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ABSTRACT 

     As an indication of the effect of the electric field on each of the dielectric properties 
and the molecular structure of the serum protein of the mice blood, an electric field of 
a 6 kv/m strength and 50 Hz frequency was directed to three groups of mice for 
exposure periods 30, 45 and 60 days respectively, and investigated directly. Another 
group was exposed to also 60 days, but investigated after 30 days from switching off 
the electric field for delayed effect studies.  
     The molecular structure of the serum protein was studied by measuring each of the 
dielectric relaxation and the electric conductivity in the frequency range 0.1 →5 MHz 
at 4 ± 0.5 ºC and the dielectric increment (∆ε`), relaxation time (τ) and average 
molecular radaii (r) were calculated for all groups. The absorption spectra of the 
extracted protein were also measured in the wavelength range 200 → 600 nm. 
     Moreover, electrophoresis of enzymes B-esterase, lactate and Malate 
dehydrogenase extracted from the blood serum of exposed mice were taken by using 
the gel electrophoresis technique. 
     The results indicated that exposure of the animals to 50 H, 6 kv/m electric field 
resulted in the decrease of serum protein permittivity values and increase its 
conductivity a fact that indicates pronounced changes in the molecular structure of 
total serum protein the exposed mice. In addition,  the intensity of the absorption 
spectral bands of  serum protein of  exposed mice were found to decrease relative to 
unexposed mice. Also the enzymes B-esterase and lactate dehydrogenase were slightly 
affected by exposing to the electric field whereas their number of bands and their 
intensities changed relative to the unexposed mice but the malate dehydrogenase was 
not affected. 

 
Key words: Low frequency electric field - serum protein - dielectric 
relaxation- Gel electrophoresis. 

 

INTRODUCTION 

  
     Possible health effects of exposure to low frequency low intensity electric and magnetic fields are 
receiving increased interest. This is mainly attributed to its guide in throwing light on unsolved 
biological problems such as irregular cell division. Winterhaller(1) mentioned that the short electric 
field pulses induced breakdown in the membrane and increase the membrane conductivity. Eman(2) 
reported changes in the dielectric relaxation and electric conductivity of the extracted protein 
molecules from the exposed mammalian eye (5kV/m).  
      
      Ibrahim(3)  stated  that application of small d-c electric field intensities (1-5 V/m) on erythrocytes 
increased  their electric conductivity. The author attributed this to the production of dipoles in the 
membranes of erythrocytes leading to changes in their dipolar orientation. 
  
      On the other hand, Walter, Macginitic, Laberge (4, 5, 6); proved that  electric field inhibited the 
biological  properties of the membrane  protein. The biological effect of such field (6kV-50Hz) on the 
bone marrow of the mice was investigated by  Fawzia (7). Significant higher frequency of the 
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chromosomal aberrations and the micronuclei polychromatic erythrocyte increased by increasing the 
time of exposure. 
 
      Grota (8) found that serum melatonin levels decreased  by electric field exposure, suggesting the 
possibility of degradation or tissue uptake of melatonin is stimulated by exposure to electric fields. 

 
      Because of the presence of so many high voltage transmission lines in public places producing 
considerably strong electric fields, the present study was performed to evaluate the effect of 50 Hz, 6 
kV/m electric fields on each of the dielectric properties of the total serum protein in the frequency 
range 1  5MHz at 4 ± 0.5°C .as well as constituents of  blood serum of exposed  mice,  such as B-
esterase, lactate and Malate dehydrogenase  using electrophoresis technique, and also absorption 
spectra of total serum protein in the wave length 200 – 600nm was measured. 
 
        In order to investigate the recovery capability of mice,  another group was investigated after 30 
days from finishing  exposure to the electric field..  

 
MATERIALS AND METHODS 

1- Animals : 
 
      In the present study,  twenty  male mice, age of 3 months and weighing 30 ± 2 gm, were divided to 
five equal groups . Mice were obtained from Animal House, Faculty of Veterinary Medicine, Zagazig 
University, and housed in a plastic cages and fed on a commercial diet. Food and water were available 
ad-libitum.  
 

2- Electric field facility: 
      Extremely low frequency of electric field strength of 6kV/m and frequency of 50Hz was generated 
between two parallel aluminum electrodes of dimensions 60×50×0.2cm fixed vertically at both sides 
of the mice. 
 The electric field was derived directly from 50Hz high voltage set-up transformer, the 
apparatus is shown in fig (1). 

Figure (1): Electric field facility (a & b aluminum electrods)  
50 Hz/6kV/m 
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3- Exposure procedure. 
One of the five mice groups was left away as  control. Other  three  groups were exposed for 

periods of 30, 45, 60 days respectively, then investigated directly  at the end of exposure. For testing 
the delay effect, the fifth  group  was exposed to 60 days to the electric field, but  investigated after 30 
days from switching off the  field.   
4- Preparation of total serum protein: 
 From each mouse one ml of peripheral blood was obtained by microhaematocrite tube from 
ocular vein of living mice and centrifuged at 3000 rpm. for 30 min. After centrifugation the 
supernatant serum was removed carefully with micropipitte. The total protein in serum was estimated 
by means of Biuret reaction, according to the technique of Weichselbaum (9) and transferred to new 
eppendorf tubs and kept in deep freezers until use. 
 

5- Enzym extraction: 
 From each mouce,  0.2ml of the serum was first added to 1 ml of 70% ethanol in Eppendorf 
tubes and placed overnight in the a refrigerator. The mixture was vortexed for 1 sec and centrifuged at 
12,000 at 4ºC for 15 min. The supernatant was transferred to a new Eppendorf tube and kept in deep 
freezer until use. 
 
6- Gel electrophoresis: 
 Native Polyacrylamide Gel Electrophoresis (PAGE) was used to identify the serum sample 
extracted from each of 19  mice (the number of the gel columns are 19 only) by their enzymes 
fingerprints such as B-esterase (EST), lactate dehydrogenase (Ldh) and malate dehydrigenase (Mdh). 
enzyme fractions were performed on vertical slap (19.8 cm × 26.8 cm × 0.2 cm) according to 
Stegmann (10). The gel was stained after electrophoresis and incubated at 37ºC in the dark for complete 
staining after adding the appropriate substrate and staining solution (11). 
 
7- Gel Analysis: 
 Gel were photographed using a 35 mm color film (100 ASA), and then gels were scanned with Bio-Rad 
Video Densitometer Model 620 and IBM compatible personal computer 165-2072 at a wave length of 577 nm. 
 
8- Dielectric measurements:  

The extracted total serum protein was diluted with bidistilled water at a ratio 1:20 by volume. 
 The dielectric properties of the extracted protein were measured in the frequency range 100 
KHz to 5 MHz using a loss factor meter and a cell type PW 950/60. The cell has two parallel squared 
platinum black electrodes of 0.8 cm side each and  area .64 cm2 (A). and 1 cm separation distance (d),   
 Dielectric measurements for the samples were carried out at fixed temperature of 4°C using an 
incubator. The relative permittivity /ε  (dielectric constant), of the sample is defined as the ratio of the 
capacity measured with the sample to that measured by the cell in vacuum. The dielectric loss ( //ε ) is 
the part of the energy of an electric field that is dissipated irrecoverably as heat in the dielectric.  

The value of /ε , //ε  and the conductivity S sec –1  were calculated from measurements of the 
sample capacitance and resistance, Hanafy (12).  
 
 The difference between the value /ε s and /ε ∞ at low and high frequency is called “The 

dielectric increment ∆ε' = ( /ε s - /ε ∞) (13) . 
 The spectrum of biological macromolecules as protein at high frequency (Handreds of 
Kilohertz region) is know as β dispersion which comes from the polarization of protein and other 
organic macromolecules(14).  
 
The a.c conductivity S ( s-1 ) was calculated from the equation (15)  

                        S = πεω
ε
σ 2

0

=′′= f ε''                                   (1) 

where ε0 is the permittivity of free space and σ  is the actual conductivity. 
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The average molecular radius of the protein molecule was estimated using equation 2, Polk and 
Postow (15). 

                         r
3
 = 

πη
τ

 4
kT

           (2) 

 Where k is Boltzmann constant, T is the absolute temperature,   
η is the viscosity of the protein solution and τ the relaxation time, namely, the time at which the 
dielectric molecule is able to relax under the effect of the applied field and calculated from the relation  

                                  
cf  2

1  
π

=τ                                    (3) 

Where fc is the critical frequency corresponding to the mid-point of the dispersion curve.   

 
RESULTS AND DISCUSSION 

 

     The studies presented here provides guidance for the assessment of occupational and public health 
significance of exposure to ELF (electric field) and to indicate area that may be hazardous. 
 
     The hazardous effect of electric field on all body functions may be due to change in character of 
metabolic process of the cell involved, which may lead finally to the cell death or its transmutation (16). 
 
     To get better understanding of interaction mechanism of the electricfield with biological systems 
Tenforde (17) mentioned that an extremely low frequency electric  field induces electrical potentials 
and a  resultant current flows in the aqueous medium that surrounds the living cells giving rise to 
electrochemical alterations in  the cell membrane surface.  
 
     Saunders (18) introduced a mechanism for this biological interaction . They  proposed  that electric 
field induce an electric charge on the surface of conducting bodies such as animals, humans. An 
electric charge on the surface of the bodies induces electrical potentials within tissue giving rise to a  
current flow. In the extremely low frequency range < 300 Hz,  the electrical impedance of cell 
membrane is high. The flow of current mainly through the extra cellular fluid of tissue induces 
changes in the electrical potentials that exits across cell membranes and affects electrically excitable 
tissue 
 
      The changes in the molecular structure of the total serum protein of the animal blood after 
exposure to different periods of electric field may be considered as simulates for the human that may 
exposed to electric field. 
 
      The variation of the permittivity (electric  constant) ε ′as a function of the frequency  for the total 
serum protein of the mice groups 1, 2, 3, 4 & 5 are given in Fig. (2). It is clear from the figure that the 
permittivity ε ′passed through a dielectric dispersion and has a higher value. The decrease in the 
values of ε ′observed in this figure is seen to be  accompanied by an increase in the value of 
conductivity, S (Fig. 4), which is in complete agreement with Krong  suggestion (19).  
 
      The presence of a dielectric dispersion in the frequency range 105 – 107 for the protein used agrees 
with the previous finding of Grant (20) for other types of proteins. 
 
      The important property of that biological material is its extremely high dielectric constant έ in 
comparison with most inanimate matter (21). The authers reported that high magnitude is due to 
counter-ion polarization. 
 
      The variation of the dielectric loss ε ′′ as a function of the frequency for the all the total serum 
protein samples are shown in Fig. 3. 
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      It is clear from the figure that the middle point of the dispersion curve (at the critical frequency fc) 
was changed from one treatment to another as compared with the control sample and then resulted in 
changes in the relaxation time τ of the samples (eq. 2). The  increase in the relaxation time of the 
protein molecules extracted from the blood serum of exposed mice,  known to be an indication for 
changes in the average molecular radii of such molecules (eq. 2).  
 
      The variation of the conductivity S =

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

0ε
σ for all the groups as a function of the applied 

frequency are shown in Fig. (4). It is clear that the electric conductivity of the total serum protein 
molecules of the exposed groups is larger than the control group this result is in a good agreement with 
Ibrahim (3).  
 
      The electric conductivity of the protein molecules of the exposed groups are larger than the 
unexposed. Then exposure to electric field induces changes in the electrical potential across cell 
membrane and produce electrically excitable cells (22). 
 
      The values of the relaxation time τ (µsec), the average molecular radii R(nm), the dielectric 
increment ε ′∆ and the electric conductivity S(s-1) were calculated from the data in the figures and by 
using the equation 1, 2, 3 for all the samples and given in table 1 . 
 

Table (1) : Values of dielectric increment ( ε∆ ), conductivity S(s-1), relaxation time τ (µsec) and 
average molecular radii (R) (nm) for total serum protein of exposure and unexposure mice. 

 

Exposure periods 
Dielectric 
increment 

ε∆  

Conductivity 
S(sec-1) ×108 

Relaxation 
time τ (µsec) 

Average 
molecular 

radii R (nm) 

Control 6000±180 15±0.5 0.398 2.251 

30 days 4800±144 21±0.6 0.454 2.432 

45 days 4400±142 25±0.62 0.530 2.510 

60 days 3600±108 35±0.9 0.636 2.560 

30days post exposure 5000±150 17.5±0.3 0.353 2.150 
 
     The values of the dielectric increment ( )∞′−′=′∆ εεε s  for the mice exposed for 30 day is seen to 
be the  lowest for the other mice,  and increased by increasing exposure periods. 
 
     The changes in the value of ∆ε′ are functions of changes in the dipole moment of the 
macromolecules which will consequently depend on the center of mass of the charge distribution and 
the (13), may be concluded that there are some biochemical process run within the protein molecules 
resulting from the interactions of the electric field lines with it which may cause rearrangement of its 
charge distribution.  
 
     Also the variation in the surface charge may cause the receptors on enzyme to be more sensitive to 
potential changes (18).  
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Fig. (2) : The variation of the dielectric 
constant /ε for all the total serum 
protein groups as a function of the 

applied frequency. 

Fig. (3) : The variation of the dielectric 
loss ε ′′ for all the total serum protein 

groups as a function of the applied 
frequency. 

Fig. (4) : The variation of the conductivity S(sec-1) 
for all the total serum protein groups as a function 

of the applied frequency. 

Fig. (5) : shows the absorption spectra of 
the total serum protein after different 

exposure periods of electric field. 
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      Fig. (5) represents the absorption spectra of the total serum protein for all the groups. The result 
indicate that the extracted protein from the control group are characterized by absorption bands at 245, 
295, 390, 530 and 575 nm and the figure illustrate continued decrease in the intensity of each bands 
for the exposed other groups. In the test of  enzymes electrophoresis of B-esterase (EST), lactate 
dehydrogenase (Ldh) and malate dehydrogenase (Mdh) extracted from blood serum of mice exposed 
to ELFE, the data is recorded in Tables 2 -4 and Fig. (6). 
 
      Fig. 6A shows  β-Esterase electrophoresis patterns of  the blood serum of  the investigated 
groups.These pattern contain 19 gel columns, 1 gel column per each mouse, i.e., each sample. The gel 
electrophoresis analyzed with densitometers (Table 2) to define the intensity of the enzymes in the 
bands. Fig. 6A and Table 2 show β-esterase electrophoresis patterns. A total of six bands were present 
in some samples  and absent in the others (polymorophic). The first three columns  are for the control 
group ( 1-3), while the other 16 columns are for the other four groups ( 4-7, 8-11, 12-15  and 16-19). 
The three  columns of the control group are found to be unique in band number  5 only, which was 
present in all samples (monomophic) and could be considered as common band for all studied 
samples. 
 
      For group 2,  two bands appeared in band numbers 2 and 4 beside the common band 5 ( gel 
columns 4-7). For group 3 ( gel column 8-11), one more band appeared in band number 6 beside 
previously given bands. For group 4 ( gel columns 12-15),  more bands appeared in bands 1 and 3. For 
group 5 ( gel columns 16-19), bands 1 and 2 disappeared, while the others ( 3, 4 and 6) remained. 
These electrophoretic bands showed a wide variation in their intensities. 

 
      Such appearance and disappearance of bands were elsewhere,(23,24) attributed to the occurrences of  
either gene mutations or induction of cytological aberrations. 

 
      Fig. 6B shows Lactate dehydrogenase electrophoretic patterns which are  analyzed with 
densitometer and given in table 3. Two polymorphic bands with different intensities appeared among 
the 19 studied samples. Band  number 2 is seen to be monomorphic, while band number  1  is 
polymorphic for the control group ( gel columns 1-3). For group 2,  the 4 samples exposed for 30 d to 
ELFEF (4-7), band 1 appeared in sample 5 in addition to the common band number 2, but in sample 7, 
all bands disappeared. For group 3 ( samples 8-11) the  monomorphic band  number 2 disappeared 
from  the sample number 8. But band 2  appeared in samples number 9, 10 and 11. 

 
In group 4 ( samples 12-15) exposed to 60 days band number 2  disappeared from the two 

samplesw 13 and 14 and polymorphic band ( number 1 ) appeared in all samples 12-15. The 
monomorphic band , band  2, appeared again in  all samples in  group 5 and band number 1 appeared 
only  in samples 16 and 18.  

 
We noted that the frequency of 50 Hz and strength of 6kV/electric field induced variation in 

the electrophoretic patterns of β-esterase and lactate dehydrogenase in mice at periods 30, 45 and 60 d 
of exposure.  

 
Also, some bands with different intensities appeared and increased with increasing the time of 

exposure. In the mean time, most of the appeared bands disappeared in mice late 30 d after switching 
off the power supply of electric field from 60 d of exposure. 

 
This data indicates that the spark discharge of the electric field causes disturbance in the 

charge of the proteinic enzyme which leads to variation in their bands intensities. Moreover, these 
enzymes are the mean enzymes for the activity of the glycolytic enzymes that had a correlation with 
ATP which is necessary for DNA replication, cell division, and cell growth. 
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Table (2): Electrophoresis of the enzyme B-esterase in blood serum of mice exposed to ELFEF. 

Relative amount of enzyme B-esterase 
Group 1 Group 2 Group 3 Group 4 Group 5 

Number 
of 

bands 

Relative 
front 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
1 0.035             5.6       
2 0.074      24.8     15.8  7.2       
3 0.276             6.0   2.0    
4 0.381    11.0         9.0   2.2    
5 0.668 31.6 16.4 20.9 7.9 23.1 12.3 36.0 32.7 22.7 29.1 16.5 26.2 13.8 45.8 6.6 31.3 23.1 22.0 20.9 
6 0.841          2.6 2.6 2.1 2.1   2.0    

 
Table (3): Electrophoresis of the enzyme lactate dehydrogenase in blood serum of mice exposed 

to ELFEF. 
Relative amount of enzuyme lactate dehydraze 

Group 1 Group 2 Group 3 Group 4 Group 5 

Number 
of 

bands 

Relative 
front 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

1 0.0354     0.5    2.5 5.6 3.8 5.2   4.7 11  12.3  

2 0.606 7.6 16.9 15.9 23.1 16.9 20.1 - - 14.7 17.7 14.1 11.6 - - 17.8 19.5 7.0 10.3 26.9 

 
Table (4): Electrophoresis of the enzyme malate dehydrogenase in blood serum of mice exposed 

to ELFEF. 
Relative amount of enzyme malate 

Group 1 Group 2 Group 3 Group 4 Group 5 
Number 

of 
bands 

Relative 
front 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
1 0.0333 15.1 23.6 12.7 11.4 26.7 20.9 35.7 12.6 15 17.8 17.8 13.5 25.5 17.3 19.8 15.8 18.6 17.2 13.7 
2 0.609 23.4     15.6        3.9     9.7 
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Fig. (6): Native-PAGE of isozyme electrophoresis in blood serum of mice exposed to ELFEF. (A) 
β-esterase, (B) Lactate dehydrogenase, (C) Malate dehydrogenase. 

 On the other hand, it is to be  noted that malate dehydrogenase electrophoretic patterns, Fig. 
6c and table 4, were not affected with electric field.  

Malate dehydrogenase electrophoretic patterns of mice were photographed in Fig. 6C and 
analyzed with densitometer in Table 5. Showed that 2 polymorphic bands with different intensities 
appeared among the 19 studied samples. Band number 1 (monomorphic) while band number 2 
appeared in 1 samples of the control group, and well as in 1 samples from all groups exposed to 
ELFEF at all times of exposure except at 45 d of exposure where it was absent. 
 The genotoxic effects of extremely low frequency or power frequency (50-60 Hz) were 
investigated in a variety systems, Ma and Chu (25) found effect on developing embryos of the fruit fly 
(Drosophila melanogaster L.) development as well as survival rates were influenced. Micronucleus 
formation due to electric field has been investigated in some biological systems, but with conflicting 
results (26, 27). 
 

CONCLUSION 

 Exposure to extremely low frequency electric field should be considered as hazardous. The 
studies of the induced damaging effects of ELF on molecular basis of the biological system give 
indication of its hazardous effects. 
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