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Nagoya University plasma science platform – 165 of originally-developed apparatus 

– for low-temperature plasma sciences and innovations 
•Fundamental, basic 

(source, diagnostics) 

•Green & nano, DX 

•Bio, medicine & agri 

•Semiconductor  



Plasmas occurring in nature 
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Plasma sources & mode transition 

K. Ishikawa, Ch. 2-1. In Plasma Medical Science (Academic Press, 2018); A. Schulze (1998);   4 

Joule heating in the 

discharge path of high 

electrical currents.  
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Optimal temperature range is narrow 
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Time 

Distance 

Non equilibrium 

Te≠Tg 

Thermalization 

S. Yoshimura, Jpn. J. Appl. Phys. 60, 010502 (2021)  

A balance between source 

input and consumption-loss of 

energy determines the 

resulting temperature of the 

living organism, which is 

surrounded by the 

environment. 

Temperature should be controlled for biology 



Optimal temperature range is narrow 

6 S. Yoshimura, Jpn. J. Appl. Phys. 60, 010502 (2021)  
Temperature should be controlled for biology 

Wikipedia 



History of direct & indirect irradiations 
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2000 2010 2020 1990 1980 1970 

Gas temperature >10,000K  ~300K  ≡ Biological temperature ± 1˚C  

He DBD (Kanazawa 1988) 

Plasma scalpel 
(Link, Glover 1973) 

Electrosurgery (Taylor 1929) 

Electroporation 
(Neumann 1982) 

Ar plasma coagulator 
(Storek 1993) 

Plasma needle (Stoffels 2002) 
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Microplaster (Simizu 2008) 
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kINPEN med 
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K. Ishikawa, Free Rad Res 2023, 57, 239 



Indirect - PAL: Plasma-activated solutions 
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Plasma-activated Lactec：PAL 

H. Tanaka et al., Sci. Rep. 6, 36282 (2016). 
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Tumor 

Ringer's lactated solution (Lactec) + plasma 

intravenous infusion 

F. Utsumi et al.,  PLoS ONE 6 (2014) e81576; 

plasma control 

In vitro and In vivo 

http://www.tokai-med.ac.jp/kagaku/student/s081018/sb/
http://www.tokai-med.ac.jp/kagaku/student/s081018/sb/


• Preferential killing of 

tumor cells 

 

 

• Issues 

• Clarification of plasma 

diagnostics and the 

antitumor mechanism of 

Plasma-activated liquids 

Plasma medical innovation – cancer therapy 
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http://diagrampic.com/human-body-outline-diagram/ 

Plasma cancer treatments  

H. Tanaka 

Prostatic 
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Laser diagnostics 

Electron spin 

resonance (ESR) 

Hierarchical complex systems -diagnostics 
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K. Ishikawa, Free Rad Res 2023, 57, 239 



Effects of plasma-liquid interactions 
Plasma – Electrical discharge phenomena 
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History of diagnostics 

12 2010 2020 

Plasma source Gaseous chemistry Aqueous chemistry Plasma-biological interaction 

O 3P (Takeda 2013) 

Gaseous species 

PAM (Tanaka, Utsumi 2013) 

O 3P (Jia 2014) 

ESR (Ishikawa 2012) 

ESR (Kurake 2016, 2017) 

PAL (Tanaka 2016) 

Aqueous radical 

Metabolism (Kurake 2019) 

LTS (Jia 2011) 

Electron phenomena 

Flow dynamics 

Systematic I (Takeda 2017) 

Systematic II (Takeda 2019) 

Flow I (Brubaker 2017) 

Flow II (Brubaker 2019) 

Metabolism (Ishikawa 2020) 

Organics (Liu 2023) 

Organics (Tanaka 2021) 
ESR (Uchiyama 2015, 2018) 

Free radicals in biology 

Intracellular metabolism 



Gaseous - nonequilibrium physicochemical reaction field 
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Laser diagnostics 
K. Takeda, J. Phys. D 50, 195202 (2017). 
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Chemical network - Artificial and natural systems 
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The plasma–liquid interactions 

associated with a plasma discharge are 

similar to those occurring in the Sun 

14 K. Ishikawa, Jpn. J. Appl. Phys. 61, SA0802 (2022). 

Chemical network of nitrogen derivatives 



• Nitrous oxides dissolve and OH radical oxidizes organics 

Aqueous - nonequilibrium physicochemical reaction field 
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PLoS One 10, e0136956 (2015). Toyokuni et al., Plasma Medical Science (Elsevier, 2018). 



OH radical mediated reactions 
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Pyrolysis (in sonochemistry) Photolysis Reactions under Plasma 
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Inorganic and organic antitumor agents 
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• Conformation 

Aqueous reaction lactic acid and OH 

Pubchem; G. S. Hwang U. Texas@Austin 

Solvated water 

molecules 

Acidification in water 

(Alberty-Legendre transform 

in Thermodynamics) 

C3H6O3→ C＞３ synthesis, C3 modification, C＜3 decomposition 

Alcohol (OH)/Aldehyde(C=O)/Carboxylic acid (COOH) 

Organic chemistry, Physical chemistry, Photochemistry, Electrochemistry, 

Organic electrochemistry 
18 



• Hydrogen abstraction  

Plasma-induced aqueous chemistry 
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Chemical aspect - Radical reactions 

Ex. hydrogen abstraction of OH radical 
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Physical actions Chemical reactions. (PACR) 20 



Induction of cellular responses 
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Cellular molecular mechanism 



Intercellular metabolism 

22 

• Metabolic reprogramming: Nutrient acquisition and 

metabolism of malignant cells (Aerobic glycolysis, "Warburg 

effect") 

– Bio-energetic (Glucose oxiation, ATP, etc.) 

– Bio-synthetic (Amino acids, Lipids, Proteins as biomass)  

– Redox balance (NADPH, GSH/GSSG, etc.) 
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Proteins 
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ROS HIF1 

after DeBerardinis and Chandel, Sci. Adv. 2 (2016) e1600200. 

ATP O2 



Differences in metabolites 
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Principle component analysis 
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NO in plasma-induced ferroptosis 

25 



Plasma-liquid & living organism interactions 
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Blood coagulation 
(Fridman 2006) 

KINPen (von Woedtke 2009) 
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Neck & skin cancer 

Plasma biological interactions 
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Plasma liquid interactions (Plasma pharmacy) 

Blood 
coagulation 
(Ikehara 2015) 

PAM (Tanaka 2013) 
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Pathology – plasma pharmacy 
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Plasma triggers nonequilibrium reactions 

28 

• The relaxation of the initiating physical impulses that exceed a 
physiological stress level propagates this network so act as stimulations. 
Thus, the plasma-induced reactions are both dynamic and reversible. These 
subsequently react with other species and generate various products as a 
consequence of physical actions and chemical relaxation (PACR). 
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Relaxation 

Reactive species 
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• Similarities and differences between animate and inanimate systems. All 

the multiple pathways quantitatively are analyzed by multiple in situ 

and real-time measurements during this process. 

Understanding of complex plasma reactions 
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• Low temperature plasma surface interactions – physics and 
chemistry - kinetic control of reactions 

• To elucidate physical actions, chemical reactions (PACR) using 
multiple in situ analyses at real time during processing. 
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