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Plasma sources & mode transition 15
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Optimal temperature range is narrow

A balance between source
input and consumption-loss of
energy determines the
resulting temperature of the
living organism, whichis
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History of direct & indirect irradiations &7
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Indirect - PAL: Plasma-activated solutions &

Plasma-activated Lactec : PAL > Antitumor effect on PAL
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Plasma medical innovation — cancer therapy

Plasma cancer treatments
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Hierarchical complex systems -diagnostics

Laser diagnostics
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History of diagnostics )

Plasma source <= Gaseouschemistry<> Aqueouschemistry <= Plasma-biologicalinteraction
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Gaseous - nonequilibrium physicochemical reaction field w
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Chemical network - Artificial and natural systems 4=/

Chemical network of nitrogen derivatives The plasma-liquid interactions
associated with a plasma discharge are

similar to those occurring in the Sun
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Aqueous - nonequilibrium physicochemical reaction field w

* Nitrous oxides dissolve and OH radical oxidizes organics
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OH radical mediated reactions
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Effects of plasma-liquid interactions 15

Plasma — Electrical discharge phen

Gaseous phase . Gaseous phase
2 2 Interface From liquids . 2
Liquid phase l\/l Solid phase
Water 5 Ringers' solution . "Blood | Cell | Solid surface
o (D = Cell CU|tl|f|re medium Wound \ Skin .
ater (Dissolved gases, .
Caonductivity, etc. )g i * Red blood cells, Membranes, :
y €tc) . White blood cells * Extracellular matrix
Inorganic salts e ' (Connective fiber),

CCIC O

_ » Cytoskeletal filaments
Carbohydrates (Saccharides) (Microfilaments, Microtubules,
Intermediate filaments)

Proteins (Peptide,
Amino acids) « Cells

Lipids (Glycerol, Fatty acids) [+ Tissues

* (Epithelial, Connective,
Nucleic acids (Nucleotides) Muscle, Nervous)

|+ Organs

Constituents




Inorganic and organic antitumor agents
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Aqgueous reaction lactic acid and OH

e Conformation

Solvated water
molecules

Acidification in water
(Alberty-Legendre transform
in Thermodynamics)
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Plasma-induced aqueous chemistry 15[
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Chemical aspect - Radical reactions 15

Generation of reactive species involving radicals
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Induction of cellular responses 15
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Intercellular metabolism

« Metabolic reprogramming: Nutrient acquisitionand
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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Key results in metabolism

)
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Redox Biology

Wolume 43, July 2021, 101989
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Research Paper A The role of NO in PAL-induced ferroptosis
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Plasma-liquid & living organism interactions &

us .
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Pathology — plasma pharmacy

Plasma stress

)
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Plasma triggers nonequilibrium reactions &/

‘Colwision (Physical action)

» The relaxation of the initiating physical impulses that exceed a BT s
physiological stress level propagates this network so act as stimulations. (Difusion an chemi-jﬁl_r_}a_cji?n
Thus, the plasma-induced reactions are both dynamic and reversible. These : Ji 3

subsequently react with other species and generate various products as a . /
consequence of physical actions and chemical relaxation (PACR). .
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K. Ishikawa, Jpn. J. Appl Phys. 61, SA0802 (2022).



Conclusion - plasma as a tool to open life innovation w

Low temperature plasma

Physics electron ion rcg)cal lt%\ Chemistry

(CO”iSiOnS) (intermolecular
reactions)
G G rer . ._ T \
aseous phase , non- equtltbnum reaction field X | Interface __
Liquid phase | SISO @O aerosol Solid
Water R __ b_u_b@ [_e I gd_tc_ai - l_OL’)S_ ________ /I Po[ymers

Inorganics (Salt, etc.)
Alcohols  Organics (Glucose, Amino acids, etc.)

Biological matters

* 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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Understanding of complex plasma reactions &

« 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.

a) Conventional b) Present status ¢) Future goal
Plasma Plasma (Functional nitrogen) Plasma
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rima o -
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Respaonses ResBQIDses
\V
Phenotypes Phenotypes Living organism
Linear cascade Multiple paths & synergisms Clustering network

T. Kaneko et a/ Jon. J App/l Phyvs 61 SA0805 (2022).
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