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Abstract. The present work is devoted to study the efféexposing experimental male albino
rats to a combined static and extremely low fregyeELF) alternating magnetic fields of average
intensity 3 mT, to evaluate the risk on human wskeho occupationally exposed to similar fields.
A total of thirty male albino rats were equally idied into three groups, A, B, and C. Group A served
as control group. Group B was exposed to static exicbmely low frequency magnetic fields of
3mT, 8 hours/day for two successive weeks. Growpga€ exposed to the same condition as group B
for four successive weeks. Osmotic fragility of RBGielectric dispersion of hemoglobin (Hb) at
frequency range of 12-1(Hz, Hb absorption, Hb electrophoresis, plasma imdartransaminase
(ALT), aspirate transaminase (AST), malondialdehy&ltDA) levels and red blood cells (RBCs)
catalase activity were carried out for all groupise results indicated that exposure of animals ks M
of 3 mT results in increase in RBCs osmotic fragiiind decrease in its membrane elasticity, aglarti
change in Hb molecular structure without changeléetrophoretic band of Hb, increase in ALT and
AST levels in plasma indicating some damage irrlogl membrane. The increase in MDA level and
catalase activity indicates an increase in freeedsllevel.

Key words: static and ELF alternating magnetic fields, osmbmgility, dielectric dispersion,
hemoglobin, electrophoresis, MDA catalase, ALT, A8&e radicals.

INTRODUCTION

Most of theories addressing the mechanism of intiena between biological
system and magnetic fields (MFs) suggest thatpthema membrane, by virtue of
its bioelectrical properties, is the site, wheredvixert their primary effect [14].
The flow of C&2 across the cell membrane in response to extrakaelignals is
an important means of transmitting signals from dhéside to the interior of the
cell [12].

Baureuset al. [2] studied the influence of ELF magnetic fields on the
transport of C& in a biological system consisting of highly pueidi plasma
membrane vesicles. The authors showed that suitasiéinations of static and
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time varying magnetic fields directly interaosith the C4" channel protein in the
cell membrane, and they also confirmed this modehtjtatively.

Static and ELF MFs were hypothesized to selectieslyon cell signaling,
through their effects on charged matter motionstimfluencing cell survival
mechanisms in transformed cells that are charaettby electrical disorders [21].
Yost and Liburdy [23], tested the hypothesis thaF ERlternating magnetic fields
acted in combination with static magnetic fieldaiter calcium signaling in the
lymphocytes.

The aim of the present work is to study the effe#icexposure of rats to a
combined alternating and static magnetic fieldawarage intensity 3 mT on some
biophysical and biochemical changes of rat blogdh atep forward, to evaluate the
risk from occupational exposures of man to sinfikeds.

MATERIAL AND METHODS

EXPOSURE FACILITIES

The MF exposure was provided by a device that preslustatic and
alternating MFs generated by two coils. This dewss locally manufactured.
Each coil has a mean diameter of 23.7 cm and 2bpper wire turns. The
resistance and the diameter of the wire used wkieQ@hm per 1000 meter and 1.1
mm respectively. The two coils separated by a dégtaof 11.5 cm in which
animals were placed. One coil was connected toiac/Bed from a main source of
(220 V, 50 Hz) to supply AC current of 0.25 A, framhich the alternating MF was
obtained, the other coil was connected to a vamathigh ampere rectifier bridge
(NI-630) to supply DC current of 0.25 A, from whistatic MF was obtained. The
magnetic field intensity of the alternating magodield was measured using a
homemade search coil (0.1 mm in diameter and 10&)uThe field intensity of
static magnetic field was measured using Teslametedel (“Laboratorio
elettrofisco”, Nervinao, Italy, model CTM2000 with3.5¢<12 mnt Hall probe), at
different distances from the coil. The animal expesunit is made of plexiglas
with dimensions of 15 cm 15 cmx 10 cm. This unit was placed between the two
coils. The overall exposure of the combined fiekdS (1.54 mT) and the static
field (1.46 mT) was 3 mT.

EXPERIMENTAL ANIMALS

Thirty male albino rats of 150 g average weightevased throughout the
study. The animals were housed in plastic cagag#ranit normal ventilation and
daylight, with diet and water availabkd libitum. The animals were divided
equally into the following groups:

Group A: served as control group.
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Group B: was exposed to the magnetic fields of 3mT; 8 ldays 6 days/week.
The total exposure period was 2 successive weeks.

Group C: was exposed to the magnetic fields of 3mT; 8 ldays 6 days/week.
The total exposure period was 4 successive weeks.

At the end of the exposure time, all rats wereriBeed by cervical
decapitation, and the blood was collected usingahejzed syringe. The plasma
and hemoglobin were obtained [16]. Heparinized thla@s centrifuged at 1100 g
for 10 minutes at 4 °C using a temperature-comotentrifuge. The packed RBCs
were washed with five volumes saline-buffered sofuand gently agitated for two
minutes then centrifuged to separate the washeld. cEhe former step was
repeated three times, part of the cleaned RBCslysasl with five volumes of
distilled deionized water. The following measuretsemere performed:

DIELECTRIC PROPERTIES OF HEMOGLOBIN

Dielectric measurements were run in the frequeaoge from 12 — T0Hz
using dielectric bridge (LCR meter istek-819 Japatt@moglobin solutions were
placed in a homemade dielectric cell which contaiwe squared platinum
electrodes with area of 1 éreach with an inter electrode distance of 1 cre Th
measurements were always done at constant tempe(aftt0.5°C), the dielectric
cell was electrostatically shielded using aluminiaih as to avoid any extraneous
electromagnetic interference during the measuringcgss. The relative
permittivitye', the dielectric loss factorg”, and the conductivity,s, were
calculated [5]. The relative permittivity' for the sample was calculated at each
frequency by the equation:

¢’ = Hemoglobin capacitance / Air capacitance (1)
. ) gd
Air capacitance ZOT (2)

where g, is the vacuum permittivity which equals 8885 F/m; A is the

electrode surface area in meter squdiis;the distance between the two electrodes
in meter.

The dielectric loss factog,', was calculated from the following equation:
(3)

o _ €
8 —_
21 fRC

wheref is the frequency in HzZR is the resistance if; C is the capacitance in
Farad.
The conductivitys, was calculated using the following equation:

G:RiA @)
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whereR is the resistance in Ohm aadhe conductivity in Siemens/meter.

HEMOGLOBIN ABSORPTION SPECTRUMND ELECTROPHORESIS

Hemoglobin absorption spectra of control and expental rats were
measured in the wavelengths range from 200-600 nkd], [ using
spectrophotometer (Shimadzu UV-model 1601 Spectimpheter fitted with PC
system). Hemoglobin bands were separated on ceflidoetate [20].

DETERMINATION OF THE OSMOTIC FRAGILITY OF RED BLOOIZELLS

Osmotic fragility test of RBCs was measured [2BE test was carried out
within 1 hour of collection. The whole blood wasdad to varying concentrations
of buffered NaCl, (pH = 7.4 and temperature kept2at°C). The hemolysis
percentage (%l) was calculated from the following equation:

Aat this concentratiol
Aof 0% tube

% H at certain concentration

x 100 (5)

where A is the supernatant absorption using spectrophdeni®himadzu UV-
model 1601 Spectrophotometer) at 540 nm.

BIOCHEMICAL ASSESSMENT

The biochemical parameters determined were: alaaménotransferase
(ALT) [10], asparate aminotransferase (AST) activitie8],[Inalondialdehyde
(MDA) concentration of blood plasma [4] and catalastivity in RBCs [7].

STATISTICAL ANALYSIS

Statistical analysis was performed to obtain themand standard deviation.
The data analysis was performed using the SPS&dkage (release 3, SPSS Inc.,
Chicago Ill) running on MCROVAX 3500. ANOVA test waused to compare
between the means of the different parameters eftlinee studied groups. A
difference was considered significant at probabpit 0.05.

RESULTS

Figs. 1a, 1b and 1c illustrate the variations of lg, log €' and the
conductivity o as a function of log frequendyin the range of 12—P0Hz, for
control Hb and that extracted from mice exposeMoof average intensity 3 mT
for either 2 weeks (group B) or 4 weeks (group IC)s clear from figures that,
there is an increase in the relative permittivitygooup B as compared to that of
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group A, with larger increase of group C than gr@&ipOn the other hand, no
change occurred in the dielectric loss betweengi&and group A, while a small
increase between group C and group B may be sethisinange of frequency. In
case of conductivity curve, there is an increasthénconductivity of group B than
group A, and larger increase between group C anuwipgB.
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Fig. 1. The variations of log' (1a), loge" (1b)andthe conductivitys (1c) as a function of log
frequencyf for Hb extracted from blood of all studied groups.
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Fig. 2. Hemoglobin absorption spectra
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Hemoglobin absorption spectra (Fig. 2) indicate dppearance of the well-
known hemoglobin characteristic bands at 220, 380, 410, 540, and 578 nm.
These bands correspond to aliphatic amino acidsnatic amino acids, globin-
heme interaction, soret band, nitrogen ion bondpadrphyrine rings and heme-
heme interaction bands respectively. The figurécatés no obvious change in the
absorbance of the main characteristic bands betweenhree groups. Figure 3
represents the Hb bands of the three studied groups

Gp. A

Gp. B

- .

Gp. C

Fig. 3. Hemoglobin electrophoresis.

Figure 4 shows the results of osmotic fragility swewaments for RBCs
collected from animals of the different groups, vehthe percentage of hemolysed
cells is plotted as a function of the concentrafiencentage of NaCl. For analysis
of these results, the curves were differentiatedl @glotted as a function of NaCl
concentration percentage as shown in Fig. 5. Frigurés 4 and 5 it is possible to
calculate median corpuscular fragility (MCF); (tN@aCl concentration at which
50% of RBCs are hemolyzed) and the maximum halttw{iM, ma) as given in
Table 1.

-e- %Hemolysis control
——9%Hemolysis 2 W test
-=- %Hemolysis 4 W test

% of RBCs hemolysis
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o
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Fig. 4. Osmotic fragility curves.
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Fig. 5. Osmotic fragility curve differentiation.

Tablel

Red blood cells mean corpuscular fragility (MCHgoéated in g% NacCl, and the corresponding
maximum half width (W sy as calculated from Fig. 5.

Group MCF (g% NaCl) | W (arbitrary units)
A 0.41 1.2
B 0.43 1.1
C 0.47 0.9

Table 2 illustrates the measured biochemical paeme(ALT, AST,
malondialdehyde and catalase) of the blood colie@tem control and exposed
groups. It is clear from the table, the plasma ARET levels were significantly
elevated from 42.9+7.06 IU/L and 146.1+17.34 IUflama control) up to 53.6
+4.2 1U/L and 165.8+13.78 U/L (p < 0.001) in groBpand up to 90.2+10.7 IU/L and
200.31£15.62 IU/L (p < 0.001) in group C. Malondieihyde level in the plasma
showed no significant increase in group B as coegbén group A, the elevation
was only 5.14%, but a significant increase in grGugs compared to group A (23.4%)
and group B (17.36%). Catalase activity in RBCsblafod of the three studied
groups indicates a significant increase from 9.463q1G 1U/g Hb) in control
group up to 10.25+0.41(30U/g Hb) in group B, and 10.57+0.42 ¢1/g Hb) in
group C (p < 0.001), this represents a percentagege of 8.42% and 11.83%,
respectively.
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Table 2

Change in ALT, AST (IU/L), malondialdehyde (nmol/inand catalase (£0U/g Hb) levels in the
blood collected from control rats (group A), andtthxposed to a combined MFs of an average
intensity of 3 mT (8 h/day, 6 day/week) for eitRaeweeks (group B) or 4 weeks (group C).

Parameter Group A Group B Group €
ALT (IU/L)  Mean +SD 42.947.06 53.6 #4.2 90.2+10.7
F-value 101.479

p 0.001
% change 24.94 | 110.26
AST (IU/L) |Mean+SD | 146.1+17.34165.8 +13.78200.3+15.62
F-value 30.741
p 0.001
% change 13.48 | 37.1
MDA (nmol/mL) [Mean +SD 2.0440.09] 2.15+0.09  2.52+0.17
F-value 40.466
p 0.001
% change 5.14 | 23.4
Catalase Mean £SD 9.46+0.63| 10.25+0.41 10.57+0.42
(10°1U/gHb)
F-value 13.458
p 0.001
% change 8.42 | 11.83

F is the statistical value of ANOVA test.

DISCUSSION AND CONCLUSION

The change in the RBCs osmotic fragility of expoaad unexposed animals
may be due to magnetically induced changes in thepepties of RBCs
membranes. Modification in the physical conditiohtbe proteins on the cell
membrane may lead to change in the permeabilitthefRBCs membrane [8].
Some proteins on the cell membrane (ion channetsdsapores through which the
liquid (water) bound to ions carried inside thel.c&éhe applied MF may cause
variation on the electrical charge distributed dre tRBCs membrane. The
redistribution of the electrical charges may affdw ion channels proteins as a
cause of unbalance in the ionic concentration, whiay lead to change in osmotic
fragility. Electromagnetic force (e.m.f.) produdeg MFs can increase the amount
of intracellular cations, leading to an increasehaf influx of water into the cell.
The increase of water into the cell leads to aneimee in the hydrostatic pressure
on the inner cell membrane that usually ends wiimdiysis [13]. The increase of
water into the cell may be due to a cationic acdatian provoked by a reduction
Na" channel activity, caused by inhibition of ATP syedls or even by an
enzymatic (N&K'-ATPase) inactivation [11]. The R&'-ATPase, an integral
protein of outer cell membrane, supports the idgr@mostasis of the cell which is
under control of Ng K*, Mg* and ATP [3].
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The width at half maximum of the differential p{® may as shown in Fig. 5
(Table 1), represents the relative decrease irldmtic limit of RBCs' membrane.
The increase iV, maxWill represent the increase in cellular membrastéity, so
the elasticity of RBCs membrane decreased as & oédvFs exposure.

It is well known [1] that, RBCs have to be squeeaad deformed to pass in
blood capillary vessels of diameter smaller thaat tf RBCs itself, the degree of
squeezing of RBCs depend mainly on their membrédastiety. Therefore, the
decrease of the RBCs membrane elasticity will lEathe increase of the blood
capillary resistance for RBCs passage to the baalis dor carrying normal
metabolism, and hence toxicity in some organs neayo[1]. It is clear from the
Table that, the change in the mechanical propeotié¥BCs membrane proved to
be time dependent.

The electrophoretic pattern of Hb molecule in aiugps remains unchanged
in the Hb absorption band at wavelengths 220, 4@0510 nm for rats exposed to
a combined static and alternating MFs for eithes tw four weeks with respect to
that of the control group. But a partial increagettee Hb absorption bands at
wavelengths 280, 340 and 578 nm that representaioramino acids, globin-
heme, heme-heme interactions respectively, wasetbin group C against group
B against group A, indicating partial loss of Hblewule stability.

The study of the dielectric properties of hemogtolif rats exposed to
combined static and alternating MFs for either tarofour weeks showed an
increase in the Hb conductivity against controg(Fic). This change indicates a
partial charging of the hemoglobin (Hb) moleculdeTchange in conductivity
indicates that, exposure of the animals to the MEsonstrated caused partial
structural changes in their Hb molecules, which raffgct their properties and
hence the RBCs physiological function [1].

According to the radical pair mechanism [9] theefradicals lifetime in the
animal's body increase due to exposure to magrf@lds. This mechanism
explains the increase in the RBCs catalase activitthe 4 weeks exposed as
compared to the control one. In fact, the increasmatalase activity is considered a
defense mechanism to protect the body against ¢mgae to an increased level of
free radicals. The same mechanism may explainribeease in malondialdhyde
concentration in the 4 weeks exposed group by iaewsdile percent as compared to
the 2 weeks exposed group and the control group4@%2 and 5.14%,
respectively). The increase in the stability ofidipperoxidation intermediates
increases the chain reaction of unsaturated fattisdeading to accumulation of its
end product, which is malondialdehyde. The incréasealondialdehyde is in turn
accompanied by increase in other free radicalseasxmle radical leading to an
increase in the antioxidants concentration suatatasase which metabolizes®
to water. There is wide acceptance among researdiat exposure to the
magnetic field causes an increase in the free aldieading to an increase in
antioxidants concentration [24].

In rats exposed to MFs, a marked increase in AST AInT activities in
plasma was observed, indicating a form of hepajiory as a direct effect of MFs.
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ALT and AST concentrations increased in the 2 wesfgosed group as compared
to the control by 24.94% and 13.48%, respectivé¥fhen the stress is further
increased in the 4 weeks exposed group, more oethbranes were damaged
resulting in an increase of ALT and AST compareccdotrol by 110.26% and

37.10%. Our data are in agreement with those dddabby Taha and Mohamed
[19]. This elevation initiates the process of lipiéroxidation in the plasma

membrane adding to disturbance of membrane pertitgabind subsequent

electrolyte imbalance [6]. Progress in magneto-aébeynrefers the effects of MFs

to the chemical reactions involving free radicMggnetic fields may increase the
average radical concentration, lengthen theiritifetand enhance the probability
of radical reaction with cellular components [15].

Conclusively, magnetic fields possess the potential induce hazardous
biological effects in rats. The main damaging mflenagnetic fields may be on the
cellular membrane. The change in the mechanicaepties of RBCs membrane as
a result of whole body exposure of the animal tosNB-time dependant. And the
change in RBCs physiological function may damagpeiobrgans such as liver and
other critical organs.
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