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Abstract. An electric field of 6 kV/m strength and 50 Heduency was directed horizontally
to three groups of mice for exposure periods 30ad® 60 days respectively and for 30 days post
exposure. The dielectric properties of the totaliseproteins of the exposed mice were studied as an
indication of the effect of the electric field ohet molecular structure of the serum proteins. The
molecular structure of the total serum proteins evstudied through measuring their dielectric
relaxation and the electric conductivity in thedguency range 0.1 — 5 MHz at 4 + 0.5 °C. The
absorption spectra of the extracted proteins wkse measured in the wavelength range 200 — 600
nm. The results showed that the electric field Il@glethe permittivity value of the serum proteing an
increased its conductivity; a fact that indicatesnpunced changes in the molecular structure of the
total serum protein of the exposed mice. In addjtibe intensity of the absorption spectral barfds o
the serum proteins of the exposed mice was foudédtoease.
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INTRODUCTION

Possible health effects of exposure to low frequdogv intensity electric
and magnetic fields are receiving increased inténethe scientific literature. The
increasing scientific interest with the effect ¢éatric field on leaving cells during
recent decades is mainly attributed to its guidéhiowing light on major unsolved
biological problems such as irregular cell divisilWnterhaller [23]

Emanet al. [1] showed changes in the dielectric relaxatiom @tectric
conductivity of the extracted protein moleculestloé exposed mammalian eye
(5 kv/m).

Ibrahim [8] stated that application of small dlecgic field intensities (1-5 V/icm)
on erythrocytes increased their electric condugtivi

On the other hand, Waltet al. [21], Macginiticet al. [12], and Laberge [9]
proved that electric field inhibited the biologiqaioperties of the cells membrane
protein. The Biological effects of such a fieldk'®, 50 Hz) on the bone marrow of
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the mice have been investigated by Fawzia [2]; Sheved that the significant
frequency of the chromosomal aberrations (CA) &ednicronuclei polychromatic
erythrocyte (MNPEC) increased by increasing theetiofi exposure to electric
field.

Grota [5] found that serum melatonin levels decreasedelsctric field
exposure, suggesting the possibility that degradatr tissue uptake of melatonin
is stimulated by exposure to electric fields.

Tenfordeet al. [20] mentioned that an extremely low frequencycele field
(ELF) induces electrical potentials and resultantrent flows in the aqueous
medium that surrounds the living cells. Becausentkeenbranes of these cells form
a dielectric barrier to the passage of currenthim ELF frequency range, only a
small fraction of the induced current penetratesall surface. Yet, it is generally
believed that the per-cellular current induced by BLF field produces
electrochemical alterations in the cell membranéase.

Such induced current, in turn, sends signals adhessell membrane barrier
that produces alterations in intracellular biocheahiand physiological functions.
Saunderst al. [19] introduced a mechanism for this biologicaleraction. They
proposed that the electric field induces an electfiarge on the surface of
conducting bodies such as animals or humans. Attreleharge on the surface of
the bodies induces electrical potentials withieues giving rise to a current flow. In
the extremely low frequency range < 300 Hz, thectdlmal impedance of cell
membrane is high. The flow of current mainly througe extra cellular fluid of
tissue induces changes in the electrical potentasexist across cell membranes
and affects electrically excitable tissue.

In the light of the presence of hundreds of higltage transmission lines
that produce high voltage electric field in the liplaces, we have undertaken the
present study to evaluate the effect of such fieldshe dielectric properties of the
total serum proteins of the mice exposed to 30685Jays respectively and for 30
days post exposure. Such a job was achieved throwggsuring the dielectric
relaxation of the serum protein in the frequenayge0.1-5 MHz at 4 + 0.5 °C.
Also, the absorption spectra of total serum proieitne wavelength 200 — 600 nm
were measured.

MATERIALSAND METHODS

ANIMALS

In the present study twenty-five male mice weredysging 3 months and
weighing 30 £ 2 g and classified into 5 groups keat 5 mice). Mice were
obtained from Animal House Faculty of Veterinary ditene, Zagazig University.
All animals were kept under the same conditionsutfition and housing.
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ELECTRIC FIELD FACILITY

Extremely low frequency of electric field strength6 kV/m and frequency
of 50 Hz was generated between two parallel alumielectrodes of dimensions
60x50~0.2 cm fixed vertically at the two vertical siddgloe mice cage (Fig. 1).

The electric field was derived directly from 50 High voltage step-up
transformer, manufactured by the Center of Scienéihd Electronic Equipment
Maintenance, Faculty of Science, Cairo Universitye design of the apparatus is
shown in Fig. 1.

EXPOSURE PROCESS

Twenty five male mice were exposed as follows: grduwas used as
control, groups 2, 3 and 4 of mice exposed to peri80, 45 and 60 days
respectively. Group 5 was investigated after agoetate 30 days from switching
off the power supply.

PREPARATION OF TOTAL SERUM PROTEINS

From each mouse, one ml of peripheral blood wasiodd by micro-
haemotocrite tube from ocular vein of living migedecentrifuged at 3000 rpm for
30 min. After centrifugation the supernatant semuas removed carefully with a
micropipette. The total protein in serum was edtitidy means of Biuret reaction,
according to the technique of Weichselbaum [22] aadsferred to new eppendorf
tubes and kept in deep freezer until use.

THE DIELECTRIC MEASUREMENTS

The extracted total serum proteins were dilutech viidistilled water at a
ratio 1:20 by volume. Loffleet al. [10] calculated the dielectric properties of a
protein and its solvent and they found that theptiog between the dielectric
relaxation of the peptide and that of the water ponent is particularly important
for correctly describing the dielectric constantioé peptide.

The dielectric relaxation of the extracted proteimsre measured in the
frequency range 100 kHz to 5 MHz using a Loss Rateter type 1033, R.F.T.,
Funkwerk, Erfurt, Germany, and a cell type PW 9B0#tanufactured by Philips
Holland. The cell has two parallel squared platifulack electrodes of 0.8 cm side
each, 64 crarea (A), and 1.0 cm separation distance (d).

Dielectric measurements for the samples were chrioait at fixed
temperature of 4 0.5°C using an incubator type 2771 Kattermann, Germa@hg.
relative permittivity (dielectric constant), of the sample is defined as the ratio of
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the capacity measured with the sample to that nmeddy the cell in vacuum. The
dielectric losse" is the part of the energy of an electric filedhtthdissipated
irrecoverably as heat in the dielectric. The valokeselative permittivitye' for the
samples were calculated at each frequency frommbasured value of their
capacitance through the relation
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Fig. 1. Electric field facility (a, b aluminum pé&s).

The dielectric loss,¢", and the conductivity were calculated from
measurements of the sample capacitance and resg&in

The difference between the value§ and &', at low and high frequency is

called the dielectric incremertg', i.e. this quantity is a measure for the shagk an
volume of the nonpolar solution consisting of piageand bound water [7The
spectrum of biological macromolecules such as prott high frequency
(hundreds of kHz region) is known & dispersion, which comes from the
polarization of protein and other organic macrorooles [3].
Moreover, the a.c. conductivi§(s™) was calculated from equation (2) [18].
o

S=—=we"=21fe" (2
80

whereeg, is the permittivity of free space amd is the real conductivity.
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The average molecular radius of the protein mokeauhs estimated from
the relation [18]:

o2 KTZ 3
4m
where k is the Boltzmann constanfl is the absolute temperature,
n is the viscosity of the protein solution anthe relaxation time, namely, the time

at which the dielectric molecule has the abilityrédax under the effect of the
applied field and calculated from the relation:

r=_1 4
2 7rf,

fo being the critical frequency corresponding to thiel-point of the dispersion

curve ( or the frequency at the maximum loss). dabeuracy of the experimental
set-up was about 1 — 3% in the whole frequencyeamgestigated.

RESULTS

Fig. 2 illustrates the variation of the permittivifdielectric constanty’as a
function of the frequency for the total serum pirotaf five mice groups. It is clear
from the figure that the permittivigypassed through a dielectric dispersion [4] and
the decrease in the values of was accompanied by an increase in the value of
conductivityS, which we considered as indicating confidencénarheasurements.

It is clear also that the dielectric incremggt(= ¢’ -¢') for the exposure periods

30 day is lower than the other periods and inciedyancreasing it.
The changes in the value ofs were attributed to change in shape and
volume of the nonpolar solution consisting of pit@olecules [7].

Fig. 3 shows the variation of the dielectric losSas a function of the
frequency for the all the total serum proteins dasp

It is clear from the figure that the middle poirfittoe dispersion curve (at the
critical frequency §) was changed from one treatment to another as aadwith
the control sample and then resulted in changebeénrelaxation timer of the

samples (Eq. 4). Fig. 4 shows the variation of dbeductivity S (5™ :[U] for

‘90
all the groups as a function of the applied freayerit is clear that the electric
conductivity of the total serum proteins molecubdéshe exposed groups is larger
than the control group.
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The relaxation time (us), the average molecular radR&m), the dielectric
incrementA&" and the electric conductivity(s™) were calculated from the data in

the figures and by using the equations (1) — (4)alb the samples as given in
Table 1.

Table 1

Values of dielectric incrementX€ ), conductivityS(s™), relaxation timer(us) and average
molecular radiusR(nm), for total serum proteins of exposed and unsgd mice

Exposure Dielectric Conductivity | Relaxation timg Average moleculs
periods | incrementAE | s x10° (1) radiusR(nm)
Control 6000 15 0.398 2.251
30 days 4800 21 0.454 2.432
45 days 4400 25 0.530 2.510
60 days 3600 35 0.636 2.560
30dayspost g4, 17,5 0.353 2.150
exposure
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Fig. 2. Variation of the dielectric constant fol thie total serum protein groups as a functiorhef t
applied frequency.
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Fig. 3. Variation of the dielectric loss for alkthotal serum protein groups as a function of the
applied frequency.
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Fig. 4. Variation of the conductivity S for all the total serum protein groups as a fiarcof the
applied frequency.
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Fig. 5. The absorption spectra of the total serooteins after different exposure periods
to electric fields.

Figure 5 represent the absorption spectra of tta $erum protein for all the
groups at the result inchoate that the extractetejr from the control group are
characterized by absorption bands at 245, 295,330and 575 nm and the figure
illustrates a continuous decrease in the interdigach bands for the other groups.

DISCUSSION

The studies presented here on the blood mice aaego#at importance, since
it provides guidance for the assessment of therHaeatent on the health of
occupational and public persons exposed to ELRrédteld and, also, to indicate
the area of such hazard.

The hazardous effects of the electric field on frelctions may lead to either
the change in the character of resonating metalpoticesses of the cell involved
and/or destroy this process, which may lead finalty the cell death or
transmutation [14], also for this reasons they Usedbeat frequency electric field
in treatment of tumor cells.

Therefore, the changes in the molecular struct@itbentotal serum proteins
of the animal blood after exposure to differentctrie field periods may be
considered as model examples for the human thaex@aysed to electric field.

The important property of that biological material its extremely high
dielectric constant' (Fig. 1) in comparison with most inanimate matad the
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fact that the dielectric dispersion at low frequedoes not follow the typical Deby
relaxation curve [17]. It was reported that thisgméude ofé is due to counter-ion
polarization.

The presence of a dielectric dispersion in theueegy range T0- 10 for
the protein used agrees with the previous findih@iant [4] for other types of
proteins.

Also, the slight increase in the relaxation timed asonsequently in the
average molecular radii of the extracted proteiteciudes from the exposed groups
relative to the unexposed explained that the slaapkethe volume of the protein
molecules are changed [7].

In addition to that, there is a decrease in thaegbfAe' for the blood serum
proteins of the exposed mice. Since these changég'iare functions of changes
in the dipole moment of the macromolecules which eonsequently depend on
the center of mass of the charge distribution &ednolecules radius [7], one may
conclude that there are some biophysical processasing within the protein
molecules resulting from the interactions of thectic field which may cause
rearrangement of its charge distribution and hesienging its properties. This
result is in a good agreement with. Mccammon [1Bpweported that the variation
in the surface charge may cause the enzyme resefiobe more sensitive to
potential changes.

Also, Piteraet al. [16] showed that the behavior of charged residsehe
primary determinate of the effective permittivity.

On the other hand, the electric conductivity of thgosed groups became
larger than the unexposed. This result has beerpigted before by Sandestsal.
[19] who suggested that exposure to electric fietilices changes in the electrical
potential across cell membrane and produce elatiiriexcitable cells.

Also, Ibrahim [8] showed that the increase in theeteic conductivity of the
exposed cells is due to the changes in the dipmiestation of their membrane
components, which lead to conformational changélsérmembrane structure.

The genotoxic effects of extremely low frequencypower (50 — 60 Hz)
have been investigated in a variety of systems; mbthese studies reported no
effects [15]. However, Ma and Chu [11] found areeffon developing embryos of
the fruit fly (Drosophila melanogaster L.), development as well as survival rates
were influenced. Also, Fawzia [3] found that thegmsficant frequency of
chromosomal aberrations and the micronuclide inblbed of the mice increased
after exposing the mice to the electric field.

CONCLUSION

Exposure to extremely low frequency electric fiedttould be considered as
pollutants to the environment, since it has beensithat it affected the properties
of the biological cells. Research studies on tha@obical effects of such fields
encourage helping in finding out means of minimigiheir hazardous effects.
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