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ABSTRACT

The present work was undertaken in order to ingasti the effects of static magnetic field (SMFgoowth rates,
hematopoiesis, plasmatic proteins levels, glucaseentration, lactate dehydrogenase (LDH) and teanmimases
activities in male rats. Sub-acute exposure of catsng 5 consecutive days to SMF (1h/day at 128mdjced an
increase of plasma LDH activity (+38%, p<0.05), amglucose concentration (+31%, p<0.05), whereas
haematological parameters, protein levels, alarimeinotransferase (ALT) and aspartate aminotransferAST)
activities remained unchanged. SMF exposure ofdating 30 consecutive days (1hour/day at 128mTyesesed
significantly growth rates by the second week anweiased significantly the plasmatic total protéuels (+62%,
p<0.05), hemoglobin (+10%, p<0.05), red blood cefls7r%, p<0.05), white blood cells (+17%, p<0.05)nc
platelet number (+10%, p<0.05). Sub-chronic expesiar SMF increased also LDH (+43%, p<0.05), AST4{%,
p<0.05) and ALT activities (+95%, p<0.05). In coast, the glucose concentration was unaffected. & hbanges
suggested that exposure to SMF had a possiblet eifethe proliferation of blood cells and enzymelgase within
blood indicating tissue alterations.
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INTRODUCTION magnetic fields (Thomson et al., 1988). Moreover,
an increasing number of reports indicate that
In recent years, several studies have suggestédagnetic field is involved in cancer induction as
possible bio-effects of magnetic fields on humanco-carcinogenic factors able to enhance the effects
health (Jolanta et al., 2001). Epidemiologicalof other mutagenic substances (Baum et al., 1995;
studies have failed to find a correlation in live Mevissen et al., 1995). Biochemical studies have
subjects between the continuous presence dfeen carried out to evaluate the effects of
magnetic field at different intensities and themagnetic field on the metabolism of cell cultures,
appearance of any particular pathology (Reipert eanimals and humans (Kula et al., 1991). Previous
al., 1997; Hatch et al., 1998; Lacy-Hulbert et al.reports showed significant disruption in the
1998; Day, 1999). In contrast, severalcarbohydrate, lipid and protein metabolism
investigations have demonstrated an increase ifeflected by altered blood glucose levels and
childhood leukemia and other related diseases iAccelerated glycolysis and glycogenolysis
children from populations exposed to electro-(Boguslaw et al., 1999Magnetic field is known
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to be strongly lipolytic and glycogenolytic in rats Magnetic field intensity and exposure scenario
(Chemysheva, 1990; Gorczynska et al., 1991)The intensity of magnetic field was measured and
inducing a prominent increase in blood glucagonstandardized in the total floor area of the Plexiglas
cortisol and thyroxin levels. More invasive studiescage at 128mT. The cage had 20cm length, 10cm
have been performed in animals. High et al (2000yvidth and 20cm height. The two bobbins of the
found that exposure of rats to SMF had nolLake shore System were separated by the distance
significant effects on spatial memory, incidence ofof 12 cm. Adult male rats were exposed to static
death, changes in heart rate, body weight, foothagnetic field (128mT) in the Plexiglas cage
and water consumption. Exposure of mice to statibetween the two bobbins of the Lake Shore
magnetic field suppressed the eating and drinkingystem, 1 h/day (between 9h-12h) during 5 days
behaviour and increased the blood urea nitrogeripr sub-acute exposed group and during 30 days
glucose and creatinine concentrations (Kula et alfor sub-chronic exposed group. The cage in the
1991). The magnetic field exerted a preponderateake Shore contained two rats for each exposure.
controlling influence on the thermoregulation, The control rats were positioned in the Lake Shore
metabolism and haematology in rats (Marino etsystem one hour/day (between 9h-12h) during 30
al., 1995; Bonhomme et al., 1998; Abdelmelek edays without applying magnetic field.
al., 2000; Nagashima et al., 2000; Abdelmelek et
al., 2001). Considering the lack of consensus oBlood sampling protocol
the biologic effects of static magnetic fields, thisBlood samples (0.5m1 approximately/sample)
work aimed to investigate the effects of SMFwere collected in vials containing EDTA for
exposure on blood cells count and plasmaaematological investigations or heparin for
biochemical parameters in adult male rats. biochemical studies. Haematological parameters

were assayed by Medonic-precision instruments

for haematology research (CA620).
MATERIALSAND METHODS

Blood chemistry
Animals Control and treated rats were scarified
Male wistar rats (S | P H A T, Tunisia), weighingimmediately after the last exposure. Blood
at the beginning of the experiment from 195 tccollected in  heparinized chilled tubes was
200g were randomly divided into control groupimmediately centrifuged. Aliquots of plasma were
(n=6) and SMF exposed rats (n=6). Control androzen and stored at -80°C prior to biochemical
SMF exposed rats were kept in similar conditionginalysis. Plasma LDH, aspartate aminotransferase
under room air. The animals were maintained ifAST) and alanine aminotransferase (ALT) were
normoxic conditions and were housed in groups dmeasured using the enzymatic methods according
six in stainless-steel cages at 25°C, under a 12-1@  manufacturer instructions  (ChronoLabo,
light /dark cycle, with free access to basal diet§rance). The protein levels were measured using
and water. Animals were cared under the Tunisiathe Bradfort methods. Plasmatic glucose
code of practice for the Care and Use of Animalgoncentrations were measured using the glucose
for Scientific Purposes. The experimentaloxidize methods according to manufacturer
protocols were approved by the Faculty Ethicdnstructions (SIGMA  Diagnostics;  glucose
Committee. "TRINDER ").

Exposure system Data presentation and statistical analysis
Lake Shore Electromagnets (Lake Shordata are reported as the mean + SEM. Statistical
Cryotronic, Inc, Westerville Ohio, USA) were significance of the differences between means was
compact electromagnets used for magnetiassessed by Student'stest. The level of
resonance demonstrations. Water-cooled coilsignificance was set at p<0.05.
provided excellent field stability and uniformity
when high power was required to achieve the
maximum field capability for the electromagnetRESULTS
(Abdelmelek et al., 2002).
Exposure of rats to SMF at 128mT resulted in a
non-significant reduction in growth rate following
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7 days of treatment. But a significant reduction ir31.38 U/L, p<0.05) (Table 2), and glucose
growth rate was noted after 14 or 21 days ofoncentration (1.63 + 0.1g/1 vs 1.23 + 0.05 g/1,
treatment compared to controls (Fig. 1). Subp<0.05) (Fig. 3), while haematological
chronic exposure to SMF did not affect waterparameters, plasmatic total protein levels,
consumption in rats (Table 3). However, sub-acutalanine aminotransferase and aspartate
exposure to SMF induced an increase of plasmataminotransferase activities remained unchanged in
LDH activity (641.42 + 36.11 U/L vs 462.91 + SMF rats (Table 1-2, Fig. 2).
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Figure 1 - Effect of exposure to static magnetic field on gttowate in rats. C (control); SMF (Static
Magnetic Field). Values are means + SEM calculdteth n=6 in each group. *p<0.05,
compared to control.
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Figure 2 - Effect of sub-acute (5 days) and sub-chronic @silexposure to static magnetic field on
plasmatic protein concentration. Values are meai®EM calculated from n=6 in each
group. *p<0.05, compared to control

However, SMF exposure of rats during 30vs 40 = 4 ug/l, p<0.05) (Fig. 2), haemoglobin
consecutive days (lh/day at 128mT) increase(l3.2 + 0.26 g/dl vs 11.98 + 0.15 g/dl, p<0.05), the
significantly plasmatic protein levels (65 + 2 ug/lnumber of red blood cells (7.82 + 0.15°/0m°® vs
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7.29 + 0.03 1Omn?®, p<0.05), white blood cells aminotransferase (31.81 * 1.61U/L vs 22.6 #
(13.68 + 1.42 1¥mm°® vs. 11.35 + 0.16 fnm®,  1.85U/L, p<0.05) and alanine aminotransferase
p<0.05 ), and platelet levels (626 + 14.04/a0n®  activities (43.56 + 3.56 U/L vs 22.31 + 2.27UIL,
vs 566.33 + 15.08 £mn?, p<0.05) (Table ). p<0.05) (Table 2), whereas the plasmatic glucose
Sub-chronic treatment with SMF elevated also theoncentration remained unchanged (1.428 + 0.04
lactate dehydrogenase (661.92 * 34.26U/L vg/lvs 1.23 +0.05 g/1, p>0.05) (Fig. 3).

46291 + 31.38 U/L, p<0.05), aspartate
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Figure 3 - Effect of sub-acute (5 days) and sub-chronic (3GHaxposure to static magnetic field on
plasmatic glucose concentration. Values are meaS&M calculated from n=6 in each
group. *p<0.05, compared to control.

DISCUSSION (1992). The evidence that SMF acts to decrease
body weight and unaffected water consumption
The results showed that exposure to SMFaises the question of how SMF alter body weight.
originated different metabolic and hematologicalNevertheless, the body weight decrease could not
disruption, which appeared to be related to th&e related to dehydration but probably to the
duration of exposure. Exposure to SMF (1h/dayhypoxia status known to alter the body weight
induced a decrease of body weight by the secor{fNecka et al., 2003). Previous studies showed that
week of treatment. Moreover, the same treatmerhronic hypoxia was associated with increased
caused an increase of hemoglobin concentratiopxidative stress as evidenced by marked lipid
white blood cells, red blood cells and plateletperoxidation and the induction of antioxidant
count compared to control rats, whereagnzyme response in various tissues and organs
hematocrit levels remained unchanged. Thé&Yoshikawa et al., 1982; Nakanishi et al., 1995).
increase of hemoglobin and red blood cells levelsterestingly, literature analysis showed a lack of
could be explained by the installation of arflata regarding the effects of static magnetic field
hypoxia-like  status following sub-chronicin biological system. However, previous
exposure to SMF. However, the precise way irinvestigations identified the effects of radio-
which SMF induced an hypoxia-like status has nofrequency and electromagnetic field in animals.
yet been fully clarified. The hypothesis of arSevedenstal et al (1998) has shown a significant
action of SMF on the geometrical conformation ofower body weight of male mice exposed to
hemoglobin was reinforced by the fact that SMFelectromagnetic field. Moreover, Stanis et al
induced a prominent effect on the hemoglobi{2001) pointed to the existence of an increase of
structure as previously demonstrated by Pries et ARematological parameters on lactating ewes
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exposed to a pulsed electromagnetic field. On thearbohydrate metabolism subsequent to a long
contrary, Dacha et al (1993) did not observe angxposure. Comparative data were reported by
significant modification in human erythrocytes Gorczynska et al (1991) who observed a slight
exposedin vitro to electromagnetic field. This increase of serum glucose concentration,
study showed that sub-acute exposure to SM&ssociated with a decrease of insulin and an
increased significantly plasmatic LDattivity, but increase of glucagon levels in rats exposed to
had no effect on those of ALT and AST. Howevermagnetic field. Present data showed that SMF
sub-chronic exposure of rats to SMF lead texposure increased plasmatic total protein levels
increase LDH and transaminases activities. Thusuggesting the change in protein metabolism of
the increase of LDH and plasmatic transaminasedressed rats. In steelworkers exposed to
levels could be attributed to the alteration ofelectromagnetic field, Boguslow et al. (1999)
hepatocytes. Previous studies showed that theshowed a slight decrease of total serum protein
enzymes were increased in nearly all pathologicdévels. This discrepancy could be attributed to the
states in which damage or cellular destruction wadifference of the intensity of the SMF and the
produced (Martin et al., 2000). These results werexposure scenario and duration. The mechanism of
in accordance with the findings of Boguslow et alSMF action in biological systems can be examined
(1999) showing an elevation of AST and ALT inby its interaction with moving charges and
steelworkers exposed to magnetic fidllagnetic enzymes activities rates in cell-free systems
field also induced structural changes inincreasing transcript levels for specific genes
hepatocytes, primarily in mitochondria (Parafiniuk(Goodman et al., 2002). It is likely. However,
et al.,, 1992). Bonhomme et al. (1998) showed 8MF also interact directly with electrons in DNA
non significant difference in LDH activity of mice to affect protein biosynthesis (Goodman et al.,
after exposure to magnetic field. Present resultd002).

showed that sub-acute but not sub-chroni¢tn conclusion SMF exposure originated different
exposure to SMF significantly increasedmetabolic and hematological effects, which
glycemia. The hyperglycemia observed followingppeared to be related to the duration of exposure.
sub-acute exposure to SMF could be explained byhe change in biochemical parameters of SMF-
structural and functional changes in pancreas, iexposed rats reflected probably hepatic damage.
response to SMF stress. The lack of effect oRurther studies are needed for the better
glycemia observed in sub-chronic exposed ratsnderstanding of the SMF effects in biological
suggested probably an adaptative response system.

Table 1 - Effect of sub-acute (5 days) and sub-chronic (3gsdaxposure to static magnetic field on bloodscell
count..

WBC(10¥mm? RBC(10%mm?®) Hb(g/dl) Ht(%) PLT(10%¥mm?)
C 11.35+0.16 7.29+0.03 11.98+0.15 34.06+0.32 5661338
SMF (5 days) 11.88+0.39 7.33£0.19 12.73+0.11 35.32+0.77 607.6831
SMF (30days) 13.68+1.42* 7.82+0.15* 13.2+0.26* 35.37+0.69 62661

WBC (White blood cell); RBC (Red blood cell); Hb (Hemoglobin); (Hematocrit); PLT (platelet); C (control); SMF (stati
magnetic field). Values are means + SEM calculated frotim=each group. *P<0.05, compared to control.

Table 2 - Effect of sub-acute (5 days) and sub-chronic (8@s§l exposure to static magnetic field on serum LDH
and transaminases activities.

LDH (U/L) AST (UIL) ALT (UIL)
C 462.91+31.38 22.6+1.85 22.31+2.27
SMF 5days 641.42+36.11* 23.5+1.2 24+1.68
SMF 30 days 661.92+34.26* 1.81+1.61* 43.56+3.56*

LDH (Lactate dehydrogenase); AST (aspartate aminotransferds€)(alanine aminotransferase); C (control); SMF (Static
Magnetic Field). Values are means + SEM calculated frofnim=ach group. *p<0.05, compared to control.

Brazilian Archives of Biology and Technology



894 Amara, S. et al.

Table 3 - Effect of sub-chronic exposure to static magnigid in water consumption in rats.

w1 W2 W3 w4
C
ml/24h/Rat 20.76+0.44 19.42+0.61 20.04+0.49 19.78+0.7
SMF
ml/24h/Rat 21.04+0.45 21.69+0.6 20.45+0.64 21.3+0.31

C (control); SMF (Static Magnetic Field); W (week). Valaes means + SEM calculated from n=6 in each group.
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