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Antioxidant culture method and antioxidant auxiliary equipment
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The antioxidant culture method and antioxidant auxiliary equipment were developed to mitigate
oxidative stress, cellular senescence, and reduced productivity in high-density cultures. Using
electrolytic hydrogen technology with a 3D-printed peristaltic pump lowered intracellular ROS,
enhanced cell viability, and increased viral antigen yield. Performance was validated in bovine
ephemeral fever virus (BEFV) vaccine production, and the technology is expected to extend to stem
cell and large-scale viral culture systems.
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This technology aims to introduce antioxidant molecular hydrogen into cell culture systems to
reduce oxidative stress, thereby enhancing culture stability and improving production efficiency.
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(Induction of cellular senescence under high-density
culture stress)
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(Mechanistic roles of molecular hydrogen in antioxidation,
anti-inflammation, and cell protection)
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(Reduction of oxidative stress during viral production by the antioxidant equipment)
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Case 1: Efficacy validation of the antioxidant auxiliary equipment applied to BEFV vaccine manufacturing.

37C 5% CO, O

BelloStage
Control panel

Power supply unit
(PsU)

Op'DEF . ‘

1
. ‘ﬁ 00 E_F power supply - ]
Microcontroller

Power control system

Incubator

BelloStage-3000 Control box

o PEM clectrolyzer P oence: AN

Figure 3. £ REVRZMACHB AR Z R FEILERE

(Establishment model of the antioxidant auxiliary system for bioreactors)
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(Monitoring of cell growth curves and measurement of molecular hydrogen concentration)
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(Enhancement of total BEFV antigen yield using the antioxidant auxiliary system)
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Validation Case 2: Application of an automated 3D dynamic culture system as an in
vitro antioxidant model for dynamic cell culture.
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(Dynamic cell culture antioxidant system establishment)
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(Validation of enhanced cell viability in 3D dynamic culture using the ant|OX|dant auxiliary system)
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A high-efficiency antioxidant cell culture method and auxiliary equipment

have been successfully developed, significantly enhancing cell viability and
bioproduct yield.
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The equipment can be applied to various bioreactors to reduce oxidative
stress and cellular senescence in high-density cultures. It ensures high
biosafety with no drug residues or toxic byproducts. The system enhances
cell susceptibility to viruses, accelerates production cycles, and increases
cell activity and density. The overall process becomes more efficient,
reducing costs and carbon emissions, and demonstrating strong industrial
application potential.
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This technology employs modular, lightweight, and automated design to
create a safe, low-burden environment that supports workplace equality and
Inclusivity. The antioxidant system is applicable across pharmaceuticals and
regenerative medicine, featuring sustainability, safety, and inclusiveness
while demonstrating both social responsibility and technological value.
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