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Abstract. There are a few publications in scientific journals suggesting that persons who are regularly exposed to
ELF-magnetic fields (occupational, but also residential exposures) may be at risk for contracting Alzheimer’s disease.
It should be noted that these reports are only pointing to a possible association but do not at present provide any
proof of association. We have performed a number of preliminary in vitro laboratory investigations to explore the
plausibility of such an association. Our investigations were based on similarities found in cells from Alzheimer
disease patients and in cells exposed to extreme low frequency magnetic fields. We especially investigated genetic
damage in C3A and SH-SY5Y cells exposed in vitro to 50 Hz magnetic fields (0-500 µT) using the cytome assay. We
found an increased frequency of large micronuclei (suggesting a possible aneugenic effect) and increased frequency
of nuclear buds (suggesting gene amplification). In this, our results may show some similarities with the observed
micronuclei in blood and buccal cells of Alzheimer disease patients. The effects were found in both cell lines and were
previously observed for exposure levels as low as 10 µT. This is however in contrast with earlier results obtained in
human lymphocytes where no induction of micronuclei was found using the same exposure unit. The results thus need
to be confirmed and further analyses need to be done.
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1. INTRODUCTION
Some reports have linked professional exposure
to ELF-magnetic fields (MFs) with an increased risk
of Alzheimer’s disease (AD) [1-8]. A Swiss study also
found a relationship between residential magnetic
field exposure from power lines and mortality from
such neurodegenerative conditions [9]. Other
studies followed but at present they are not
conclusive yet and further research is needed [10,11].
Our objectives were to search for experimental
evidence that may or may not support the alleged
association between ELF-magnetic field exposure
and AD.
For this purpose we previously conducted a
literature review [11] which revealed a number of
similarities but also dissimilarities between AD and
ELF exposed cells or organisms (Table 1). We in
particular focused on the genetic effects where it was
shown that:
-Alzheimer’s disease is characterized by a
number of genetic events which may result in
aneuploidy of particularly chromosomes 17 and 21.
-ELF-MF’s may possibly directly or indirectly
(e.g., as a co-mutagen) induce genetic events as
those found in Alzheimer’s disease and therefore be
responsible for an increased risk of this disease.
The latter is rather speculative. Given the level of
energy involved, a direct alteration of the ELF-

magnetic fields with genomic structures is difficult
to consider. Therefore, there is a general consensus
that ELF-MF’s, especially at normal (moderate)
exposure levels are not directly mutagenic [19,20].
Some papers yet suggest that ELF-MF’s may make
naturally-occurring free radicals available to interact
with DNA, and that electric fields within tissues can
possibly disrupt cellular processes and cause DNA
damage in an indirect way. It is theoretically also
possible that these fields can influence the incidence
of aneuploidy synergistically. Effects were for
example found when ELF’s were used as cofactors
that modify cellular responses to other agents, e.g.
static fields [21], benzopyrene [22], benzene [23],
vinblastine [24,25], and X-rays [25]. According to
these studies ELF-magnetic fields are thus able to
enhance, but not to start a mutagenic (DNA
damaging) effect. The latter three examples are on
increased aneuploidy and therefore of particular
interest for the present research. It seems obvious
that ELF and aneuploidy should be further
investigated so as to see whether AD-related
aneuploidies/trisomies are also induced by
electromagnetic fields. At least according to some of
the above mentioned papers EMF exposure may be
able to promote the occurrence of aneuploidy caused
by an aneugen via a mechanism involving the
neuroendocrine system.
That the physiological state of the cells and cell
type may be important in the occurrence or absence
of ELF-effects was illustrated by Cadossi et al. [26]
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and Scarfi et al. [27]. It was shown that cells from
aged donors and leukemic patients do respond
contrary to ‘other’ cells [26] and that DNA damage
was found in cells from Turner syndrome patients
but not in healthy individuals [27].
DNA damage was also found in vivo in rat brain
cells by Lai and Singh [28,29], Svendenstål et al.
[30,31] and Verschaeve and Maes (unpublished)
showing that brain cells can be a possible target for
genetic changes. Yokus et al. [32] found increased
oxidative DNA damage in the plasma of rats and
Udroiu et al. [33] increased aneuploidy in liver and
blood cells of mice exposed to 50 Hz electromagnetic
fields.
Table 1. Some comparisons between observations in
Alzheimer’s disease patients and ELF-magnetic field
exposed cells or organisms

Alzheimer’s disease
Amyloid-β ↑
Melatonin ↓
acetylcholine deficit in
brain tissues
DNA damage ↑
Micronuclei ↑
Aneuploïdy, trisomy ↑
Gene amplification ↑

ELF-magnetic field
exposures
↑ [12, 13]
? [14]
? but rather the opposite
according to some
studies [15-17]
Possibly co-mutagenic (also
with respect to aneuploïdy)
[18,19]

These results show that ELF magnetic fields
may, possibly in conjunction with (an)other
agent(s), be associated with particular chromosome
instabilities. Maybe they have the same nature as
those found in cells of Alzheimer disease patients.
Hence it is worthwhile being further investigated.
We have performed a number of in vitro
genotoxicity tests aimed at investigating whether
ELF-MF’s do have co-mutagenic properties and may
induce effects as seen in AD patients, i.e. aneuploidy
(cell division disturbances) and gene amplification.
It should yet be realized that such effects do not
prove the relationship between ELF-MF exposure
and the disease. They only show that there are some
similarities that merit further attention.

2. INVESTIGATIONS OF POTENTIAL DIRECT AND
INDIRECT GENETIC EFFECTS IN CELLS EXPOSED TO
ELF-MF’S

remained unchanged during the entire exposure
time (37°C ±0.5).
2.2. Co-mutagenic effect of ELF-MF’s
We previously reported on a co-exposure
investigation using the bacterial Vitotox test [35].
This test uses two strains of engineered (TA104)
Salmonella typhimurium bacteria. It is based on
SOS-induction and light emission following DNA
damage [36]. Bacteria were exposed for 1 and 2 h to
magnetic fields of 100 and 500 µT in conjunction
with the chemicals resorcinol, bleomycin, 4nitroquinoline-oxide (-S9) and benzo[α]pyrene
(+S9). We did not find any indication of an ELFMF’s induced co-mutagenic effect.
2.3. Genotoxic effect of ELF-MF’s investigated
by the cytome assay
We also used the cytome assay in C3A (liver) and
SH-SY5Y (neural) cells. In this assay we particularly
paid attention to the presence of micronuclei
(indicating structural or numerical chromosome
aberrations), nuclear buds (gene amplification) and
nucleoplasmic bridges (dicentric chromosomes).
The Kastenbaum & Bowman tables [37] were used
for determining statistically significant deviations in
aberration frequencies from exposed cells compared
to (unexposed) control cells. This binomial test was
found adequate for the purpose of this investigation.
We found an increased frequency of especially large
micronuclei (suggesting aneuploidy) and nuclear
buds (gene amplification) in both cell lines which
were statistically significant at all investigated field
strengths (p<0.05 at 10 µT and p<0.001 at ≥ 50 µT).
Figure 1 gives an example for micronuclei in C3A
cells.

Figure 1. Micronucleus frequencies in C3A cells following a
24h exposure to ELF-MF’s (10-500 µT)

2.1. Exposure unit
Cells were exposed to the MF’s in a cylindrical
exposure unit (380-turn coil, 42 cm long, 20 cm
inner diameter). A detailed description of this
exposure unit is given in Maes et al. [34]. Control
measurements have revealed that the field is not
perfectly sinusoidal and contains 50 Hz (100%) as
well as harmonics (10% at 250 and 350 Hz and 5%
at 550 and 650 Hz). The temperature within the coil

3. DISCUSSION
We did not find any co-mutagenic effect with the
Vitotox test. This is somewhat in contradiction with
some of the earlier reported data. It should however
be realized that the Vitotox test is an indicator test
which correlates well with the Ames assay (a
bacterial gene mutation test) and that previously
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reported effects concern other cells and endpoints.
In the Vitotox test the test organism is a bacterium
which lacks, amongst others, a spindle apparatus.
Therefore the Vitotox test is unable to evaluate
potential aneugenic properties and hence previous
studies reporting directly or indirectly ELF-MF’sinduced aneuploidy are different but not in
contradiction with the Vitotox data.
On the contrary, the cytome assay provided
findings that show similarities with observed
micronuclei in blood and buccal cells of Alzheimer
disease patients [38,39]. A replication study is not
completely terminated but as far as we can tell at
present the results appear to be largely identical. It
should be realized yet that ELF-MF’s-induced
micronuclei (possibly due to aneuploidy) were not
found in one of our earlier studies [24] as well as in
some other investigations [19]. An explanation may
be that cells that are not in optimal condition are
more susceptible to ELF-MF-induced genetic
alterations. This was already suggested above
[26,27]. Our previous investigation where ELF-MF’s
up to 800 µT did not increase the micronucleus
frequency was on normal and ‘healthy’ human
peripheral blood lymphocytes whereas the present
investigation was on cell lines derived from human
tumors which have an abnormal karyotype and
behavior.
So far this study does not prove anything but
indicates yet that further and more in depth
research on ELF-MF-induced cytogenetic damage
(especially aneuploidy) is justified. Such studies may
give more information on the possible relationship
between ELF-MF exposure and neurodegenerative
diseases.
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