follows;

1) Regarding formulation design for the mixed gas drug and examination for its manufacturing, standards
and test methods was established for mixed gas formulations, filling pressure, container specifications and
container valves. The test agents required for the nonclinical safety test were manufactured and the quality
was confirmed. The manufacturing and quality control systems that meet the GMP ordinance have established
and the quality and stability of the manufactured drug during phase I trial were confirmed.

2) Regarding development of the mixed gas supply system, we established a system that can ensure the
safety and supply the mixed gas with sufficient accuracy (within 5%), and manufactured the prototype
equipment to carry out the phase I trial. The system was integrated with a mask which enable a reliable and
safe supply of mixed gas to the patients. Using the prototype equipment, Phase | tests were carried out and
new improvements was clarified.

3) Regarding nonclinical studies, all necessary efficacy pharmacology tests, safety pharmacology tests, and
toxicity tests were completed before conducting phase I trial. In the efficacy pharmacological test, comparison
of infarct areas after ischemia-reperfusion showed that the ratio of the infarcted area to area at risk was not
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significantly reduced in the single gas inhalation, whereas the infarct area was significantly decreased in gas
mixture of NO and hydrogen (the infarct area decreased by 17% compared to the control), indicating that
synergistic effects by the combination of NO and hydrogen gas was obtained. Safety pharmacological test on
respiratory system, circulatory system, and central nervous system and single dose toxicity test, repeated dose
toxicity test, genotoxicity test were carried out.

4) Regarding safety and tolerability of inhalation of mixed gas to healthy humans, phase I trial was
conducted as First in Human test in a step-by-step, randomized, single-blind and dose sequentially accelerated
titration design. It was revealed that tolerance for continuous inhalation for 4 hours was good with respect to
the mixed gas of hydrogen concentration of 1.3% with NO concentration up to 80 ppm, and there were no
safety concerns. The quality of the tested product used was also analyzed before and after use to verify the
quality stability.

5) Regarding a feasibility study as phase Il clinical trial, based on the nonclinical test and phase I trial, we
planned a single-blind, placebo-controlled study to evaluate safety and efficacy of inhaled NO 80 ppm
hydrogen 1.3% for the patients with acute myocardial infarction.

In this research and development, we received PMDA consultation 3 times and conducted this research and
development while feeding back the obtained advice. The initial objectives of this research and development
have been achieved.



