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Biological Effects of Moderate Intensity Extremely
Low Frequency Rotating Magnetic Fields

Feng Shuang, Ji Xinmiao, Zhang Xin*
(High Magnetic Field Laboratory, Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China)

Abstract  With the advancement of science and technology, people are exposed to more and more magnetic
fields. Therefore, the effects of magnetic fields on human bodies have drawn increasing public attention. Although
the impacts of radio frequency and power frequency magnetic fields generated by cell phones and high-voltage
power lines on human bodies are still inconclusive, a large number of studies have found that medium intensity
static magnetic fields and extremely low frequency rotating magnetic fields are not harmful to human cells, and

might even have some beneficial effects on human bodies. This review briefly summarizes the biological effects of
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static magnetic fields, and focuses on the biological effects of extremely low frequency of below 20 Hz, moderate

intensity rotating magnetic fields generated by permanent magnets, which are still in their infancy but have shown

some clinical potentials.
Keywords
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A: red blood cells were parallel to the magnetic field direction after exposure to 8 T static magnetic fields. Magnetic field direction was normal to the
paper, away from the reader. Image was adapted from reference [14]; B: schwann cells were parallel to the 8 T static magnetic field. Arrow shows the
magnetic field direction. Image was adapted from reference [15]; C: collagen fibers were perpendicular to the direction of 8 T static magnetic field.
Arrow shows the magnetic field direction. Image was adapted from reference [15]; D: 1.7 T static magnetic field can align bovine sperm perpendicularly
to the magnetic field in an intensity-dependent manner. Image was adapted from reference [17]; E: spindle orientation and cleavage plane of frog eggs
can be reoriented by high static magnetic field in an intensity-dependent manner. Image was adapted from reference [18]; F: liquid scanning tunneling
microscopy (L-STM) shows that the EGFR kinase domain protein can be aligned along the direction of static magnetic fields. Arrow shows the
magnetic field direction. image was adapted from reference [19]. Copyright permissions of the above pictures have been obtained.
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Fig.1 Static magnetic fields change orientation of multiple types of biological samples
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Sk A SR IR, TR A T RGRRE A IR R IR L RIE Tee 182k H 225 SCHR[50]; C: PAS30 S Bl K Wl Ak S P AT HE & i
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A: a rotating cylinder composed of two NdFeB permanent magnets, using a motor to rotate the magnet at a certain frequency. Image was adapted from
reference [41]; B: consisting of two pairs of fan-shaped NdFeB permanent magnets, the lower head is driven by an electric motor, while the upper
head is rotated synchronously by the coupling force of the lower magnetic head. Image was adapted from reference [50]; C: the rotating magnetic field
was derived from two anti-parallel stacks of 30 neodymium-iron-boron permanent magnets. Image was adapted from reference [52]; D: cylindrical
permanent magnet rotating around long axis. Image is adapted from reference [53]; E: the rotating magnetic field station used an NdFeB Halbach
array magnet, which produces a uniform 1 T magnetic field diametrically across the central air gap. The magnet was mounted on a motor to control its
rotation. Image was adapted from reference [54]; F: rotating magnetic field produced by electromagnetic field. The AC current supplied to each pair of
coils has an offset phase, which causes the magnetic field in the inner hole to rotate synchronously with the current frequency. Image was adapted from
reference [55]. Copyright permissions of the above images have been obtained.
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Fig.2 The diagrams of different types of rotating magnetic equipment
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ML SR, o AR A A, A 2 P M 2
SAREBETIEE®, 04 T. 620 HzlighitE K1 h
TS24 dR] DACKSE i R 41 40 0 22 B0 R AR 4L
AUROTHE. A0 R AR DL R I PR R A5 e 5, A T Uk
B ZHERERM. 0.4 T\ 7.5 Hzlighkit n]
DA 1) i 7 240 B o A 1) Ik S8 A 40 g 4 15 B 0
% & 2(peroxisome proliferators-activated receptor 2,
PPARY2)[¥)ZK ik, fiE#EMSCs(mesenchymal stem cells)
i c-JunZd i K Uit P (c-Jun N-terminal kinase, JNK)
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