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Abstract

Introduction: One of the effects of Extremely low frequency 

electromagnetic fields on living systems can be the increase in 

the level of apoptosis in cancer cells. In the 1990s, studies were 

conducted on the effect of very low frequency electromagnetic 

fields (ELF_EMF) on biological systems. They were initially 

thought to be induced by cyclotron resonance mechanisms to 

increase calcium levels in cancer cells and induce apoptosis. This 

mechanism was later rejected for some reason. In addition, the 

influence of the Earth's magnetic field on bird navigation has been 

raised. Since different effects have been observed on biological 

systems, the presentation of the mechanisms of this effect has 

become an important topic in biophysics.

Methods: Studies have shown the effect of the Earth's magnetic 

field on the migration orientation of birds. The singlet and triplet 

modifications in the cryptochromic protein of these birds in the 

cornea of the eye justify this effect. The effect of ELF_EMF on 

calcium flux was investigated by measuring the amount of 

fluorescence light by fluorescence microscopy. The effect of these 

fields on the apoptosis of cancer cells was measured by flow 

cytometry.

Results and discussion: It seems likely that these fields could 

have an impact on the production of ROS, according to studies 

conducted in cancer cells that have higher levels of reactive 

oxygen species than normal cells. ROS can exhibit some 

resonance effect and induce apoptosis. 

Conclusion: It has been found that in 88% of studies the levels of 

reactive oxygen species in cancer cells are increased by very low 

frequencies due to electromagnetic fields. In the new study, given 

the various effects observed, particularly the dependence of 

apoptosis on cancer cells on the frequency applied, the effect of 

these fields on ROS levels can be important.

Mitochondria as the main site of production 

of superoxide especially complex III

Throughout recent decades 88% of studies show extremely low 

frequency electro magnetic field could increase levels of reactive 

oxygen species which it is known as ROS. These changes have 

effect in many physiological functions such as DNA damage, 

apoptosis level and other conditions. On the other hand we can 

use ELF_EMF as a selective method for cancer therapy via 

increase levels of super oxide , hydroxyl free radical. During 

electron transport from NADH and FADH2 to O2, protons from 

the mitochondrial matrix are pumped across the inner membrane. 

Experiments have shown that four protons are translocated 

across the inner mitochondrial membrane per electron pair 

transported from CoQH2 through complex III. 

The Q cycle as a possible site for effect of 

ELF_EMF 

In several observations, the influence of the magnetic field on 

biological systems has been observed.

In above we have reactions that occur in the complex III:  
Figure 2: The Q cycle in the complex III

ELF-EMF can increase level of reactive 

oxygen species via singlet triplet transition
In radical pair mechanism external magnetic field can mitigate 

energy gap between parallel and anti parallel spin pairs in triplet 

state. 

The Q cycle of complex III uses the net oxidation of one CoQH2 

molecule to transfer four protons into the intermembrane space 

and two electrons to two cytochrome c molecules. The cycle 

begins when a molecule from the combined pool of reduced 

CoQH2 in the inner mitochondrial membrane binds to the Qo site 

on the intermembrane space. In turn, this process maximizes the 

number of ATP molecules synthesized from each electron that 

moves down the electron transport chain from NADH or FADH2 

to O2.

Conclusion
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We have singlet triplet electron pair in Q 

cycle so this site is susceptible for effect  

of ELF_EMF via Zeeman interaction

Figure 5: Cell wide membrane potential of mitochondria oscillations due to fast

waves of IMAC-mediated ROS induce ROS release

Extremely low frequency electro magnetic 

field has effect on reactive oxygen species 

level

Various effects had been observed, particularly 

the dependence of apoptosis level of cancer 

cells on the frequency and amplitude  of the 

applied field

Due to innate high level of reactive oxygen species of cancer 

cells lead to spontaneous oscillation of superoxide or hydrogen 

peroxide. If frequency of applied field is akin to innate oscillation 

of cancer cell, so we have resonance effect in this type of cells. 

A Reaction-Diffusion Model for Mitochondrial 

Network of Cardiac Myocytes can lead to 

mechanistic insights

Figure 4:singlet triplet state transition between FeS and 

SQ 

Figure 1: Electron Transfer Chain(ETC)

Figure 3: Gap energy augmented via magnetic field

Applying ELF Can Synchronize Whole 

Mitochondrial Network ROS Oscillation

A Metastable radical state explain superoxide production is tiny 

in respiration:

The radical pair mechanism seems to be much more efficient to 

explain the effects of these fields.


