
Effect of 0.2 T static magnetic ®eld on human neurons: remodeling
and inhibition of signal transduction without genome instability

Stefania Pacinia, Gabriella Barbara Vannellia, Tullio Barnia, Marco Ruggierob,*,
Iacopo Sardic, Paolo Pacinia, Massimo Gulisanoa

aDepartment of Human Anatomy and Histology, University of Firenze at the Careggi General Hospital, Viale Morgagni, I±50134 Firenze,
Italy

bDepartment of Experimental Pathology and Oncology, University of Firenze at the Careggi General Hospital, Viale Morgagni, I±50134
Firenze, Italy

cMedical Genetics Unit, University of Firenze at the Careggi General Hospital, Viale Morgagni, I±50134 Firenze, Italy

Received 20 January 1999; received in revised form 1 April 1999; accepted 15 April 1999

Abstract

We describe the effect of the static magnetic ®eld generated by a 0.2 T magnetic resonance tomograph on a normal
human neuronal cell culture (FNC-B4). After 15 min exposure cells showed dramatic changes of morphology: they
formed vortexes of cells and exposed branched neurites featuring synaptic buttons. At the same time, thymidine
incorporation and inositol lipid signaling were signi®cantly reduced. Control (sham exposed) or non-neuronal cells
(mouse leukemia, and human breast carcinoma cells) did not show any alteration following exposure. Endothelin-1
release from FNC-B4 cells was also dramatically reduced after 5 min exposure. However, PCR analysis of 12 DNA
microsatellites selected as gauges of genome instability, did not reveal any alteration following exposure, thus ruling
out a direct effect of the magnetic ®eld on DNA stability. These data can be interpreted as a speci®c effect of the static
magnetic ®eld on human neuronal cells and are consistent with the induction of remodeling and differentiation; they
demonstrate that ®elds below 0.5 T have signi®cant biological effects on human neurons. q 1999 Elsevier Science Ireland
Ltd. All rights reserved.
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Few environmental health issues are as contentious as the

question of whether exposure to electromagnetic ®elds

increases disease risk. Since Wertheimer and Leeper

reported in 1979 that children living near power distribution

lines have as high as twice or three times the incidence of

cancer, the correlation of human disease to electromagnetic

®elds has been a subject of repeated argument [13]. Expo-

sure to high intensity magnetic ®elds is currently on the rise

because of the widespread use of magnetic resonance (MR)

tomographs for diagnostic purposes. However, according to

recommendations from EU introduced into the national

legislation (in this case, Italian law), static magnetic ®elds

below 0.5 T are considered quite safe for humans and no

authorization is required for installation and use of MR

tomographs with ®elds below 0.5 T [8]. As a consequence,

general practitioners and radiologists recommend the use of

sectorial MR tomography as a safe alternative to imaging

procedures using ionizing radiations (i.e. computerized

tomography and traditional radiography), especially so in

children and young sportsmen with minor injuries. In

animals, magnetic ®elds in the 10±20 mT range deeply

affect development and function of neurons [4,10];

however, the biological effects of magnetic ®elds of such

intensity on human neuronal cells have not been studied so

far.

In this study we describe the effect of the static magnetic

®eld generated by a 0.2 T MR tomograph on a human

neuronal cell line derived from olfactory epithelium

(FNC-B4). These cells are progenitors from neuroblastic

stem cell compartment: they can grow and differentiate

toward different phenotypes throughout life and thus they

represent an unique experimental model to study human

neuronal cell remodeling and signaling [15]. As a control

of non-neuronal cells, we used human breast carcinoma

cells (MCF-7) and murine leukemia cells (WEHI-3)

[6,11]. These controls were performed in order to evidenti-
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ate differences between neuronal and non-neuronal cells and

to rule out experimental artifacts. Cultures were exposed for

different time periods (5±120 min) to 0.2 T static magnetic

®eld generated by a sectorial MR tomograph used in clinical

practice (Esaote, Italy). This tomograph uses an ultra-

compact permanent magnet generating a homogeneous

magnetic ®eld of 0.2 T intensity that allows formation of

diagnostic images. The magnetic unit is quite small (height,

121 cm; height of the transverse plane passing through the

center of the magnetic ®eld, 65 cm). The cultures were put

in the isocenter of the MR equipment: six well plastic plates

for tissue culture (Greiner, Frickenhause, Germany) were

put on a plastic support (i.e. a polystyrene tube holder)

located in the geometric center of the gantry. Control

(sham exposed) cultures received the same treatment (i.e.

permanence outside the CO2 incubator) and were put in a

nearby room with identical temperature (268C) and humid-

ity conditions (60%). Cell morphology was examined by

scanning electron microscopy immediately after exposure.

Immunophenotypic markers such as vimentin and neuro®-

laments were detected by immuno¯uorescence as described

[5]. Cell proliferation was assessed as [3H]thymidine incor-

poration as described [15]. Mitogenic signal transduction

was evaluated as inositol phosphate and diacylglycerol

formation in [3H]inositol and [3H]glycerol labeled cultures

as previously described [12]. Statistical analysis of data

about second messenger formation was performed accord-

ing to Student's t-test (unpaired t-test). Since FNC-B4 cells

produce and release Endothelin-1, the release of Endothelin-

1 after exposure to static magnetic ®eld was also evaluated

by radioimmunoassay as previously described [7]. Genome

instability was evaluated by studying tandem repeat DNA

sequences known as microsatellites using PCR ampli®ca-

tion of these repeats as previously described [1].

Normal human neuronal cells exposed to 0.2 T magnetic

®eld dramatically changed their morphology after exposure.
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Fig. 1. Effect of 0.2 T magnetic ®eld on human neuronal cell morphology. Immunostaining of the FNC-B4 cell line by antibodies directed
to neuro®laments. (b±d) Show cells exposed to magnetic ®eld for different time ((b) 60 min; (c,d) for 120 min). (a,e) Shows control FNC-
B4 cells (sham exposed). (a±c) 80£; (d,e) 150£.



Fig. 1b,c shows that cells became elongated and formed

vortexes of cells, whereas control (sham exposed, Fig.

1a,e) cells remained tile-shaped and randomly settled. At

the same time, exposed cells showed branched neurites

featuring synaptic buttons (Fig. 1d). Exposition of branched

neurites and increase of synaptic connections are considered

as hallmarks of neuronal plasticity and differentiation [3].

Induction of differentiated phenotype often correlates

with decrease of cell proliferation. Consistently, we

observed a signi®cant decrease of [3H]thymidine incorpora-

tion in human neuronal cells exposed to 0.2 T magnetic ®eld

(Fig. 2). Inhibition of cell proliferation was evident after 15

min exposure and increased with the passing of time of

exposure. These results are consistent with the observation

that 20 mT magnetic ®eld induce time-dependent develop-

mental effects on the process of differentiation of the chick

cerebellar cortex [4].

FNC-B4 cell culture is a cloned neuroblast long-term cell

line from olfactory epithelium of 8±12 week-old human

fetuses showing both olfactory and neuroendocrine proper-

ties; these cells modify their basal production and release of

Endothelin-1 following appropriate stimuli [15]. Thus, we

measured the release of Endothelin-1 after magnetic ®eld

exposure for different periods of time. Endothelin-1 release

showed a biphasic response: a sharp reduction after 5 min

exposure, followed by a moderate increase peaking at 120

min exposure (Fig. 2). These results demonstrate that even a

brief exposure to 0.2 T magnetic ®eld signi®cantly affects

the neuroendocrine features of human neurons.

It was recently demonstrated that the electromagnetic

®eld induces rapid changes in lipid second messengers [2]

with a shift in some molecular species patterns of diacylgly-

cerol and phosphatidate which could be correlated with

phosphatidylinositol decrease. Thus, we studied the effect

of the magnetic ®eld on the formation of inositol phosphates

and diacylglycerol in human neuronal cells. Cells exposed

for 15 min to 0.2 T magnetic ®eld show decreased formation

of both second messengers (Table 1); thus, reduction of

inositol phosphates and diacylglycerol could be interpreted

as inhibition of transmembrane signaling which could be

related with the observed decrease of DNA synthesis and

of Endothelin-1 release. It is worth noting that non-neuronal

cells did not show any change in thymidine incorporation or

second messenger production following magnetic ®eld

exposure (data not shown), thus ruling out possible general-

ized artifacts due to cell manipulation.

The mechanisms by which an electromagnetic ®eld in¯u-

ences biological material are poorly understood. One poten-

tially important model suggests that the magnetic ®eld

affects mutagenesis causing genome instability [14]. Thus,

we tested DNA from control and exposed neurons with a

panel of 12 microsatellite markers with the aim of studying

loci from different parts of the genome representing regions

of potential interest in genomic mutation analysis [1]. Loci

on chromosome 2p16 (D2S123), 3q21±24 (D3S47), 4q12

(BAT25), 9p21 (IFN-a , D9S156, D9S171), 13q (RB1),

16q22.1 (D16S260), 17p12 (TP53, D17S250, D17S261),

and 21q21 (D21S1245) were selected for molecular analy-

sis. However, careful study of DNA bands, detected by

silver staining and quanti®ed by densitometric analysis,

failed to evidentiate any difference between control and
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Fig. 2. [3H]Thymidine incorporation and Endotelin-1 production
in human neuronal cells exposed to 0.2 T magnetic ®eld. FNC-B4
human neuronal cells, were exposed to 0.2 T magnetic ®eld
inside a MR tomograph for different time periods (5±120 min)
as indicated in the X-axis. After that, cells were pulse-labeled
with [3H]thymidine as described [15], and 3H-radioactivity was
subsequently measured by liquid scintillation counting. Results
are expressed as cpm of incorporated [3H]thymidine (left Y-axis,
solid line, black dots) and are means ^ SEM of three determina-
tions, each performed in triplicate samples. In separate experi-
ments, Endothelin-1 release was determined by
radioimmunoassay as previously described [7]; results are
expressed as mg/ml (right Y-axis, open triangles) and are
means ^ SEM of three determinations, each performed in dupli-
cate samples.

Table 1
[3H]diacyglycerol and [3H]inositol phosphate formation after
magnetic ®eld exposure in FNC-B4 human neuronal cellsa

[3H]diacylglcyerol [3H]inositol
phosphates

Control (sham exposed) 365 ^ 27 7692 ^ 381
0.2 T magnetic ®eld 137 ^ 12* 5384 ^ 212**

a FNC-B4 human neuronal cells were prelabeled to equilibrium
with tritiated glycerol and inositol, respectively. Then they were
exposed for 15 min to 0.2 T magnetic ®eld inside a MR tomo-
graph. After that, the reaction was stopped and diacylglycerol
and inositol phosphates extracted and separated as described
[12]. Results are expressed as cpm of [3H]radioactivity asso-
ciated with each compound and are means ^ SEM of triplicate
samples from one experiment representative of two others that
gave qualitatively identical results. Statistical analysis was
performed according to Student's t-test (unpaired t-test). *t:
7.72 with 4 degrees of freedom; two-tailed P-value: 0.0015. **t:
5.29 with 4 degrees of freedom; two-tailed P-value: 0.0061.



exposed cells. Absence of microsatellite pattern alterations

was completely reproducible in independent replicate

assays. These results seem to indicate that the magnetic

®eld did not alter the sequence of any of the microsatellites

analyzed in this study. This observation is consistent with

previous studies on Escherichia coli that failed to evidence

any DNA damage after exposure to 0.5±3.0 T magnetic ®eld

[9].

In conclusion, our results demonstrate that magnetic

®elds below 0.5 T have indeed signi®cant biological effects

on human neuronal cells, even during the short time frame

of MR examination. Inhibition of cell proliferation,

measured as decrease of thymidine incorporation, could

re¯ect either cell damage, apoptosis and/or necrosis, or

the acceleration of physiological processes such as differ-

entiation and senescence. The results from electron micro-

scopy observation and from Endothelin-1 measurement

seem to indicate that exposure to 0.2 T magnetic ®eld is

more involved with differentiation and senescence rather

than with apoptosis and necrosis. Furthermore, the observed

changes in second messenger formation could alter cell

response to environmental stimuli with still unknown conse-

quences. Taken together, these observations suggest that

more studies are required before declaring magnetic ®elds

of such intensity completely safe for humans.
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