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Abstract. Static electric field (SEF) is permanently present in the environment and is
associated with the presence of electrical charges. The aim of this work is to study the effect of tap
water treated by static electric field on the liver and kidney function and on the complete blood count
of albino rats. The examined rats were divided into two groups, with 8 animals in each group, along
6 weeks. Group-1, the control group, consisted of animals that consumed untreated tap water.
Group-2 was composed of animals that consumed treated tap water that was exposed to a static
electric field of 160 kV/m for 24 hours. The results indicated that the mean level of aspartate
transaminase (AST) and alanine transaminase (ALT) activities and total bilirubin concentration were
slightly increased in group-2 which amounted to 13.73%, 1.86%, and 4.16% respectively compared to
group-1. On the other hand, there was a slight decrease in Hemoglobin concentration,
hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and
mean corpuscular hemoglobin concentration (MCHC), as well as erythrocyte counts (RBC) and
platelet (PLT) count in blood samples of group-2. Our results revealed a very significant change in
liver enzymes ALT, AST (p < 0.0001 and 0.0029, respectively) and no significant change in the total
bilirubin. Also, no significant differences were noted in kidney function test urea and creatinine
(p < 0.05).
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INTRODUCTION

The biological effects of static electric fields (SEF) on laboratory animals
have been observed under artificial conditions and at exceptionally strong fields
40–100 kV/m [1]. Several studies on the biological effects of external SEF were
performed at different levels and in different directions. The importance is due to
the fact that external SEF is one of several environmental factors under the
constant influence of which all biological objects exist and develop. SEF of natural
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origin is generated by the charge redistribution between the upper layers of the
atmosphere and the Earth's surface. The intensity of natural SEF near the Earth's
surface in fair weather is about 150 V/m [2].
Nowadays, the background level of the external SEF is increased due to the
widespread use of electric appliances, high-voltage DC transmission lines and
production of synthetic fabrics by the textile industry. In certain cases, the intensity
of the external SEF of technological origin can reach up to 500 kV/m [3].
Furthermore, an external SEF of exactly 200 kV/m alters the balance in pro/antioxidant processes. Whereas, the examination of the oxidative processes in
plasma and RBC (hemolysate and membranes) shows that the biological effects
depend on exposure time and the acute action of SEF characterized by activation of
the pro-oxidant processes [4, 5].
The water hydrogen bond structure improved with increasing strength of the
electric field that has been deduced from the radial distribution functions [6].
As shown by previous work, external SEF of 200 kV/m strength leads to
alterations in the pro-/antioxidant system of blood of rats. Acute action of SEF
characterized by the change of RBC content coincided with the activation of the
pro-oxidant processes in blood plasma and RBC. After long-term SEF exposure,
the situation changed: the RBC content increased and the antioxidant processes
prevailed [6].
In a study performed on mice, full-body exposure to SEF did not cause a
significant influence on learning ability, but caused memory impairment of
receptors. This impairment was dose-dependent and not causally linked to the
glutamate and gamma-aminobutyric acid levels in the hippocampus [7].
The impact of SEF on human bone marrow-derived mesenchymal stem cells
(hBM-MSCs) was studied for exposure times of up to 15 hours [8]. In this study,
the rate of cell migration towards the cathode was controllable depending on the
SEF intensities, providing a new opportunity for the utilization of SEFs in directed
scaffold colonization in vivo post implantation or in vitro for tissue engineering
applications [8]. The increase in superoxide dismutase (SOD) and thiobarbituric
acid reactive substances (TBARS) in the plasma, liver, lung, and kidney tissues
were found to depend significantly on the type of electric field and the exposure
period [9].
Theoretical and experimental results regarding cell membrane
permeabilization by externally applied electric fields show that the extent of
permeabilization is not only a function of electric field intensity and cell size, but
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also of cell shape. The theoretical results were confirmed by experimental data on
ovary cells, which are elongated [10].
A high-voltage electric field (333 kV/m) has been shown to raise the water
activity in bread dough, so ensuring a more efficient hydration of the gluten [11].
Rather unexpectedly, such electric fields (~1 MV/m) apparently increase water’s
surface tension by about 2% [12]. Electric fields were harmless up to transmission
voltages of 400 kV [13].

MATERIALS AND METHODS
STATIC ELECTRIC FIELD EXPERIMENTAL SETUP

The schematic diagram of SEF setup is represented in Figure 1 as a source of
high voltage. The parallel-plate capacitor is used to produce a homogeneous
electrical field. The distance between the plates can be adjusted up to a maximum
of 7 cm, measured with an accuracy of 0.1 cm.

Fig. 1. The external electrostatic field setup.

In this study, the distance between the plates was fixed to 6 cm and the value
of the applied voltage was fixed to 10 kV, which resulted in an electric field
strength of approximately E = 160 kV/m. The water container filled with tap water
of pH 7 was placed between the capacitor plates of homogeneous electric field E.
As a pre-study, we measured the conductivity and pH of treated water for different

92

M. Elywa

4

durations. A resistor of 100 MΩ electrical resistance was used to kill the current
and to obtain a static electric field.
CONDUCTIVITY AND pH MEASUREMENTS

Figure 2 shows the instruments that were used to measure the conductivity
and the pH of control fresh tap water and of the fresh water treated by SEF.
Figure 2 (A, B and C) shows the pH sensor, electric conductivity sensor and
Xplorer GLX (PS-2102 and PS-2116A, PS-2002, Pasco, USA). The pH Sensor was
found to be well-suited for continuous recording as well as for discrete
measurements.

Fig. 2. PASCO PASSPORT-compatible interface (Xplorer GLX).(A) to measure pH-values.
(B) to measure electrolytic conductivity. (C) the Xplorer GLX data logger [18].
BLOOD SAMPLING AND PROCESSING

All animal experiments were performed under the provision of local Ethical
Authority of Zagazig University. Adult male albino rats, weighing 90–120 g, were
obtained from the Experimental Animal Care Center and were housed in metabolic
cages under controlled environmental conditions (25 °C and a 12 h light/dark
cycle) one week before starting the experiment as acclimatization period. The
animals were fed a standard diet provided ad libitum.
After an acclimatization period of one week with standard basal diet, a total
of 16 rats were divided into two groups with 8 animals in each group.
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Group-1 (control): Animals were provided with tap water for 6 weeks.
Group-2: Animals were provided with treated water (electrostatic fields,
E = 160 kV/m) for 6 weeks.
COLLECTION AND SAMPLING OF BLOOD

At the end of the experimental period, the animals were fasted for 12 hours
and weighed. Animals were killed by cervical decapitation and blood (serum and
plasma) was collected according to the procedure described in ref. [15].
BIOCHEMICAL ANALYSIS

The liver enzymes alanine transaminase (ALT) and aspartate transaminase
(AST) were measured using a colorimetric assay kit [16]. Also, bilirubin level was
measured using the method presented in ref. [17]. Kidney function tests urea and
creatinine were performed via the methods described in references [18, 19].
Automated complete blood count (CBC) was also determined.
RESULTS

Figure 3 shows the values of the water conductivities and pH values during
exposure time from 20 min to 220 min. The measured conductivities, expressed in
micro Siemens/cm (µS/cm), were comparable to 298 µS/cm, the conductivity of
normal tap water (control). Moreover, the mean and standard deviation (SD) of the
treated water’s pH was 8.4 ± 0.082, whereas the pH of control is 7.2.

Fig. 3. The pH and EC versus SEF exposure time. Black diamonds refers to EC, whereas light gray
squares represent pH values according to the scale displayed on the right side.
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LIVER FUNCTION TESTS

This study also evaluated the effect of treated tap water on the rats. Table 1
indicates the systemic elimination or clearance of treated water from the rats. The
mean level of ALT, AST activities, and total bilirubin concentration shown to be
slightly increased in group-2 compared to the control group-1. ALT concentration
differed between the two groups with very high statistical significance (p < 0.0001,
change = 13.73%). AST also displayed a highly significant difference in means
(p < 0.0029, change = 1.86%) compared to control group-1.
In contrast, the mean total bilirubin of the treated group-2 was found to be
0.50 ± 0.02 mg/dL, not significantly different from the mean total bilirubin of the
control group-1.
Table 1
The results of liver function tests
Groups
Group-1 (control)
Mean ± SD
Group-2
Mean ± SD
% change
p-value

ALT (U/L)

AST (U/L)

T. bilirubin (mg/dL)

68.05 ± 16.9

160. 5 ± 24.37

0.48 ± 0.02

77.40 ± 14.04

163.45 ± 11.27

0.50 ± 0.02

13.73
0.0001

1.86
0.0029

4.16
0.405

p < 0.05 refers to significance; p < 0.005 indicates high significance; p < 0.0005 indicates very
high significance with respect to the control group-1.
KIDNEY FUNCTION TESTS

Data in Table 2 indicate that the mean levels of urea and creatinine
concentration were just slightly increased for group-2 compared to the control
group 1; no significant differences in kindey function were found between the two
groups (p < 0.05).
Table 2
Urea and creatinine concentrations
Groups

Urea (mg/dL)

Creatinine (mg/dL)

Group-1 (Mean ± SD)

18.50 ± 0.5

0.54 ± .048

Group-2 (Mean ± SD)

19.25 ± 1.03
4.05
0.189

0.55 ± 0.02
1.8
0.452

% change
p-value

p < 0.05 refers to significance with respect to the control group 1.
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COMPLETE BLOOD COUNT (CBC)

Table 3 shows that there was a slight but not significant decrease in
hemoglobin concentration (Hb), RBC, and MCH count in blood samples using
water treated group-2 in comparison to the control group-1 (p > 0.05). There was a
slight decrease and slight significance in HCT, MCV and MCHC count in blood
samples using water treated group-2 (p < 0.011 and p < 0.02, respectively).
White blood cell count showed a highly significant increase in treated water
group-2 which amounted to 26.5 % in comparison to the control group-1
(p < 0.0004). Also platelet counts suffered a highly significant increase
(p < 0.00006).
Table 3
The results of complete blood counts
Group-1
(control)

Group-2

change (%)

p-value

White blood cell
(103/mm3)

15.77 ± 4.16

19.95 ± 1.01

26.50

0.0004

Platelets (103/mm3)

673.5 ± 64.6

668 ± 50.24

0.82

0.00006

Red blood cells
(106/mm3)

7.11 ± 0.32

6.73 ± 0.57

5.34

0.3249

0.73

0.4521

3.29
3.62
6.44
7.06

0.0549
0.0106
0.1206
0.0235

Parameter /Groups

Hb (g/dL)
(Mean ± SD)
HCT (%)
MCV (fL)
MCH (pg)
MCHC (%)

13.55 ± 1.0
43.95 ± 1.97
63.55 ± 5.6
21.75 ± 4.11
31.85 ± 0.86

13.45 ± .16
42.5 ± 0.10
61.25 ± 0.58
20.35 ± 3.26
29.60 ± 0.64

p < 0.05 refers to significance; p < 0.005 indicates high significance; p < 0.0005 indicates very
high significance with respect to the control group 1.

DISCUSSION

In a study of water exposed to high-voltage electric field (570 kV/m), the
decrease of pH and the increase of the EC depended on the volume of water and
the period of treatment [20].
The biological impact of external SEF is a controversial scientific topic [21].
The therapeutic effects of franklisation apparently are based on the polarization of
the molecules of dielectric in biological tissues, electrification of conductive
structures with the advent of micro currents, which leads to a redistribution of ions
in the area of action and development of irritation effects. An additional effect is
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the inhalation of negative ions, which are generated near the electrode of negative
polarity [22].
Our results revealed that there was a highly significant change in liver
enzymes ALT, AST and no significance occurred in the total bilirubin. Also, no
significant difference was found in kidney function tests (urea and creatinine levels
in blood (p < 0.05). This result is in disagreement with [23], which reported that no
biological effects are possible for these fields.
A previous study [24] stated that after SEF exposure of rats their red blood
cell count did not differ significantly from that of the control group. This finding is
in agreement with our results on red blood cell count, although in our experiments
the animals were not exposed to SEF; instead, they consumed water treated with
SEF. Our study showed a significant increase in WBC count, which amounted to
26.5 % with very high significance.

CONCLUSION

In this work, we studied the in vivo effects of water treated by a static electric
field of 160 kV/m in intensity, as revealed by blood tests of rats that consumed the
treated water. Our experiments showed that the mean level of ALT, AST, and total
bilirubin concentration increased compared to the control group (the group of
animals that consumed untreated tap water). Also, there was a slight decrease in
hemoglobin concentration, HCT, MCV, MCH, MCHC, RBC and PLT tests. Our
experiments showed significant differences in liver function, but not in kidney
function.
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