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In recent years, research on the medical and agricultural 

applications of low-temperature plasma has been actively 

conducted . We discovered the anti-tumor effects of 

plasma-activated medium (PAM) [1] and further 

invented plasma-activated Ringer’s lactate solution 

(PAL) [2]. Building on these findings, we have advanced 

the bioapplication research of various plasma-activated 

solutions. 

We revealed that while PAM induces oxidative 

stress-dependent cell death in U251SP cells, PAL induces 

oxidative stress-independent cell death [3]. Furthermore, 

in addition to reactive oxygen and nitrogen species 

(RONS) such as hydrogen peroxide and nitrite ions, we 

identified various reaction products generated from 

interactions between plasma and lactate in PAL. Among 

these components, some, like 2,3-dimethyl tartrate, 

exhibit selective cytotoxicity toward cancer cells without 

affecting normal cells when used alone, while others, 

such as EA, GA, and TA, demonstrate selective cytotoxic 

effects when used in combination [4]. 

Furthermore, we found that PAL induces autophagy 

followed by ferroptosis in mesothelioma [5]. In addition, 

we identified specific components within PAL that are 

capable of inducing autophagy [6]. We have also 

developed a plasma-activated solution using L-arginine 

(L-Arg) [7]. 

In fiscal year 2023, a first-in-human 

investigator-initiated clinical study of PAL was launched, 

and a safety assessment on human skin was conducted. 

We are also advancing research on the agricultural 

applications of plasma-activated solutions. Through 

years of study, we have discovered that PAL reduces the 

proportion of immature grains and increases the 

proportion of white-core grains, which are important for 

sake production. In addition, we have developed a smart 

agriculture system equipped with high-power LED 

panels capable of cultivating rice plants through to 

harvest [8]. 
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