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Abstract: The aim of this experiment was to replicate
previous results showing an increased lipid peroxidation in
the kidney after exposure to magnetic fields. The results
failed to confirm the first observations, even with 500trT

colorimetric reaction leading to a final end product with an
absorbance peak at 586 nm (Method LPO-586, BioxytechOxys lab., F-94385 BONNEUIL). Units are nanomoles of
MDA/mg tissue proteins. Tissue samples were submitted to

instead of I00pT in thefirst experiment.

bacterial culture, and counting bacterial colonies.
Histological examination was performed with a standard

INTRODUCTION

survey of different areas of the kidney tissue [a) glomerulus, b) cortex, c) proximal and distal tubules, d) interstitium,
vessels, juxta-glomerular apparatus, e) pelvis].

Free radicals, especially reactive oxygen metabolites,

are considered as possible candidates in mediating the
action of magnetic fields (MF) on living tissues. In a
previous study we have seen that exposure

pT 50 Hz magnetic fields failed to produce a significant
action on markers of the activation of oxygen radicals
systems in blood, liver, and brain. But an increase of lipid
peroxidation of kidney was obvious, with suggestion of
possible relationships with the field strength and the
exposure duration. The aim of the present study was to look
more accurately to this effect to confirm it, or to discard the
eventuality of artifacts induced by occult infections or
resulting from the ageing of animals.

ANIMALS AND METHODS
Sprague Dawley males rats were randomly alloted in the

experimental groups and housed in plastic cages setted
between Helmholtz coils. They were exposed 18 hours/day
to 50Hz sine-wave magnetic fields. Two field levels were
produced: 10 and 500 pT (this value was increased with
regard to the previous study, with the purpose to obtain a
greater effect). Climatic conditions and field values were
continuously monitored. Control and, exposed groups
included 24 rats. Replications were made to study the effect
of exposure duration (l day, 2,4 and 8 weeks). Finally, 288
rats were involved in the experiment.
After the exposure period the rats were killed, and the
two kidneys were removed quickly in aseptic conditions.
Tissues samples were assigned to determination of lipid

and to bacterial and histological
examinations, in order to detect possible kidney alterations.
Just before euthanasia of the animals, urine was collected to
peroxidation,

assess kidney function (volume, creatinine) and possible
alteration of the nephrons (enzymes GGT and PAL, were
selected as markers of a possible nephrotoxicity) [1]. Urine
collection required special cages and was performed only in
rats exposed to 500 prT, and in their controls.

Determination

RESULTS

to l0 and 100

of lipid peroxidation was obtained with

determination of malondialdehyde (MDA), the main
product of the action of peroxidation of fatty acids. The
chemical method was chosen in order to avoid the classical
thiobarbituric acid reaction known to give rise to a lot of
interferences. The selected method is based on a

The values of lipid peroxidation (Table I) failed to show

any systematic difference between exposed and control
animals. Comparaison between exposed and controls shows
l1 statistically significant differences, but in 7 cases, there
is a decrease of the MDA concentration in the exposed rats
with regard to the controls and only in a 4 cases there is an
increase in the exposed animals.
Histological examinations revealed quite any anomaly,
except scarce minor alterations, and bacteriology revealed
kidney infection only in 2 cases. It was notified that kidney
or plasma peroxidation remained in the normal range in
these animals. The biochemical markers of kidney integrity
and function failed also to reveal an anomaly even in the
animals with a high blood concentration of MDA.

DISCUSSION
The hypothesis that free radicals can mediate the action

of EMF on biological

systems

is a very plausible

explanation, because i) magnetic fields are not modified by
body tissues, ii) they can deviate charged particles , iii) they
are physiologically produced in the body and need not other
mechanisms to be produced. These theoretical reasons are
supported by in vitro experiments and it was demonstrated
that magnetic fields are able to have an action on chemical
reactions [3,5]. However, physical theory explains that
possible effects of magnetic fields on charged particules
need high field values to produce actions I4,7l.The main

question remains to know if biological effects may be
produced, and if radical pair effects can occur at lower
levels, in the range of environmental magnetic field values.
It is known from studies in experimental pathology [2,6]
that kidney tissues are very sensitive to radical pairs
toxicity. In our results, it is obvious that the variability of
MDA production is far greater in the kidneys compared to
plasma. Associated with our previous experiments, it is
possible to think that kidney is one of the more sensitive
tissues to lipid peroxidation. Therefore an EMF effect
should be seen easily. The present study doesn't confirm an
effect of field on kidnev tissue. As effect of EMF on free
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radicals is demonstraded on in vitro models, it could be
suggested that an in vivo action requires higher levels that
the maximum value used in this study.

Table 1: Lipid peroxidation of the kidneys and of

the

plasma (nanomoles MDA/mg proteins); exposure duration

in day (d) or

week (w). (m: mean and s.d.:

std

deviation).The exposed groups are compared with controls

(CT); p values: *: <0,05; **:(0,01; ***:(0,001;
*

*<

* tr:<Q,QQQ |
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KIDNEY (right)
m
CT

t0
microT

500

microT

1,69
0,49

m
s.d.
p

1,29
0,19
***

m
s.d.

1,27
0,18
***

CTm

s.d.
m
s.d.

p
500

microT

PLASMA
CT

l0
microT

s00

microT

8w

kidney was not increased in the exposed rats, in comparison
with the controls. Although kidney tissue has the capability

to give rise to a huge stimulation of

m
s.d.
p

reactive oxygen

metabolites in pathological situation, exposure to 500 muT
failed to induce an increase of these products. Probably, a
higher field strength (- I mT) is required to obtain an in
vivo effect.

0,23

0,88
0,12

0,78
0,23

0,9

I

l,0l

l,06

0,29

*

0,91

0,21

*

?'o ?tt
0,88 1,08
0,18 0,14
n.s. ***
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