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Non-thermal Intense Electric Fields can be a novel physical stresses or 

stimuli for any kinds of living things, including animals, plants and 

bacteria. 

Cancer treatment

Wound healing

Plant improvement

Germination control

Growth control

Platelet aggregation

P. Blackmore, S.J. Beebe et al.

Melanoma treatment

R. Nuccitelli, K.H. Schoenbach et al.
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(1) Non-thermal Effects:  

- Stress in plasma membrane 

(and proteins connected to membrane)

- Intracellular effects

Stress in intracellular organelles 

Resonance with bio-molecules (?)

(2) Transient Thermal Shock (TTS)  
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Å Dielectric response of biological system is determined by relaxation processes 

(characteristic time ű).    Źdielectric dispersion 

Å There are three mechanisms.(ŭ, ɔ, ɕ, Ů)
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Schematic of biological cell

Frequency dependence of E-field at plasma 

membrane and cytoplasm under AC field

(|E| =100 kV/m, 3-D FEM, linear parameters)Field distribution for different frequency ranges
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Proteins, DNA

Stress to the intracellular organelles
Intracellular field  (> 1kV/cm) is 

expected to give momentum to 

charged components in proteins 

and DNA, resulting in the stress.8

http://upload.wikimedia.org/wikipedia/commons/6/60/Myoglobin.png
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DNAis significantlyfragmentedat

f >3MHz.

N. Nomura, M. Yano, S. Katsuki et al., IEEE TDEI, 2008

Chinese Hamster Ovary (CHO) Cells,  

Comet Assay (single cell electrophoresis)
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Application of PEF causes the rapid 

temperature increase of the cell, which 

may influence proteins.  (TTS)

Conventional Heat Shock
(Hyperthermia;   43for 30 min) 

43 is the critical temperature for 

proteins for the deformation.

Heat tends to be accumulated in 

cancer tissue because of bad blood 

flow. Rapid heating andmoderate cooling

Ź  TTS can be a new biological stress
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HeLa cells

Healthy cell dies by itself when it is too 

old or it is involved in unwanted 

situations.      -APOPTOSIS

Most of cancer cells can not die by 

themselves because they lose 

functions related to apoptosis, 

resulting in keeping proliferating in 

body.  

PEF are novel physical biological 

stress or stimulus, which induces 

unique biological reactions 

associated with apoptosis in cancer 

cells. 
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