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This research project was conducted to produce artificial red cells (hemoglobin vesicles, Hb-V) aiming
for clinical use. Outdated donated RBCs can be regenerated as artificial red cells that are free from
contamination of pathogens and blood type antigens. Under emergency circumstances, when blood transfusion
is not available, it is expected that injection of stored Hb-V can save the lives of patients. We have established
the basis for production processes and have conducted safety and efficacy evaluations through preclinical trials.
The Hb-V biocompatibility, oxygen transporting capacity, and stability during storage are unrivaled.
Nevertheless, pharmaceutical companies feel reluctant to develop such products because 1) they are
categorized as biological products comprising highly purified human derived Hb, 2) there is no system to
collect outdated blood from hospitals nationwide, and 3) people are not aware of the necessity for this product
in emergency situations and catastrophic natural disasters. In this project, we, the academic researchers who
have developed this product to date, proceed with the production of this product and preclinical studies using
the outsourcing of specialized companies for the next stage of development.

During fiscal year 2016, production of Hb-V was repeated to confirm the standard operation procedure.

According to comments from the Pharmaceutical and Medical Devices Agency (PMDA, Japan), the
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fundamental concept and protocols of GLP preclinical studies were decided. Some of toxicological,
pharmacokinetic, and neurological studies were conducted using rats. Meanwhile a draft protocol of
first-in-human trial was prepared.

Safety evaluations included the following: (i) metabolic enzymes (CYP, conjugation enzymes) and drug
transporters in rat kidneys were unaffected after Hb-V bolus injection; (ii) a transient immunosuppressive
effect observed in splenic macrophages was clarified as related to NO production of macrophages that
suppress T-cell growth.

Efficacy evaluations included the following: (i) Efficacy of Hb-V was confirmed by injecting to a lethal
shock model with hemorrhage and thrombocytopenia using rabbits, yielding results comparable to those of
RBC transfusion. (ii) The mechanism of the suppressive effect of Hb-V on arrhythmia in shock heart
syndrome was clarified as inhibited extension of the action potential duration dispersion. (iii) Highly invasive
perioperative animal models were established with hepatectomy, pneumectomy, and trachea transplantation for

evaluation of Hb-V injection during the next fiscal year.
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