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ABSTRACT 

 
      Due to the increasing presence of electromagnetic radiation in advanced societies, investigation of 

the effects of this radiation on humans has attracted the interest of many researchers. The non- ionizing 

radiation can induce numerous effects through biomolecules in the tissue and cells.  In the current study, 

effects of 12 Hz electromagnetic waves investigated on neuronal hormone levels in rat animal model in 

1, 3, 7, 14 and 21 days after exposure.  The levels of Adrenocorticotropic hormone (ACTH), 

Adrenaline, melanocortin-2 receptor (MC2R), corticostrone, α1-receptor and D-Glucose were evaluated 

by ELISA methods. Exposure with 12 Hz electromagnetic waves did not alter in glucose and MC2R 

levels in rats compared with control groups. Plasma ACTH and adrenaline concentrations as two 

important stress-related hormones increased significantly 1 and 3 days after irradiation respectively. 

Also corticostrone and alpha a1-receptor decreased significantly at some days during the period of 

study in irradiated rats.  Our data demonstrated that faced with 12 Hz electromagnetic wave could be 

considered as a stress inducer and also time of exposure have critical role in stress induce. 
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INTRODUCTION 
     Extremely low frequency (ELF) waves as 

one of the most important and effective range of 

electromagnetic waves in the field of biology 

and neurophysiology, especially in the last 

decade have been more attracted of researchers 

attention [1, 2]. Today, there are wide range of 

ELF waves in environment [3] and in the other 

hand, possible applications of radiation in the 

treating diseases and disorders of the cognitive 

and behavioral problems [4-6] caused to 

intensify the need of experimental study about 

the effects of these waves. ELF electromagnetic 

fields (ELF-EMF) are non-ionizing and the 

beam energy is very weak to separate the orbital 

electrons of atoms [7]. Several previous studies 

on the effects of non-ionizing electromagnetic 

fields were carried out and their results showed 

that the primary objective of this wave is 

targeting of chemical processes involved in 

metabolic pathways [8-11]. Effects of 

electromagnetic fields on the living organisms 

are a complex phenomenon [12]. The 

physicochemical activity of electromagnetic 

fields is including electron, ion, dipole structure 

of macromolecules and electrical polarization 

[13]. Other factors may also play a role, such as 

excitation of molecular, biochemical activation, 

production of radicals, weakening the chemical 

bonds, water-blind changes, atomic vibration 

and modified spin relaxation times of dipoles 

[14, 15]. These chemical changes can affect the 

serum biochemical parameters. Many studies 

have shown that changes in protein levels [16, 

17]. 

The biological effects of electromagnetic fields 

are presented as a series of interconnected 

steps. The first step is the exposure to these 

fields. In the second phase magnetic fields shall 

react with molecules of biological structures 
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until could change them shape, size, charge or 

energy and ultimately cause to produces a 

signal in the cells. If this signal in frequency 

and time was differentiated with the thermal 

threshold produced by the continuous 

movement of charged molecules in the cell, 

causes to changes in cells behavior which 

results in a biological effect is visible [18], This 

effect can be uncomplicated or complicated. 

If changes were in the range of normal variation 

or a combination of physiological compensatory 

mechanisms, it was without complication, but 

the changes weren’t in the range of natural 

variation, having a problem. 

Body cells, to reduce the side effects of this 

field use protections such as increased levels of 

epinephrine and melatonin [10]. Although the 

exact mechanism of action of these compounds 

in reducing the side effects are still not well 

known.  But it is believed that both factors 

reduce the adverse effects of free radicals [19]. 

In the present study, the effect of ELF-EMF 

exposure on some of the neuronal functions by 

evaluation of neuronal hormones such as  

Adrenocorticotropic hormone (ACTH), 

Adrenaline, melanocortin-2 receptor (MC2R), 

corticostrone, α1-receptor and D-Glucose by 

Elisa in 1, 3, 7, 14 and 21 days during the 

period of study. 

 

MATERIALS AND METHODS  
Animals 

    Twenty male Sprague-Dawley rats with 

weighing 250-300 g were purchased for this 

study (n=10/group, Razi Institute, Tehran, Iran). 

The rats were housed in a animal room during 2 

weeks for adaptation under a 12 h light: 12 h 

dark cycle and controlled temperature (21 to 

25
◦
C) with free access to food and water. In the 

present study, All procedures for this 

investigation were performed in accordance 

with the Ethics Committee of Baqiyatallah (a.s.) 

University (357: November 2000, Tehran, Iran) 

guidelines. All experiments were carried out 

between 12:00 and 14:00 h and each rat was 

examined only once.  

Shielded room 

    As it is reported in previously [20], to 

prevent  the  possible  interference  of  foreign  

interference wave with testing 12Hz, a room 

space is designed and all parts of the room , 

including the ceiling and walls, windows , even 

the smallest openings completely covered and 

sealed with aluminum foil (0.4 mm diameter). 

For further confirmation of this step the room 

was checked by a wave detector and results 

were confirmed the lack of effective radiation 

in the shielded room. The electromagnetic 

generator antenna symmetrically mounted in the 

box above (for uniform wave radiation). All the 

conditions for the control group were 

considered, except irradiation. 

Experimental design 

   In the present study, 12Hz frequency of EMF 

was irradiated to treated groups once a day with 

75mW and 0.1 mT during 21 days. Animals 

were sacrifice to prepare blood sample to 

evaluation of neuronal hormones and hormone 

receptors on days 1, 3, 7, 14 and 21 using 

ELISA kit. 

Hormonal analysis 

    ACTH, Adrenaline, MC2R, corticosterone, 

α1-receptor and D-Glucose were measured 

using the appropriate kites (all from CUSABIO 

CO., Japan) and a micro-plate reader (ELx-800, 

BIO-TEK instruments, Winooski, VT, USA).  

Blood samples were collected in tubes content 

5% EDTA and then were centrifuged in 4 °C 

for 5 min in 3000 RPM. The supernatant was 

collected for evaluation by ELISA assay. 

Statistical analysis 

For statistical analysis, Two-Way ANOVA was 

used by time and frequency as the factors. 

Further analyses for individual between-groups 

comparisons were carried out with post hoc 

Tukey’s test. Data were showed as the mean ± 

SD. In all comparisons, P<0.05 was considered 

to be statistically significant. All statistical 

analyses were conducted with SPSS software, 

version 11.0 (SPSS, Chicago, IL, USA). 

 

RESULTS 
ACTH 

    As showed in figure 1, significantly increase 

of ACTH level were seed only one day after 

irradiation with 12 Hz ELF-EMF in treated 

group compared to control and their level in 

other days was not changed.  
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Figure 1. Changes in ACTH levels in rats exposed for 21 

days to 12 Hz electromagnetic waves. Asterisk indicates a 

significant difference between P < 0.05, two asterisks P < 

0.01 and three asterisks P < 0.001 between the two 

groups. 

 

Adrenaline 

    First day after irradiation increase of adrenaline 

level observed in the rats and only day 3 this 

increase was significant in comparison to control 

group (Figure 2). Also, after day 3 decreasing 

trend of adrenaline detected in irradiated rats.  

 

 
Figure 2. Changes in adrenaline levels in rats exposed for 

21 days to 12 Hz electromagnetic waves. Asterisk 

indicates a significant difference between P < 0.05, two 

asterisks P < 0.01 and three asterisks P < 0.001 between 

the two groups. 

 

MC2R 

   Alterations of MC2R in rats after irradiation 

were not significant in comparison to un-

irradiated rats (Figure 3) and could be included 

that 12 Hz electromagnetic waves weren’t affects 

on this hormone receptor.  

 
Figure 3. Changes in MC2R levels in rats exposed for 21 

days to 12 Hz electromagnetic waves. Asterisk indicates a 

significant difference between P < 0.05, two asterisks P < 

0.01 and three asterisks P < 0.001 between the two groups. 

 

Corticosterone 

    Evaluation of corticostrone hormone in rats was 

exposure by 12 Hz electromagnetic waves showed 

that this hormone level significantly decreased 

only day 1 after irradiation (Figure 4). In days 3, 7 

and 14, this decrease wasn’t significant and in day 

21 level of this hormone increased in comparison 

to control group but wasn’t significant. 

 
Figure 4. Changes in corticostrone levels in rats exposed for 

21 days to 12 Hz electromagnetic waves. Asterisk indicates a 

significant difference between P < 0.05, two asterisks P < 

0.01 and three asterisks P < 0.001 between the two groups. 

 

Αlpha A1-receptor 

    As showed in figure 5, significantly decrease in 

alpha a1-receptor level was observed on day 1 in 12 

Hz electromagnetic wave irradiated rats compared 

with control group. In days 3 and 7 not any change 

displayed while in days 14 and 21 level of this 

receptor increased but this change wasn’t significant.  
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Figure 5. Changes in alpha a1-receptor levels in rats 

exposed for 21 days to 12 Hz electromagnetic waves. 

Asterisk indicates a significant difference between P < 

0.05, two asterisks P < 0.01 and three asterisks P < 0.001 

between the two groups. 

 

Glucose 

    As displayed in figure 6, glucose level not 

changed significantly in irradiated rats compared 

with control groups. Although, this alteration in 

day 3 was more than other days in irradiated rats 

but this change wasn’t significant in comparison 

to control group.  
 

 
Figure 6. Changes in D-Glucose levels in rats exposed for 

21 days to 12 Hz electromagnetic waves. Asterisk 

indicates a significant difference between P < 0.05, two 

asterisks P < 0.01 and three asterisks P < 0.001 between 

the two groups. 
 

 

DISCUSSION 
    Many quantitative studies were done about 

ELF-EMF effects on the pituitary hormones and 

other endocrine glands hormones [21-23]. The 

major hormones that were reviewed in ELF-EMF 

studies, including several hormones that were 

involved in the physiology and growth, especially 

thyroid-stimulating hormone (TSH) and thyroid 

gland that controls the release of thyroxine, 

Adrenocorticotropic hormone (ACTH) controls 

the function of the adrenal cortex, especially 

cortisol release (similar corticosterone in rats), 

and growth hormone (GH), which affects the 

growth of the body [24]. Other hormones released 

by the pituitary were also studied, especially 

follicle stimulating hormone (FSH) [25], 

luteinizing hormone (LH) [26] and prolactin [27] 

that are important for sexual and reproductive 

functions. Both FSH and LH hormones affect on 

testicular function and testosterone release. In 

another study was done on workers exposed to 

magnetic fields and electric ELF, the levels of 

ACTH increased when working with leisure time 

report, the authors emphasizes that the results are 

more dependent on the factors are attributable to 

work-related than ELF-EMF [28]. The possibility 

that ELF-EMF could  act as stress is was 

investigated in several studies [29, 30]. In these 

studies were examined the effects of 

electromagnetic field exposure on secrete 

hormones involved in stress responses, especially 

cortisol, ACTH and corticosterone release from 

the adrenal cortex. Reports suggest that serum 

corticosterone levels in young rats immediately 

increase after the first exposure. But also in some 

other reports have been suggested that exposure to 

ELF did not show any effect on ACTH, cortisol or 

corticosterone levels. In a study reported by Zare 

et al. showed that electromagnetic radiation 

causes to decrease in cortisol and glucose levels 

[31]. Loss can be resulting of hormone 

synthesized in the kidney, which is controlled by 

peptide hormones.  

Access tissue proteins, releasing amino acids and 

their metabolism targeting by catabolic activity of 

glucocorticoids in the liver, but the changes 

observed in glucose levels can only be related to 

glycolysis and Glycogenolysis by blocking the 

conversion of pyruvate to acetyl-CoA. So they 

admitted that whole-body exposed to a field of 50 

Tesla reduce 0.207 Hz may decrease glucose and 

cortisol levels.  There are conflicting reports about 

the impact of MF or EMF waves on the rate of 

increase or decrease in blood glucose. The study 

of Seyednur et al. noted that their findings 
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confirmed an increase in blood glucose levels 

[32]. In another study Zare et al. were investigated 

whole-body exposure effects on changes in the 

level of cortisol and glucose. In this study, the 

frequencies of 5 and 50 Hz were used within 5 

days of radiation doses 2 and 4 hours per day. 

Their results showed a significant decrease in and 

glucose levels in the radiation frequency of 50 Hz, 

2 hours per day [33]. 

ELF-EMF potential as a stressor was studied in 

several studies, including Hackman and Graves in 

1981 [34, 35]. In this study the effects of 

electromagnetic field exposure were studied on the 

secretion of hormones involved in stress responses, 

especially ACTH and cortisol or corticosterone 

release from the adrenal cortex. Results 

demonstrated that serum corticosterone level was 

increased immediately after the first exposure in 

young rats and also reported that exposure to ELF 

did not show any effect on ACTH, cortisol or  

corticosterone levels. In Conclusions, Our data 

demonstrated that after irradiated with 12 Hz 

electromagnetic waves did not significantly 

change observed in glucose and MC2R levels in 

comparison to control groups. 

Plasma ACTH and adrenaline levels as two 

more important stress-related hormones 

increased significantly 1 and 3 days after 

irradiation respectively, these results showed 

that time of exposure have critical role in 

induce stress. 

Also corticostrone and alpha a1-receptor 

decreased significantly at some days during the 

period of study in irradiated rats. 

 

ACKNOWLEDGMENT 
   This research is supported by Proteomics 

Research Center of Shahid Beheshti University 

of Medical Sciences. 

 

REFERENCES 
1. Larsen S. The Neurofeedback Solution: How to 

Treat Autism, ADHD, Anxiety, Brain Injury, 

Stroke, PTSD, and More: Inner Traditions/Bear & 

Co; 2012. 

2. Hartwig V, Giovannetti G, Vanello N, Lombardi 

M, Landini L, Simi S, (2009) Biological effects and 

safety in magnetic resonance imaging: a review. 

International journal of environmental research and 

public health.6,1778-98. 

3. Adey WR, (1990) Joint actions of environmental 

nonionizing electromagnetic fields and chemical 

pollution in cancer promotion. Environmental 

Health Perspectives.86,297. 

4. Cook C, Thomas A, Prato F, (2002) Human 

electrophysiological and cognitive effects of 

exposure to ELF magnetic and ELF modulated RF 

and microwave fields: A review of recent studies. 

Bioelectromagnetics.23,144-57. 

5. Sandyk R, (1994) Alzheimer's disease: 

improvement of visual memory and 

visuoconstructive performance by treatment with 

picotesla range magnetic fields. International journal 

of neuroscience.76,185-225. 

6. Sandyk R, (1995) Improvement of right 

hemispheric functions in a child with Gilles de la 

Tourette's syndrome by weak electromagnetic fields. 

International journal of neuroscience.81,199-213. 

7. Siqueira G, Ornetta VC, Skvarca J, Non-Ionizing 

Electromagnetic Radiation in the Radiofrequency 

Spectrum and its Effects on Human Health. 

8. Luben RA, (1991) Effects of low-energy 

electromagnetic fields (pulsed and DC) on 

membrane signal transduction processes in 

biological systems. Health Physics.61,15-28. 

9. Walleczek J, (1992) Electromagnetic field effects 

on cells of the immune system: the role of calcium 

signaling. The FASEB Journal.6,3177-85. 

10. Blank M, Goodman R, (2009) Electromagnetic 

fields stress living cells. Pathophysiology.16,71-8. 

11. Beneduci A, Chidichimo G, Tripepi S, Perrotta 

E, Cufone F, (2007) Antiproliferative effect of 

millimeter radiation on human erythromyeloid 

leukemia cell line K562 in culture: ultrastructural-

and metabolic-induced changes. 

Bioelectrochemistry.70,214-20. 

12. Frey AH, (1993) Electromagnetic field 

interactions with biological systems. The FASEB 

Journal.7,272-81. 

13. Kula B, Sobczak A, Grabowska-Bochenek R, 

Piskorska D, (1999) Effect of electromagnetic  

field on serum biochemical parameters in 

steelworkers. Journal of Occupational Health-

English Edition-.41,177-80. 

14. Simkó M, Droste S, Kriehuber R, Weiss DG, 

(2001) Stimulation of phagocytosis and free radical  



 

Journal of Paramedical Sciences (JPS)                          Autumn 2014 Vol.5, No.4 ISSN 2008-4978 

 

88 
 

production in murine macrophages by 50 Hz 

electromagnetic fields. European Journal of Cell 

Biology.80,562-6. 

15. Masunov A, Dannenberg J, Contreras RH, 

(2001) CH bond-shortening upon hydrogen bond 

formation: influence of an electric field. The Journal 

of Physical Chemistry A.105,4737-40. 

16. Phillips JL, Haggren W, Thomas WJ, Ishida-

Jones T, Adey WR, (1992) Magnetic field-induced 

changes in specific gene transcription. Biochimica et 

Biophysica Acta (BBA)-Gene Structure and 

Expression.1132,140-4. 

17. Lohmann C, Schwartz Z, Liu Y, Li Z, Simon B, 

Sylvia V, et al., (2003) Pulsed electromagnetic fields 

affect phenotype and connexin 43 protein 

expression in MLO‐Y4 osteocyte‐like cells and ROS 

17/2.8 osteoblast‐like cells. Journal of orthopaedic 

research.21,326-34. 

18. Funk RH, Monsees T, Özkucur N, (2009) 

Electromagnetic effects–From cell biology to 

medicine. Progress in Histochemistry and 

cytochemistry.43,177-264. 

19. Santini MT, Rainaldi G, Indovina PL, (2009) 

Cellular effects of extremely low frequency (ELF) 

electromagnetic fields. International journal of 

radiation biology.85,294-313. 

20. Mahdavi SM, Sahraei H, Tavakoli H, Yaghmaei 

P, (2013) Effect of 5Hz electromagnetic waves on 

movement behavior in male wistar rats (in vitro). 

Journal of Paramedical Sciences.5. 

21. Karasek M, Woldanska-Okonska M, (2004) 

Electromagnetic fields and human endocrine 

system. The Scientific World Journal.4,23-8. 

22. Kurokawa Y, Nitta H, Imai H, Kabuto M, 

(2003) Acute exposure to 50 Hz magnetic fields 

with harmonics and transient components: lack of 

effects on nighttime hormonal secretion in men. 

Bioelectromagnetics.24,12-20. 

23. Akdag MZ, Dasdag S, Ketani MA, Sagsoz H, 

(2009) Effect of extremely low frequency magnetic 

fields in safety standards on structure of acidophilic 

and basophilic cells in anterior pituitary gland of 

rats: an experimental study. J Int Dent Med 

Res.2,61-6. 

24. Jin YB, Choi H-D, Kim BC, Pack J-K, Kim N, 

Lee Y-S, (2013) Effects of simultaneous combined 

exposure to CDMA and WCDMA electromagnetic 

fields on serum hormone levels in rats. Journal of 

radiation research.54,430-7. 

25. Cecconi S, Gualtieri G, Di Bartolomeo A, 

Troiani G, Cifone MG, Canipari R, (2000) 

Evaluation of the effects of extremely low frequency 

electromagnetic fields on mammalian follicle 

development. Human Reproduction.15,2319-25. 

26. Al-Akhras Md-A, (2008) Influence of 50 Hz 

magnetic field on sex hormones and body, uterine, 

and ovarian weights of adult female rats. 

Electromagnetic biology and medicine.27,155-63. 

27. Rodriguez M, Petitclerc D, Burchard J, Nguyen 

D, Block E, (2004) Blood melatonin and prolactin 

concentrations in dairy cows exposed to 60 Hz 

electric and magnetic fields during 8 h photoperiods. 

Bioelectromagnetics.25,508-15. 

28. Arnetz BB, Berg M, (1996) Melatonin and 

adrenocorticotropic hormone levels in video display 

unit workers during work and leisure. Journal of 

occupational and environmental medicine.38,1108-

10. 

29. Gutzeit HO, (2001) Biological effects of ELF-

EMF enhanced stress response: new insights and 

new questions. Electromagnetic biology and 

medicine.20,15-26. 

30. Garip AI, Akan Z, (2010) Effect of ELF-EMF 

on number of apoptotic cells; correlation with 

reactive oxygen species and HSP. Acta Biologica 

Hungarica.61,158-67. 

31. Zare S, Hayatgeibi H, Alivandi S, (2006) Effects 

of whole-body magnetic field on changes of glucose 

and cortisolhormone in guinea pigs. International 

Journal of Biology and Biotechnology (Pakistan). 

32. Seyednour R, Chekaniazar V, (2011) Effects of 

Exposure to Cellular Phones 950 MHZ 

Electromagnetic Fields on Progesterone, Cortisol 

and Glucose Level in Female Hamsters 

(Mesocricetus auratus). Asian Journal of Animal & 

Veterinary Advances.6. 

33. Zare S, Hayatgeibi H, Alivandi S, Ebadi A, 

(2006) Effects Of 50 Hz Magnetic Field On Some 

Factors Of The Immune System In Male Guinea 

Pigs. Internet Journal of Asthma, Allergy & 

Immunology.5. 

34. Hackman RM, Graves H, (1981) Corticosterone 

levels in mice exposed to high-intensity electric 

fields. Behavioral and neural biology.32,201-13. 

35. Graves H, (1981) Detection of a 60-Hz electric 

field by pigeons. Behavioral and neural 

biology.32,229-34. 

 


