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Fig. 1. Diamagnetism anisotropy in biological structures:
(a) Planar peptide bonds present in a-helix give it large
diamagnetic anisotropy; (b) and (c) show the magnetic vec-
tor generated by the helical structures; (d) in microtubules,
the parallel alignment of the peptide bonds with the a-helix
axis and their assembly internally to the circular structure
increase the magnitude of the magnetic anisotropy as a
summation of each secondary magnetic fields B’ (Figure
is reprinted from Ref.[9]. Copyright©2016 Published by
Elsevier Ltd).
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Fig. 2. A schematic illustration of the possible applications of high gradient magnetic fields(HGMFs) and intracellular

effectors (Figure is reprinted from Ref. [10]. Copyright@2016, the Authors).
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Fig. 3. Red blood cells were aligned by an 8 T SMF (static magnetic field): (a) Red blood cells in an 8 T SMF,
the field direction was perpendicular to the paper; (b) red blood cells in control condition, with no SMF (Figure is

reprinted from Ref. [18], which was drawn based on results from Ref. [17]).
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Table 1. SMF-induced cell orientation in different stud-
ies: blue color indicates that SMF induces cells to align
along the field direction; orange color indicates that SMF
induces cells to align perpendicular to the field direction.

Grey color indicates that SMF does not affect cell orien-

tation.
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Fig. 4. Human nasopharyngeal cancer CNE-2Z and colon cancer HCT116 cell proliferation could be inhibited by

SMFs (Figure is reprinted from Ref. [13]. Open access).
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Fig. 5. Changes of the third cleavage parallelling to the egg axis with the increasing intensity of SMF. Top (a), (c), (e),

(g), (i) and side (b), (d), (f), (h), (j) views of eight-cell embryos in SMF from the egg axis direction, showing the change of

third cleavage orientation. (k) the average number of horizontal third cleavages per embryo as a function of field strength
(Figure is reprinted from Ref. [43]. Copyright©1998, National Academy of Sciences, USA).
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Fig. 6. Angle between the microtubule arrangement and
the magnetic field orientation under different field strengths.
(Figure is reprinted from Ref. [41]. Copyright©1998 The Bio-
physical Society. Published by Elsevier Inc).
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Fig. 7. Magnetic susceptibility of iron in malaria-infected red blood cells (RBCs): (a) Percentage of cellular

iron converted to haemozoin vs. mature parasite density; (b) scatter plot of the molar magnetic susceptibility

of iron in standard samples of oxyhaemoglobin (Oxy-4), haematin (h—4), methaemoglobin (Met—M), and

for magnetic (Mag—e) and non-magnetic (Non-mag-A) fractions of malaria-infected red cell cultures (Figure
is reprinted from Ref. [64]. Open access. Copyright©2008 Elsevier B. V).
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Abstract

With the development of technology and the widespread use of high static magnetic fields (SMFs) in medical
diagnosis, such as MRI (magnetic resonance imaging) in hospitals, patients have more and more chances to encounter
high SMFs (higher than 1 T), which invokes increasing public concerns about human health. However, due to the
experimental limitations, there are very few studies of high SMFs (above 1 T) on animals and human bodies. In contrast,
cell, as a basic unit of various organisms, is the primary research target for most researches of the biological effects under
the action of magnetic fields. However, due to the differences in magnetic field parameter, exposure condition and cell
type, there are diverse experimental outcomes reported by individual studies in the literature. Here in this review,
we summarize the results about the cellular effects under SMFs above 1 T, including changes of cell orientation, cell
proliferation, microtubule and mitotic spindle orientation, DNA and cell cycle. Moreover, we also compare and analyze
the factors that could cause these experimental variations, including the differential effects of high SMFs on cell type,
such as cancer and non-cancer cells, as well as magnetic field intensity-induced experimental variations. The most well
studied cellular effects are SMF-induced cell and polymer orientation changes, and the cellular composition is a key
factor that determines the exact orientation of a cell in an SMF. For example, the normal red blood cell is aligned
parallelly to the SMF direction, but the whole bull sperm is aligned perpendicularly to the SMF direction. Among the
magnetic field parameters, the magnetic field intensity is especially critical. The red blood cells can only be partially
aligned by 1 T SMF, but an 8 T SMF could align the red blood cells 100% along the magnetic direction. Overall, the
biological research of high SMFs above 1 T, especially above 10 T, is still at an initial stage. Biological experiments in
high SMFs above 20 T are especially lacking. This review could help provide some biological bases for future high SMF
investigations, which is important not only for the basic understanding of the biological effects of high SMFs, but also
for the applications of high SMFs in medicine, such as high field MRI.
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