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Introduction 

Studies show that electromagnetic fields (EMFs) 

have a range of complicated effects on the vital 

molecules (DNA, ionic channels, and other body 

proteins) and activities of the nervous system and 

other organs (1). EMFs are classified according to 

their frequency and long wave. EMF frequency 

differs due to the sources. Among these sources, we 

can name: printers, vacuum cleaners, cellular 

phones, television sets, hair dryers, microwaves, etc. 

(2). As the use of computer technology grows all 

over the world, we must anticipate more reports on 

disorders of normal life due to exposure to EMF (3). 

Many studies have been conducted by the World 

Health Organization to assess the effect of 

electromagnetic waves on human life. This shows 

that international organizations pay attention to this 

issue. The studies showed that the waves have a 

detrimental impact even if they are low intensity (4). 

Pancreas is one of the body organs that play a key 

role in metabolism and adjustment of blood glucose. 

The insulin secreted by the Langerhans Islets plays 

many vital roles (5). The effects of insulin on overall 

body metabolism are as follows: controlling the 

cellular absorption of special materials particularly 

glucose; increasing DNA replication and protein 

synthesis; changing the activity of many enzymes; 

increasing the glycogen synthesis; increasing the 

synthesis of fats; increasing the esterification of fatty 

acids; decreasing the proteolysis; decreasing 
gluconeogenesis; reducing autophagia; increasing 

the absorption of amino acids; affecting the muscular 

tone and relaxation of arteries; enhancing alertness 

and learning ability (6). The identification of the 

factors that disturb insulin release is a priority in 

pathophysiology of diabetes. Diabetes results from a 
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Abstract  
Objective: Nowadays, modern technologies are increasingly used in domestic industries, home 
appliances, and cell phones. This has highlighted the necessity of protecting human beings from the 
impacts of electromagnetic fields (EMFs) as a new challenge. Therefore, the present study aimed to find 
out what impacts EMFs have on the structure of Langerhans Islets and the insulin secretion levels in rat.  

Materials and Methods: Fourteen 12-week-old male rats were selected randomly: 5 as a control group 
and 9 as an experimental group. The experimental group was exposed to an EMF produced by an 
electromagnetic device, with a frequency of 50 Hz and intensity of 3 mT 4 h a day for 6 weeks. At the end 
of the 6 weeks, blood and pancreas tissue samples were taken for enzyme linked immunosorbent assay 
(ELISA) test and preparation for microscopic studies.  

Results: Results showed that in EMF exposed group insulin level was decreased (P < 0.05), which was 
associated with decreased area and perimeter of pancreatic islets (P < 0.05).  

Conclusion: Exposure to EMF impacts insulin secretion by influencing the size of pancreatic islets.  
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disorder in carbohydrate metabolism. It is caused by 

deficiency in the release of insulin and insufficient 

insulin function or both (7,8). It seems that EMF can 

affect insulin release and glucose level regulation. 

Glucose blood concentration is the main stimulus of 

insulin secretion from Langerhans Islets (6). 

Fundamental researches are still required to 

investigate the influence of EMFs on the cell, tissue, 

and organs. It is reported that ELF-EMFs, lead to 

decrease in glucose concentration in the serum of 

healthy volunteers and diabetics (9). However, it has 

been reported that exposure, to alternating magnetic 

field, has no effect on serum concentration of insulin 

and glucose of experimental animals (10). Besides, 

there is other studies point to suppressing effect of 

exposure to EMF on insulin secretion with a 

secondary increase in serum glucose concentration 

(11). In addition, was presented evidence that 

long-term exposure to EMF (10 Hz, 8 mT and 50 Hz, 

20-50 mT) led to decrease in glucose concentration 

in the serum of experimental animals (12,13). A 

hypoglycemic effect of EMF (50 Hz and 3.4 mT) has 

been confirmed by clinical studies on healthy 

volunteers and diabetics (14). Glucose has a potent 

effect on β-cell mass growth causes to both β-cell 

hyperplasia and hypertrophy (15). The endocrine 

pancreas is a plastic organ especially because of the 

high ability of the β-cell mass to change according to 

the insulin demand (16). This property has been 

demonstrated in physiological as well 

pathophysiological conditions such as pregnancy and 

obesity (17). Since, there are scarce reports in the 

published works concerning the effect of exposure to 

EMF on morphometric features of rat pancreatic islets 

accompanied with insulin release changes, the 

evidence for effects of EMF on insulin release and 

structure of islets remains controversial issue yet. 

Thus, the current study was undertaken to evaluate 

the influence of exposure to EMF effect on insulin 

release and structure of pancreatic islets in rats. 

 

Materials and Methods 

Fourteen 12-week-old male Wistar rat that weighed 

130 ± 10 g were selected from animal house of the 

Tabriz University of Medical Sciences, Iran. They 

were kept under standard conditions and had access 

to food and water. Animals were fed on compact 

food in the form of granules and water. This food 

was consisted of all essential ingredients including 

vitamins and minerals. Environmental conditions 

(temperature and humidity) in all animal holding 

areas were continuously monitored. Temperature 

was maintained in the range of 20°C-30°C, and 

relative humidity was monitored at 35-60%. The 

lighting was turned off or on under a 12 h cycle. The 

rats were divided into two groups after 1 week of 

adaptation to the new environment: the rats of the 

control group and experimental group. 

The rats of the experimental group were exposed to 

waves produced by the electromagnetic generator of 

Anatomy Department at a frequency of 50 Hz and 

intensity of 3 mT for 4 h a day for 6 weeks. The 

equipment was based on Helmholtz coil that works 

following Fleming’s right hand rule. It produced and 

alternate current of 50 Hz frequency. The intensity of 

EMF could be controlled by a transformer. The 

equipment had two main parts. In the first, there were 

two copper coils placed one above the other separated 

by a distance of 50 cm between the coils (the exposure 

area) there was a cylindrical wooden vessel the interior 

of which had a chamber for keeping the cages of 

experimental animals. The second part was the 

transformer which checked the input and output 

voltage with a voltmeter and current with an ampere 

meter. The equipment was calibrated by gaussmeter. 

To prevent an increase of temperature inside the 

chamber a fan was fitted at the top, and the 

temperature was checked. After the test, the rats were 

made unconscious using ketamine-xylazine. Later, an 

incision was made in the chest of each rat and 2 cc of 

blood was taken from the heart for measuring the 

serum levels of insulin. The samples of pancreas tissue 

were placed in Bouin’s fixative. 

A Swedish-made insulin kit was used to measure the 

serum levels of insulin. The blood samples were kept 

under lab conditions between 45 and 60 min until 

they clotted completely. The serum was then 

separated using a centrifuge at low speed for 10 min. 

The serums were kept frozen (−20 °C) before the 

test. The serum insulin of the samples was measured 

using enzyme linked immunosorbent assay (ELISA) 

method. At the end, 100 ml of conjugated enzyme 1 × 

solution was added to the samples which were 

incubated at room temperature (18-25 °C) for 2 h on 

a shaker at 700-900 RPM. Six stages rinsing was 

done with 350 ml of wash buffer. After the final 

rinsing, the plates were turned over the absorbent 

paper. 200 ml of TBM substrate was added to the 

samples, and then they were incubated at room 

temperature for 15 min. Then, 50 ml of stop solution 

was added to the samples, and they were placed on 

the shaker to mix the acids well. The reaction was 

stopped by adding acids. Finally, the result of 

colorimetery was read by the ELISA system at the 

wavelength of 450 nm. 

The pancreas samples of each rat were fixed in 
Bouin’s fixative solution for histological purposes. 

After the tissue samples had been fixed completely, 

they were dehydrated by rising concentration 
gradient of ethanol, clarified by xylol and molded in 

paraffin. Four-micrometer sections were made using 

microtome. Gomori’s chrome alum hematoxylin 
phloxine staining was used for staining the pancreas 

tissue and marking the Langerhans Islets. The 

samples were studied using optic microscope. 20 
slides were selected from nearly 150 slides in each 

block. The area and perimeter of the islets of both 

the control and experimental groups were measured 
using the Motic Image software program. 

Statistical analysis 

After calculating the mean of the serum levels of 

insulin, as well as the area and perimeter of 
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Langerhans Islets of the control and experimental 

groups, they were analyzed with the SPSS statistical 

software (version 16.0, SPSS Inc., Chicago, IL, USA) 

and t-test. P < 0.05 was used as the minimum value 

of significant difference between the means.  

 

Results 

This study investigated the effects of EMF on insulin 

release and morphometric changes in pancreatic 

islets. Results showed that EMF with 50 Hz and 

intensity of 3 mT over 6 weeks changed the serum 

levels of insulin and morphometric features of the 

islets. According to the results of this study, at the 

end of the exposure time decrease in blood 

concentration of insulin was observed in the EMF 

exposed rats (Table 1). In the morphometric study of 

the islets of Langerhans, a meaningful decrease in 

the area was observed in the experimental rats 

compared to the control group (Table 1). The 

quantitative parameters for mean perimeter of 

Langerhans Islets showed a significant decrease in 

perimeter of EMF exposed group (Table 1). A 

comparison of photomicrographs of islets in control 

and experimental groups showed a significant 

decrease in area and perimeter in EMF exposed rats 

(Figure 1).  

 
Table 1. Mean plasma concentration of insulin, islets area and perimeter of control and experimental rats 
[Mean ± standard deviation (SD)] 
Groups Insulin (pmol/l) Islets area (sqµm) Islets perimeter (µm) 
Control 0.8657 ± 0.32 3627545 ± 19580 9247 ± 319 
Experimental (EMF exposed) 0.5511 ± 0.15* 1147464 ± 91370* 4456 ± 192* 

* P < 0.05 as compared to the control; EMF: Electromagnetic field 
 

   
 

   
Figure 1. Photomicrographs from Langerhans Islets, obtained from light microscope. (Gomori’s 
staining) Control group (A and B), experimental group (C and D). (a) Longitudinal section from control 
group (×800). (b) Transversal section from control group (×800). (c) Longitudinal section from 
experimental group (×800). (d) Transversal section from experimental group (×800). The comparison of 
A with C and B with D show decrease in islets size of experimental group 

 

a b 

c d 
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Discussion 

Since, the main stimulus of insulin secretion is the 

increase in glucose blood concentration, decreased 

concentration of glucose circulating in blood can 

suppress insulin release from islets. Catecholamines 

may be as important as glucose in the control of 

insulin secretion. It’s shown that both epinephrine 

secretion by the adrenal medulla and norepinephrine 

secretion by sympathetic nerve terminals increase 

glucose level (18). Previous investigations have 

shown that EMF stimulation alters catecholamine 

metabolism. It’s shown that dopamine levels in PC12 

cells were significantly reduced within 10-15 min 

under EMF (19). Besides, is observed decrease in 

catecholamine levels in the hypothalamus of mice 

after exposure to EMF from the 1st day of gestation 

throughout the pregnancy (20). In other studies, no 

significant influence (21) or increasing effect (22) was 

seen on glucose level in the blood of experimental 

animals after exposure to EMF. Also, decrease of 

plasma glucose levels in male mice exposed to EMF 

has been observed (23). In agreement to our results, 

is reported that EMF attenuated insulin secretion 

(24). Thus, it seems likely that exposure to EMF 

prevents from increase of glucose level via decreasing 

catecholamine levels that probably led to decrease of 

insulin release from islets in EMF exposed animals. 

Also others found that EMF decreased 

glucose-stimulated insulin secretion by increase in 

cellular adenosine 5ˊ-triphosphate, adenosine 

5ˊ-diphosphate, membrane depolarization, and 

cytosolic free calcium ion concentration (25). In 

contradiction to our results, other studies reported 

that EMF increased insulin secretion (10-26). It must 

be added that there are contradictory findings 

indicating that EMF increase in islet size (27). 

Furthermore, inconsistent to our results, in other 

study reported an increase in islet area and perimeter, 

as well as the absolute mass and relative density of 

the islets in the pancreas of dexamethasone-received 

rats (28). There is scarce information concerning the 

effect of EMF on morphometric changes of 

Langerhans Islets. Therefore, this possibility is to be 

considered: Since the pancreatic β-cells are 

responsible for the maintenance of the glucose levels 

within a very narrow range, their population 

undergoes compensatory changes that led to decrease 

in islets area and perimeter. As it’s postulated that 

effects of EMF is critically dependent on the duration 

of exposure and strength of the field (29). 

 

Conclusion 

The results of this study showed exposure to EMF led 

to the decrease of insulin blood concentration 

accompanied to the reduction of size of the pancreatic 

islets. It’s concluded that exposure to 50 Hz EMF 

induces adaptive changes in insulin release and 

structure of pancreatic islets.  

 

Ethical issues  

This research was approved by the Ethics Committee 

of Tabriz University of Medical Sciences. 

 

Conflict of interests  

We declare that we have no conflict of interests.  

 

Acknowledgments  

This research project was done under financial support 

and supervision of Tabriz University of Medical 

Sciences.  

 

References 

1. Funk RH, Monsees T, Ozkucur N. 

Electromagnetic effects-From cell biology to 

medicine. Prog Histochem Cytochem 2009; 43: 

177-264. 

2. Bracken MB, Belanger K, Hellenbrand K, Dlugosz 

L, Holford TR, McSharry JE, et al. Exposure to 

electromagnetic fields during pregnancy with 

emphasis on electrically heated beds: 

association with birthweight and intrauterine 

growth retardation. Epidemiology 1995; 6: 

263-70. 

3. Schreier N, Huss A, Roosli M. The prevalence of 

symptoms attributed to electromagnetic field 

exposure: a cross-sectional representative 

survey in Switzerland. Soz Praventivmed 2006; 

51: 202-9. 

4. Biological effects of power frequency electric 

and magnetic fields. IEEE Eng Med Biol Mag 

1989; 8: 46-7. 

5. Meyer-Hermann M, Benninger RK. A 

mathematical model of beta-cells in an islet of 

Langerhans sensing a glucose gradient. HFSP J 

2010; 4: 61-71. 

6. Rudenski AS, Matthews DR, Levy JC, Turner RC. 

Understanding "insulin resistance": both glucose 

resistance and insulin resistance are required to 

model human diabetes. Metabolism 1991; 40: 

908-17. 

7. Kuzuya T, Nakagawa S, Satoh J, Kanazawa Y, 

Iwamoto Y, Kobayashi M, et al. Report of the 

Committee on the classification and diagnostic 

criteria of diabetes mellitus. Diabetes Res Clin 

Pract 2002; 55: 65-85. 

8. Puavilai G, Chanprasertyotin S, Sriphrapradaeng 

A. Diagnostic criteria for diabetes mellitus and 

other categories of glucose intolerance: 1997 

criteria by the Expert Committee on the 

Diagnosis and Classification of Diabetes Mellitus 

(ADA), 1998 WHO consultation criteria, and 

1985 WHO criteria. World Health Organization. 

Diabetes Res Clin Pract 1999; 44: 21-6. 

9. Sieron A, Brus H, Konecki J, Cieslar G, Szkilnik R, 

Nowak P, et al. Effect of Low Frequency 

Electromagnetic Fields on [3H]Glucose Uptake in 

Rat Tissues. Pol J Environ Stud 2007; 16: 309-12. 

10. Laitl-Kobierska A, Cieslar G, Sieron A, Grzybek H. 

Influence of alternating extremely low frequency 

ELF magnetic field on structure and function of 

pancreas in rats. Bioelectromagnetics 2002; 23: 

49-58. 

Arc
hive

 of
 S

ID

www.SID.ir

www.sid.ir


Khaki, et al. 

Crescent J Med & Biol Sci, Vol 2, No. 1, Winter 2015  |  5 

11. Gorczynska E, Wegrzynowicz R. Glucose 

homeostasis in rats exposed to magnetic fields. 

Invest Radiol 1991; 26: 1095-100. 

12. Cieslar G, Sieron A, Radelli J. The estimation of 

therapeutic effect of variable magnetic fields in 

patients with diabetic neuropathy including 

vibratory sensibility. Balneol Pol 1995; 37: 23-7. 

13. Cieslar G, Sieron A, Zajecki W. Influence of 

alternating magnetic fields on Langerhans islets 

morphology and glucose level in experimental 

animals. Baln 1995; 37: 5-9. 

14. Sieron A. Biological effects. In: Sieron A, Editor. 

Appliance of magnetic fields in medicine. 

Bielsko-Biala, Poland: A Medica Press; 2002. 

15. Bernard-Kargar C, Ktorza A. Endocrine pancreas 

plasticity under physiological and pathological 

conditions. Diabetes 2001; 50: S30-S35. 

16. Bonner-Weir S. Life and death of the pancreatic 

beta cells. Trends Endocrinol Metab 2000; 11: 

375-8. 

17. Scaglia L, Smith FE, Bonner-Weir S. Apoptosis 

contributes to the involution of beta cell mass in 

the post partum rat pancreas. Endocrinology 

1995; 136: 5461-8. 

18. Weir GC, Knowlton SD, Martin DB. Glucagon 

secretion from the perfused rat pancreas. 

Studies with glucose and catecholamines. J Clin 

Invest 1974; 54: 1403-12. 

19. Yim SH, Jeong JH. Environmental magnetic fields 

and its biological effect. Kor J Gerontol 2006; 16: 

6-10. 

20. Chiang H, Yao GD. Effects of Pulsed Microwave 

Radiation Pre and Post-Natally on the 

Developing Brain in Mice. Electromagnetic 

Biology and Medicine 2009; 6: 197-204. 

21. Harakawa S, Inoue N, Hori T, Tochio K, Kariya T, 

Takahashi K, et al. Effects of exposure to a 50 Hz 

electric field on plasma levels of lactate, glucose, 

free Fatty acids, triglycerides and creatine 

phosphokinase activity in hind-limb ischemic 

rats. J Vet Med Sci 2005; 67: 969-74. 

22. Sedghi H, Zare S, Hayatgeibi H, Alivandi S, Ebadi 

AG. Biological Effects of Power Frequency 

Magnetic Fields on Serum Biochemical 

Parameters in Guinea Pigs. Pakistan Journal of 

Biological Sciences 2006; 9: 1083-7. 

23. Bonhomme-Faivre L, Marion S, Forestier F, 

Santini R, Auclair H. Effects of electromagnetic 

fields on the immune systems of occupationally 

exposed humans and mice. Arch Environ Health 

2003; 58: 712-7. 

24. Sakurai T, Satake A, Sumi S, Inoue K, Miyakoshi J. 

An extremely low frequency magnetic field 

attenuates insulin secretion from the insulinoma 

cell line, RIN-m. Bioelectromagnetics 2004; 25: 

160-6. 

25. Sakurai T, Koyama S, Komatsubara Y, Jin W, 

Miyakoshi J. Decrease in glucose-stimulated 

insulin secretion following exposure to magnetic 

fields. Biochem Biophys Res Commun 2005; 332: 

28-32. 

26. Sakurai BT, Miyakoshi J. Biological effects of 

strong static magnetic fields on insulin secreting 

cells. J Phys Conf 2009; 156: 1-6. 

27. Gholampour F, Javadifar TS, Owji SM, 

Bahaoddini A. Prolonged Exposure to Extremely 

Low Frequency Electromagnetic Field Affects 

Endocrine Secretion and Structure of Pancreas 

in Rats. International Journal of Zoological 

Research 2011; 7: 338-44. 

28. Rafacho A, Ribeiro DL, Boschero AC, Taboga SR, 

Bosqueiro JR. Increased pancreatic islet mass is 

accompanied by activation of the insulin 

receptor substrate-2/serine-threonine kinase 

pathway and augmented cyclin D2 protein levels 

in insulin-resistant rats. Int J Exp Pathol 2008; 

89: 264-75. 

29. Khaki AA, Zarrintan S, Khaki A, Zahedi A. The 

effects of electromagnetic field on the 

microstructure of seminal vesicles in rat: a light 

and transmission electron microscope study. 

Pak J Biol Sci 2008; 11: 692-701. 

 

 

 

 

Citation: Khaki AA, Ali-Hemmati A, Nobahari R. A Study of the Effects of Electromagnetic Field on Islets of 

Langerhans and Insulin Release in Rats. Crescent J Med & Biol Sci 2015; 2(1): 1-5. 

 

 

Arc
hive

 of
 S

ID

www.SID.ir

www.sid.ir


 

 

https://sid.ir/1791
https://sid.ir/1792
https://sid.ir/1793
https://sid.ir/1795
https://sid.ir/1794
https://sid.ir/1796
https://sid.ir/1702
https://sid.ir/1700
https://sid.ir/1699
https://sid.ir/1698
https://sid.ir/1787

