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 Background: Biological effects are measurable responses to a stimulus or to a change 

in the environment. A wide range of environmental influences causes “biological 

effects” which are not equal “health hazard”. Short-term exposure to very high levels of 

electromagnetic fields can be harmful to health. At least some of health problems may 

be caused in the environment close to high voltage transmission lines. Objective: The 

aim of this study was to estimate in experimental model the influence of long-term, 
whole-body exposure to strong static electric fields generated usually near high voltage 

constant current transmission lines on carbohydrates metabolism in blood and 

homogenates of liver tissue of experimental animals. Results: The results of 
measurements presented as mean values for particular groups were subjected to 

statistical analysis by means of analysis of variance with subsequent detailed analysis of 

differences between particular groups by means of post-hoc U-Mann-Whitney’s test. 
Analyzed were contents of glycogen, LDH, ICD, G6PDH, SDH, FDPA, MDH and 

GLDH in liver homogenates as well as serum concentration of insulin in rats. 

Conclusion: Based on test results it was confirmed that long-term exposure of rats to 
strong static electric fields causes transient decrease in serum glucose concentration 

probably due to stimulation of excretion of insulin in the course stress reaction caused 

by electric field action. In addition appear the subsequent compensatory changes of the 
activity of glucose metabolizing enzymes and transitory decrease in glycogen contents 

in liver tissue in the initial phase of exposure cycle, enabling the maintenance of 

homeostasis of carbohydrates metabolism. 
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INTRODUCTION 

 

The results of experimental studies proved that different forms of electric field affect significantly activity 

of glucose metabolizing enzymes and activity of some endocrine glands excreting hormones regulating the level 

of blood glucose and the contents of glycogen in liver tissue and muscles (Adeghate et al. 2001), (Gorczyńska et 

al. 1991), (Harakawa et al. 2004), (Jolley et al. 1983), (Kula et al. 1999), (Kumosani et al. 2003), (Laitl-

Kobierska et al. 2002), (Milch et al. 2004), (Portet et al. 1981), (Sakurai et al. 2004). The divergence of 

obtained experimental results regarding disturbances of carbohydrate metabolism in animals’ tissues under the 

influence of electromagnetic field is related mainly to different physical parameters of electric field and 

experimental models used by particular authors. In recent years transport of electric power using air High 

Voltage Direct Current transmission lines becomes very common (Chartier et al. 1989), (Maruvada et al. 1982). 

So far in available literature there are lacking reports presenting the results of experimental studies dealing with 

the influence of strong static electric fields on carbohydrates metabolism, though in our opinion research 

regarding this problem is of a great importance. The aim of the study was to estimate the influence of static 

electric fields with physical parameters generated nearby High Voltage Direct Current transmission lines on 

carbohydrates metabolism in blood and homogenates of liver tissue of experimental animals. 
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MATERIAL AND METHODS 

 

A. Experimental Animals: 

Experimental material consisted of 64 male Wistar albino rats aged 6 weeks, weighting about 150 g. During 

the whole experiment all animals were placed in identical environmental conditions (constant temperature 22 ± 

1°C and humidity of air) under a 12 h light-dark cycle) and fed with standard laboratory pellet food Labofeed B 

(15 g per day) and free access to tap water. All animals were randomly divided into 2 equal groups with no 

significant differences in body weight. 

  

B. Exposure to Static Electric Field: 

The animals from experimental group were exposed for 56 consecutive days (8 hours daily, alternatively 

between 7:00÷15:00, 15:00÷23:00 and 23:00÷7:00) to static electric field in a specially designed experimental 

system consisting of autotransformer, high voltage transformer 220V/60000V, cascade rectifier, water rheostat, 

2 electrodes with round shape and specially profiled edges placed in a distance of 50 cm from each other, typical 

plastic cage placed between both electrodes containing 8 animals at a same time and magnetostatic kilo-

voltmeter (Fig. 1). 

 

 
 

 

Fig. 1: Picture of experimental system during exposure of animals placed in cage to static electric field 

generated between round electrodes. P - cascade rectifier, RW - water rheostat, E – round electrodes, C 

– plastic cage 

 

Two weeks before the beginning of exposure cycle rats from both groups were adapted to new 

environmental conditions in room, in which subsequently whole experiment was performed. This adaptation 

process and optimal conditions in a specially designed room enabled to exclude the influence of other factors 

than electric field action on activity of carbohydrates metabolism of animals. As in previous experiment (Cieslar 

et al. 2013) we analyzed the intensity value of 25 kV/m, which is a typical value observed in „corridor” of 

HVDC transmission lines, in present study the rats from experimental group were exposed to static electric field 

CC 
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with intensity of 35 kV/m, that conforms to top level of electric field intensity, which occur sometimes in close 

proximity of electric field transmission lines in especially unfavorable weather conditions (Bracken, 1989), 

(Manco et al. 2001). The control animals were subjected to sham-exposure in the same experimental system, 

without generation of electric field between electrodes. 

 

C. Laboratory Analyses: 

At 14
th

, 28
th

 and 56
th

 day of exposure cycle and then at 28
th

 day after the end of the cycle, every time 8 

animals from both groups were starved by 24 hours and then anaesthetized with use of Morbital narcosis (50 

mg/kg of body weight i.p.) between 8:00 and 10:00 a.m. After surgical opening of chest and collecting blood 

from the left heart ventricle, the abdominal cavity was opened and liver samples were taken. Then the collected 

blood (6-8 ml) was decanted and centrifuged and in obtained serum the concentrations of glucose and insulin, 

were estimated by means of routine methods. In the homogenates prepared from the obtained liver samples by 

means of typical procedure, the contents of glycogen as well as the activities of carbohydrate metabolizing 

enzymes as: lactate dehydrogenase (LDH), isocitrate dehydrogenase (ICD), malate dehydrogenase (MDH), 

glucose-6-phosphate dehydrogenase (G6PDH), sorbitol dehydrogenase (SDH) fructose-1,6-diphosphate aldolase 

(FDPA) and glutamate dehydrogenase (GLDH), were measured by means of routine laboratory methods.  

 

D. Statistical Analysis: 

The results of measurements presented as mean values ± SEM for particular groups were subjected to 

statistical analysis by means of analysis of variance (Kruskal-Wallis ANOVA test) with subsequent detailed 

analysis of differences between particular groups by means of post-hoc U-Mann-Whitney’s test. 

 

Results: 

At 14
th

 and 28
th

 day of exposure cycle mean serum concentrations of glucose in electric field-exposed rats 

were significantly lower in comparison with control group (by 19,2% and 15,1%, respectively). At 56
th

 day of 

exposure cycle and 28
th

 day after the end of the cycle mean serum concentration of glucose in both groups of 

rats did not differ significantly (Table I).  

 
Table I: Serum Concentration of Glucose (Mean Value  ± SEM) in Rats  Exposed to Static Electric Field in Particular Days of Exposure 

Cycle, with Statistical Comparison to Control Sham-Exposed Rats 

Day of  

Experiment 

Electric Field- Exposed Group 
of Rats 

Mean value ± SEM 

Control Sham-  
Exposed Group of Rats 

Mean value ± SEM 

Statistical  

Significance 

14th day  of exposure cycle 64.72 ± 2.79 80.13 ± 4.49 p = 0.012 

28th day  of exposure cycle 116,26 ± 4.69 136.87 ± 6.01 p = 0.027 

56th day  of exposure cycle 90.62 ± 11.63 122.58 ± 11.95 p = 0.074 

28th day  after  end of exposure 

cycle 

146.16 ± 4.47 126.52 ± 9.39 p = 0.128 

 

At 14
th

 day of exposure cycle mean serum concentration of insulin in electric field-exposed rats did not 

differ significantly in comparison with control group. At 28
th

 day of exposure cycle mean serum concentration 

of insulin in electric field-exposed rats was significantly higher in comparison with control group (by 67,0%). 

At 56
th

 day of exposure cycle and at 28
th

 day after the end of the cycle mean serum concentrations of insulin in 

both groups of rats did not differ significantly (Table II). 

 
Table II: Serum Concentration of Insulin (Mean Value  ± SEM) in Rats  Exposed to Static Electric Field in Particular Days of Exposure 

Cycle, with Statistical Comparison to Control Sham-Exposed Rats 

Day of  

Experiment 

Electric Field- Exposed Group 

of Rats 
Mean value ± SEM 

Control Sham-  

Exposed Group of Rats 
Mean value ± SEM 

Statistical  

Significance 

14th day  of exposure cycle 1.006 ± 0.131 0.852 ± 0.104 p = 0.294 

28th day  of exposure cycle 2.202 ± 0.319 1.318 ± 0.150 p = 0.046 

56th day  of exposure cycle 0.617 ± 0.084 0.407 ± 0.044 p = 0.208 

28th day  after  end of exposure  
cycle 

0.892 ± 0.083 0.853 ± 0.223 p = 0.529 

 

At 14
th

 and 28
th

 day of exposure cycle mean contents of glycogen in liver homogenates of electric field-

exposed rats were significantly lower in comparison with control group (by 66,9% and 54,0%, respectively). At 

56
th

 day of exposure cycle and 28
th

 day after the end of the cycle mean contents of glycogen in liver 

homogenates in both groups did not differ significantly (Table III).  
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Table III: Contents of Glycogen in Liver Homogenates (Mean Value  ± SEM) in Rats  Exposed to Static Electric Field in Particular Days of 

Exposure Cycle, with Statistical Comparison to Control Sham-Exposed Rats 

Day of  
Experiment 

Electric Field- Exposed Group 

of Rats 

Mean value ± SEM 

Control Sham-  

Exposed Group of Rats 

Mean value ± SEM 

Statistical  
Significance 

14th day  of exposure cycle 2.013 ± 0.366 6.078 ± 0.584 p = 0.002 

28th day  of exposure cycle 2.030 ± 0.328 4.418 ± 0.433 p = 0.002 

56th day  of exposure cycle 2.085 ± 0.400 2.328 ± 0.437 p = 0.600 

28th day  after  end of exposure 

 cycle 

2.975 ± 0.498 2.006 ± 0.395 p = 0.115 

 

During whole exposure cycle and at 28th day after the end of the cycle mean activity of LDH in liver 

homogenates of electric field-exposed rats was significantly lower in comparison with control group (by 81,7%, 

94,0%, 67,1% and 47,4%, respectively) (Table IV). 

 
Table IV: Activity of  LDH in Liver Homogenates (Mean Value  ± SEM) in Rats  Exposed to Static Electric Field in Particular Days of 

Exposure Cycle, with Statistical Comparison to Control Sham-Exposed Rats 

Day of  

Experiment 

Electric Field- Exposed Group 

of Rats 

Mean value ± SEM 

Control Sham-  

Exposed Group of Rats 

Mean value ± SEM 

Statistical  

Significance 

14th day  of exposure cycle 0.882 ± 0.160 4.822 ± 0.669 p = 0.009 

28th day  of exposure cycle 0.402 ± 0.091 6.648 ± 0.311 p = 0.001 

56th day  of exposure cycle 1.439 ± 0.318 4.368 ± 0.207 p = 0.001 

28th day  after  end of exposure 
 cycle 

3.075 ± 0.468 5.844 ± 0.575 p = 0.005 

 

At 14
th

 day of exposure cycle mean activity of ICD in liver homogenates of electric field-exposed rats was 

significantly higher in comparison with control group (by 46,1%). At 28
th

 and 56
th

 day of exposure cycle and at 

28
th

 day after the end of the cycle mean activity of ICD in liver homogenates in both groups of rats did not differ 

significantly (Table V). 

 
Table V: Activity of  ICD in Liver Homogenates (Mean Value  ± SEM) in Rats  Exposed to Static Electric Field in Particular Days of 

Exposure Cycle, with Statistical Comparison to Control Sham-Exposed Rats 

Day of  

Experiment 

Electric Field- Exposed Group 
of Rats 

Mean value ± SEM 

Control Sham-  
Exposed Group of Rats 

Mean value ± SEM 

Statistical  

Significance 

14th day  of exposure cycle 474.33 ± 34,36 324.75 ± 14.25 p = 0.006 

28th day  of exposure cycle 402.28 ± 32.26 324.45 ± 32.75 p = 0.141 

56th day  of exposure cycle 349.12 ± 25.17 312.14 ± 16.88 p = 0.208 

28th day  after  end of exposure  

cycle 

397.81 ± 25.88 426.57 ± 22.56 p = 0.249 

 

At 14
th

 day of exposure cycle mean activity of G6PDH in liver homogenates in both groups of rats did not 

differ significantly. At 28
th

 day of exposure cycle mean activity of G6PDH in liver homogenates of electric 

field-exposed rats was significantly higher in comparison with control group (by 78,8%). At 56
th

 day of 

exposure cycle mean activity of G6PDH in liver homogenates of electric field-exposed rats was significantly 

lower in comparison with control group (by 45,1%). At 28
th

 day after the end of the cycle mean activity of 

G6PDH in liver homogenates in both groups of rats did not differ significantly (Table VI). 

 
Table VI: Activity OF G6PDH in Liver Homogenates (Mean Value ± SEM) in Rats Exposed to Static Electric Field in Particular Days of 

Exposure Cycle, with Statistical Comparison to Control Sham-Exposed Rats 

Day of  

Experiment 

Electric Field- Exposed Group 
of Rats 

Mean value ± SEM 

Control Sham-  
Exposed Group  

of Rats Mean value ± SEM 

Statistical  

Significance 

14th day  of exposure cycle 1494.9 ± 30.2 1199.9 ± 92.2 p = 0.074 

28th day  of exposure cycle 2138.7 ± 366.8 1196.1 ± 90.5 p = 0.016 

56th day  of exposure cycle 505.9 ± 40.2 921.3 ± 61.1 p = 0.001 

28th day  after  end of exposure 

 cycle 

868.9 ± 88.8 754.7 ± 142.5 p = 0.529 

 

At 14
th

 and 28
th

 day of exposure cycle mean activity of SDH in liver homogenates of electric field-exposed 

rats was significantly lower in comparison with control group (by 29,5% and 24,7%, respectively). At 56
th

 day 

of exposure cycle and at 28
th

 day after the end of the cycle mean activity of SDH in liver homogenates in both 

groups of rats did not differ significantly (Table VII).  

At 14
th

 day of exposure cycle mean activity of FDPA in liver homogenates in both groups of rats did not 

differ significantly. At 28
th

 and 56
th

 day of exposure cycle mean activity of FDPA in liver homogenates of 
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electric field-exposed rats was significantly lower in comparison with control group (by 9,7% and 10,6%, 

respectively). At 28
th

 day after the end of the cycle mean activity of FDPA in liver homogenates of electric 

field-exposed rats was significantly higher in comparison with control group (by 21,9%) (Table VIII). 

During whole exposure cycle and at 28
th

 day after the end of the cycle mean activity of MDH in liver 

homogenates in both groups of rats did not differ significantly (Table IX). 

At 14
th

 day of exposure cycle mean activity of GLDH in liver homogenates in both groups of rats did not 

differ significantly. At 28
th

 day of exposure cycle mean activity of GLDH in liver homogenates of electric field-

exposed rats was significantly lower in comparison with control group (by 35,8%). At 56
th

 day of exposure 

cycle and at 28
th

 day after the end of the cycle mean activity of GLDH in liver homogenates in both groups of 

rats did not differ significantly (Table X). 

 
Table VII: Activity of  SDH in Liver Homogenates (Mean Value  ± SEM) in Rats  Exposed to Static Electric Field in Particular Days of 

Exposure Cycle, with Statistical Comparison to Control Sham-Exposed Rats 

Day of  

Experiment 

Electric Field- Exposed Group 
of Rats 

Mean value ± SEM 

Control Sham-  
Exposed Group  

of Rats Mean value ± SEM 

Statistical  

Significance 

14th day  of exposure cycle 0.863 ± 0.083 1.225 ± 0.118 p = 0.021 

28th day  of exposure cycle 0.979 ± 0.033 1.298 ± 0.055 p = 0.002 

56th day  of exposure cycle 1.228 ± 0.084 1.418 ± 0.046 p = 0.227 

28th day  after  end of exposure 0.754 ± 0.079 0.911 ± 0.046 p = 0.115 

 

Table VIII: Activity of  FDPA in Liver Homogenates (Mean Value  ± SEM) in Rats  Exposed to Static Electric Field in Particular Days of 
Exposure Cycle, with Statistical Comparison to Control Sham-Exposed Rats 

Day of  

Experiment 

Electric Field- Exposed Group 

of Rats 
Mean value ± SEM 

Control Sham-  

Exposed Group  
of Rats Mean value ± SEM 

Statistical  

Significance 

14th day  of exposure cycle 6.739 ± 0.377 5.827 ± 0.185 p = 0.074 

28th day  of exposure cycle 5.369 ± 0.152 5.944 ± 0.193 p = 0.021 

56th day  of exposure cycle 4.845 ± 0.161 5.418 ± 0.204 p = 0.046 

28th day  after  end of exposure  5.827 ± 0.292 4.778 ± 0.214 p = 0.005 

 
Table IX: Activity of  MDH in Liver Homogenates (Mean Value  ± SEM) in Rats  Exposed to Static Electric Field in Particular Days of 

Exposure Cycle, with Statistical Comparison to Control Sham-Exposed Rats 

Day of  

Experiment 

Electric Field- Exposed Group 
of Rats 

Mean value ± SEM 

Control Sham-  
Exposed Group  

of Rats Mean value ± SEM 

Statistical  

Significance 

14th day  of exposure cycle 15.27 ± 0.92 14.58 ± 0.71 p = 0.753 

28th day  of exposure cycle 12.11 ± 0.21 12.94 ± 0.51 p = 0.208 

56th day  of exposure cycle 12.70 ± 0.28 13.55 ± 0.42 p = 0.115 

28th day  after  end of exposure 14.64 ± 0.59 13.97 ± 0.36 p = 0.753 

 

Table X: Activity of  GLDH in Liver Homogenates (Mean Value  ± SEM) in Rats  Exposed to Static Electric Field in Particular Days of 

Exposure Cycle, with Statistical Comparison to Control Sham-Exposed Rats 

Day of  
Experiment 

Electric Field- Exposed Group 

of Rats 

Mean value ± SEM 

Control Sham-  

Exposed Group  

of Rats Mean value ± SEM 

Statistical  
Significance 

14th day  of exposure cycle 158.03 ± 10.47 143.34 ± 7.56 p = 0.248 

28th day  of exposure cycle 74.69 ± 3.91 114.58 ± 16.73 p = 0.012 

56th day  of exposure cycle 132.44 ± 12.15 103.31 ± 8.70 p = 0.093 

28th day  after  end of exposure 116.44 ± 13.05 125.06 ± 5.74 p = 0.208 

 

Conclusion: 

Basing on the obtained results, it was confirmed that long-term exposure of rats to strong static electric 

fields with intensity generated nearby High Voltage Direct Current transmission lines evokes transient decrease 

in serum glucose concentration, probably due to stimulation of excretion of insulin in the course of long-lasting 

stress reaction caused by electric field action, with subsequent compensatory changes of the activity of glucose 

metabolizing enzymes and transitory decrease in glycogen contents in liver tissue in the initial phase of 

exposure cycle, enabling the maintenance of homeostasis of carbohydrates metabolism.  
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