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Effects of acute exposure to static magnetic field on ionic composition

of rat spinal cord
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Abstract. The purpose of this study is to evaluate the effect of static magnetic fields (SMF) on ionic
composition of rat spinal cord. Male Wistar rats were daily exposed to SMF of 128 mT, for 1 h/day
during five consecutive days. Spinal cord samples were extracted, weighed and mixed in bidstilled water
in order to be analyzed by inductively coupled plasma (ICP). Plasma ionic composition was also made.
Acute exposure to SMF increased significantly the calcium (+68%, p < 0.05) and iron (+35%, p < 0.05)
contents of rat spinal cord, whereas magnesium and copper levels remained unchanged. In plasma,
SMEF treatment failed to alter calcium concentration but decreased iron level (-17%, p < 0.05).
These data indicate that SMF acute exposure can induce alterations of ionic composition in the

rat spinal cord and the plasma electrolytes balance.
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Introduction

Numerous sources of static magnetic fields (SMF) exist
in nature, and in the occupational and residential envi-
ronments. The influence of SMF on biological systems
has been a topic of considerable interest for many years
because of the increase of strong SMF (>1T) generated
by superconducting magnets (Ichioka et al. 1998). One
reason why it is extremely important to deeply understand
the true mode of action of SMF on living organisms, is
the need to protect human health in consideration of the
probable future introduction of new technologies such as
magnetically levitated trains and the therapeutical use of
SME (e.g. magnetic resonance imaging (MRI) coupling of
magnetic field exposure with chemotherapy). In fact, the
ability of these fields to produce effects on living organisms
is still a matter of debate. Nevertheless, there is substantial
evidence indicating that SMF are capable of influencing
a number of biological systems, particularly those whose
function is closely linked to the properties of membrane
channels. Most of the reported SMF effects may be ex-
plained on the basis of alterations in membrane calcium ion
flux (Rosen 2003). Studies have found effects on calcium
signalling (Fanelli et al. 1999), apoptosis (Fanelli et al. 1999;
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Buemi et al. 2001), gene expression (Lin et al. 1994), cell
proliferation (Buemi et al. 2001), events involving gen-
eration of free radicals (Roy et al. 1995), and micronuclei
induction (Suzuki et al. 2001). SMF exposure disrupts the
mineral content in the frog sciatic nerve, especially cal-
cium and iron (Amara et al. 2004). Furthermore, Lai and
Singh (2004) showed that magnetic field exposure affects
iron homeostasis in certain cells, leading to an increase
in free iron in the cytoplasm and nucleus, which, in turn,
leads to an increase in hydroxyl radicals via the catalytic
activity of the Fenton reaction. Magnetic fields may disturb
the electrolyte balance in the human placenta (Lopucki
et al. 2004), change the liver and kidney concentration of
copper, manganese, cobalt, and iron (Duda et al. 1991).
Therefore, alteration of ionic composition in plasma or
tissue following magnetic field can lead to disastrous con-
sequences especially to the central nervous system (CNS).
It is well-known that the CNS is protected by the blood-
brain barrier, a blockade of cells separating the circulating
blood from elements of the CNS it acts as a filter, preventing
many substances from entering brain and spinal cord. In
fact, it has been reported that magnetic field exposure can
alter blood-brain barrier by increasing its permeability to
albumin (Finnie 2002), ions (Quock 1987) and increase
the risk of Alzheimer’s and Parkinson’s diseases (Li and
Sung 2003). Burchard et al. (1999) reported that exposure
to electric and magnetic fields (60 Hz, 10 kV/m, and 30
uT) resulted in decreased concentrations of magnesium,
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increased level of calcium and phosphor in blood plasma,
and decreased concentrations of iron and manganese in
cerebrospinal fluid. Very little is known concerning the
SMEF influence on concentration of some trace elements,
in the CNS subjected to SME

The aim of the present work is to experimentally inves-
tigate the effects of acute exposure to 128 mT SMF on the
ionic composition of rat plasma and spinal cord.

Materails and Methods

Animals and protocol

Animal care and experimental procedures were carried out in
accordance with the Tunisian Code of Practice for the Care
and Use of Animals for scientific purposes and the protocol
was approved by the Ethic Committee of the University of
7 November, Tunisia.

Twelve 6-7-week-old male Wistar rats weighting
200-250 g at the time of experiments were housed (3/cage)
in a temperature-controlled room at 25°C with a relative
humidity of 80% and a 12 : 12 h light-dark cycle (light on
at 8 a.m.). Water and food were available ad libitum. Rats
were randomly divided in two groups: rats exposed to 128
mT SMF (n = 6, SMF) for 1 h/day during five consecutive

days and sham control rats (n = 6, sham control) placed in
the electromagnet without exposure to SME.

Exposure system

We used an electromagnet (Model EM4-HVA, Lake Shore
Cryotronic. Inc., Westerville, OH, USA) and a magnet
power supply (Model 647, Lake Shore Cryotronic. Inc.)
with an air gap of 11 cm (Figure 1). This apparatus in-
corporates water-cooled coils and precision yokes that
assure precise cap alignment and excellent field stability
and uniformity when high power is required to achieve
the maximum field capability for the electromagnet. SMF
intensity was measured and standardized over the total
floor area of the Plexiglas cage at 128 mT. SMF uniformity
in the active exposure volume was +0.2% over 1 cm®. The
cage measured 20 x 10 x 20 cm. The two bobbins of the
Lake Shore electromagnet were separated by a 12.1 cm.
Exposed and sham control rats (n = 2 /each time) were
placed in the cage at the center of the uniform field area
and exposed, or not, to 128 mT SME.

The SMF of exactly 128 mT was choosen according to
previous data obtained in our laboratory, which revealed
that 128 mT was the minimal intensity which can induce
disruption of body temperature. Thus, we used this intensity
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Figure 1. Electromagnet (Model EM4-HVA) dimensions (front view, A) and magnetic field propagation (B). B, magnetic induction.
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for all our research in order to explain the physiological
dysfunction (Abdelmelek et al. 2000, 2001).

Blood chemistry

At the end of the fifth day of exposure, exposed and sham
exposed rats were sacrificed by decapitation, just behind
the ears to avoid touching the cervical part of the spinal
cord. Blood was immediately collected and centrifuged and
plasma aliquots were frozen and stored at -80°C until use.
Plasma iron was measured by using colorimetric methods
according to manufacturer instructions (Biomaghreb, Réf.
20061). Plasmatic calcium was determinated by o-cresol-
phtaleine (Reactif Kit Modular P, Roche, Belgium).

Tissue sampling

Immediately after decapitation, animal was placed out
ventral side. A midline incision that allows to exposure the

A

vertebral column after emptying the lumbar and thoracic
cavities was made, as shown in Figure 2. The entire vertebral
column was carefully removed, after identification of the
first cervical vertebra, count 8 cervical, 13 thoracic and 6
lumbar segments. Conventionally, the part of the column
between cervical 1 and lumbar 2, which correspond to the
spinal cord, was isolated.

Chemical assays

Spinal cord samples of treated and control rats were extracted,
weighed and mixed in bidistelled water. Minerals were assayed
simultaneously by inductively coupled plasma (ICP), an analyti-
cal technique used for the detection of trace metals in environ-
mental samples. An ICP is a high temperature (6000-10000 K)
excitation source that efficiently desolvates, vaporizes, excites,
and ionises atoms. Molecular interferences are reduced with this
excitation source. An ICP requires that the element, which is
to be analysed, must be present in solution. The homogeneous

Figure 2. Description of the rat spinal cord dissection. A. The midline incision. B. Vertebral column. C. Section of vertebral column from
cervical vertebra 1 (C1) to lumbar vertebra 2 (L 2). D. Isolated rat spinal cord.
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Figure 3. Effect of acute exposure to static magnetic field on
plasmatic iron content. Values are means + SEM calculated
from n = 6 in each group. C, sham control; SMF, exposed rats;
*p <0.05vs. C.

solutions were transformed by spraying in aerosol ionized with
gasified argon plasma in high temperature. An ionic detector
record ionic transmission permits the measurement of ions and
calculates directly after logical treatment the concentration of
analyzed elements: spinal content of calcium, iron, magnesium
and copper. The protocol used in this investigation was previ-
ously used in our laboratory by Amara and co-workers (Amara
etal. 2004).

Data presentation and statistical analysis

Data were reported as the mean + SEM. Differences between
means were evaluated by one-way analysis of variance
(ANOVA). Statistical significance of the differences between
means was assessed by Student’s ¢-test. The level of signifi-
cance was set at p < 0.05.

Results

Body weight and relative spinal cord weight
SMF exposure failed to alter body weight of exposed rats
compared to sham ones (235.8 £ 5.2 g vs. 238.0+4.9¢g,p >

Table 1. Effect of acute SMF exposure on rat body weight and rela-
tive spinal cord weight

Sham control SMF
Body weight (g) 238.0 £ 4.9 235852
Relative spinal cord weight ~ 0.231 £ 0.003 0.227 +0.021
(g/ 100 g)

Values are means + SEM calculated from 7 = 6 in each group. SMF,
exposed rats; p > 0.05 SMF vs. C.
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Figure 4. Effect of acute exposure to static magnetic field on plas-
matic calcium content. Values are means + SEM calculated from
n = 6 in each group. C, sham control; SMF, exposed rats; p > 0.05
ys. C.

0.05). As shown in Table 1, relative spinal cord weight was
unaffected following SMF exposure (0.227 +0.021 vs. 0.231 +
0.003 g/100 g, p > 0.05).

Plasma iron and calcium contents

Iron content was strongly reduced in plasma of SMF ex-
posed rats compared to sham rats (43.07 £ 0.91 vs. 51.4 +
3.4 umol/l, p < 0.05) (Figure 3) whereas plasmatic calcium
content was unaffected (2.32 +0.13 vs. 2.161 + 0.050 nmol/l,
p > 0.05) (Figure 4).

ITonic composition of spinal cord

As shown in Figure 5, acute exposure to SMF (128 mT) dur-
ing 1 hour/day for five consecutive days increased the cal-
cium (3.39 £ 0.84 vs. 2.09 £ 0.69 ng/mg of tissue, p < 0.05)
and iron (3.69 + 0.53 vs. 2.73 £ 0.21 ng/mg of tissue,
P < 0.05) contents in rat spinal cord, whereas magnesium
(0.260 + 0.033 vs. 0.153 + 0.031 ng/mg of tissue, p > 0.05)
and copper content (4.83 + 0.53 vs. 4.47 + 0.72 ng/mg of
tissue, p > 0.05) remained unchanged (Figures 6 and 7).

Discussion

Major elements and trace elements play an important
role in human health. Deficiency and excess (toxicity)
of these, resulting from exposure to both the natural and
man-made environment, can lead to a wide variety of
clinical effects (Brown et al. 2004). The monitoring of
trace elements status via tissue sampling has important
implications for the identification and correction of
such effects. In our investigation, acute exposure to SMF
induced a decrease iron concentration and failed to alter
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Figure 5. Effect of acute exposure to static magnetic field on iron
and calcium contents on rat spinal cord. Values are means + SEM
calculated from n = 6 in each group. C, sham control; SMEF, exposed
rats; * p < 0.05 vs. C.

calcium level in plasma. However, in spinal cord, the
same treatment provided the increase of iron and calcium
amounts with no change in magnesium and copper levels.
Calcium homoeostasis that results from the interactions
of three processes (bone resorption, tubular reabsorption
and intestinal absorption) was rapidly reached (Bronner
1973; Parfitt 2003). Therefore, we cannot conclude on the
effect of SMF exposure on plasma calcium concentration.
The effects of fields on biological systems have yielded
compelling data for the involvement of the calcium sig-
nalling pathway as the primary target of magnetic fields
(Gartzke and Lange, 2002). Recently, Belton et al. (2009)
showed that the application of 1, 10, or 100 mT SMF dur-
ing 800 seconds did not affect the cytosolic free calcium
response to ATP in HL-60 cells. Blackman et al. (1985)
following the line of research started by Bawin and Adey
(1976) found that, in vitro, certain combinations of low
frequency and SMF enhance the efflux of calcium ions
in chick brain. In the present work, we show that acute
exposure to 128 mT SMF (1 h/day for 5 days) decreased
the plasmatic iron level. This result is consistent with
previous observations indicating a decrease in blood iron
in workers exposed to electromagnetic field (40 uT, 10
years) (Nourmohammadi et al. 2001). In the same way,
Hachulla (2000) reported that iron decreased in plasma of
riverside high line tension. However, in frog sciatic nerve,
SMF exposure (67 mT, 1 h/day for 3 consecutive days)
increased the calcium and iron contents, while magnesium
and copper levels remained constant (Amara et al. 2004).
The concentration of copper, manganese, cobalt, and iron
in the liver and kidneys of fertilized and not-fertilized
rats exposed to static and low-frequency magnetic fields
has been analysed. No change in concentration of the
above-mentioned metals has been observed in pregnant
rats after exposure to static field. However, significant

changes have been noticed in fertilized animal exposed
2 hours daily to low-frequency magnetic fields (Duda et
al. 1991). In our investigation, reduction of plasma iron
could be caused either by decrease iron intestinal absorp-
tion or by the leak of iron to other compartments. Indeed,
Abdelmelek et al. (2006) demonstrated that SMF induced
sympathetic hyperactivity in rats that could influence
negatively the intestinal peristaltic activity implicated in
the assimilation of divalent elements such as iron. The
decrease in plasma iron also may result from the leak of
iron to other compartments. In accord with this hypoth-
esis, exposure to SMF increased both iron and calcium
level in rat spinal cord. This elevation could be due to
the increase of blood-brain barrier permeability (Quock
1987; Finnie 2002). Exposure of rats to a standard clinical
MRI procedure temporarily increased the blood-brain
barrier permeability to horseradish peroxidase (Prato
et al. 1990) and to Evans Blue labeled proteins (Salford
et al. 1994). A change of the blood-brain barrier perme-
ability may allow passing in the nerve cells substances
such the albumin, ions, chemical substances (Frey 1984;
Quock 1987), viruses (Lange and Sedmak 1991), metals
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Figure 6. Effect of acute exposure to static magnetic field on
magnesium content on rat spinal cord. Values are means + SEM
calculated from # = 6 in each group. C, sham control; SME exposed
rats; p > 0.05 vs. C.
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Figure 7. Effect of acute exposure to static magnetic field on copper
content on rat spinal cord. Values are means + SEM calculated from n =
6 in each group. C, sham control; SME exposed rats; p > 0.05 vs. C.



SMEF exposure and ionic composition

293

and divalent elements (Amara et al. 2004). These changes
can lead to functional alterations in the nervous system
and the behaviour of animals after SMF exposure, which
consequently can increase the risk of Alzheimer’s and
Parkinson’s diseases (Li and Sung 2003).

This study provides evidence that acute SMF exposure
may induce important deregulations of ionic composition
in CNS that might favor the development of neurodegenera-
tive diseases.
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