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Abstract 
Background: The main goal of this study was to evaluate the possible effects of whole-body 
electromagnetic field (EMF) exposure on the lipid profile (total cholesterol, triglycerides, VLDL and HDL) 
in 16 adult male white New Zealand rabbits.  
Methods: In two separate experiments, sham exposed group (control group) male rabbits were exposed to 
sham stimulated (without electromagnetic stimulation) for 5 days, 2 hours per day and the rabbits of 
treatment group were treated with triangular form 10 Hz of electromagnetic field for 5 days, 2 hours per day. 
Results: At the end of the study, after 12 hours fasting period, blood samples were isolated and levels of 
total cholesterol (TC), triglycerides (TG), VLDL and HDL were measured by Auto analyzer. We found 
significant decrease in the plasma triglyceride, total cholesterol, VLDL and significant increase in HDL 
levels in rabbits that were exposed to 10 Hz extremely low frequency electromagnetic field (ELF-EMF). P-
values in all cases were equal to 0.001.  
Conclusion: Our results indicated the effects of whole body EMF exposure on levels of plasma lipids. We 
conclude that 10 Hz pulsed electromagnetic field favorably alters metabolism of lipoproteins, TG and TC 
which are associated with the risk of atherosclerosis and coronary heart diseases. 
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Introduction 
Some recent epidemiologic studies have 
suggested that the exposure to extremely low 
frequency (ELF) electromagnetic fields (EMF) 
affect human health, because of the incidence 
of certain types of cancer, depression, and 
miscarriage have been increased among 
individuals living or working in environments 
exposed to such fields (1-3). Some of these 
studies have shown associations between 
exposure to power-frequency (50–60 Hz) 
magnetic fields and increased health risk (4,5); 
but other studies have not shown such a link 
(6). The results described above are not 
completely conclusive, since in several cases 
they are contradictory. Extremely low-
frequency electromagnetic fields exposure is 
generally believed to be innocuous for human 
health due to their low-level energy exposition, 
which is of a magnitude well below that 
required to affect the metabolic rate of the 
human body (3, 7, 8). However, an increasing 
number of studies have reported that ELF-EMF 
exposure is capable to eliciting in vivo and in 
vitro bioeffects (9-12).  
The arterial diseases are the result of coronary 
arterial blockage problems. The prevalence of 
arterial diseases is rapidly growing in the world 
secondary to some disadvantages of the 
industrial life. Regarding the high prevalence 
of arterial diseases worldwide and their 
deleterious consequences on quality of human 
life, it is necessary to understand the 
parameters involved in developing and 
progression of the disease. Studies showed that 
alteration in serum levels of the lipids and 
lipoproteins, such as triglyceride, cholesterol, 
LDL and HDL results in atherosclerosis and 
arterial diseases (13). On the other hand, 
beneficial effects of ELF-EMF have also been 
reported; as shown in diet-induced 
hypercholesterolemic rabbits which pulses of 
EMF lowered total cholesterol and 
triacylglycerol levels (14). Similar results have 
been found in rats (15) and mice (16), both fed 
on control diets. In this study, the effects of 10 
Hz extremely low frequency electromagnetic 
fields on the serum levels of cholesterol, 
triglyceride, VLDL and HDL in white New 
Zealand rabbits were investigated. 
 

Methods 
Animals 
All procedures were performed in strict 
accordance with the international guidelines for 
care of experimental animals. Sixteen male 
New Zealand white rabbits aged 6 to 8 months 
weighing 2± 0.5 kg were randomly selected 
and divided into two equal groups. Both the 
control and case groups were fed on standard 
chow diet (Normal diet). The animals were 
housed individually in polycarbonate cages 
with sawdust bedding.  Rabbit were kept in a 
25˚C room with a 12h light/dark cycle and had 
free access to food and clean water ad libitum 
and stabilized for two weeks before the start of 
the experiment. The rabbits were either 
exposed to 2 hours/day stimulation of ELF-
EMF (Treatment group) or 2 hours/day sham-
stimulated (control group) for 5 days. All 
exposures were conducted during the light 
phase of the cycle, between 07:00 and 12:00 
A.M. (5th day) of study. The data expressed as 
mean± SEM.  
 
Electromagnetic stimulation unit 
One low-intensity magnetic field exposure 
apparatus (made in PHYWE German factory) 
was applied to generate pulsed magnetic field. 
In this apparatus, one paired of identical 
Helmholtz coils, each of which contained 600 
turns of enameled copper wire with diameters 
of 0.8 mm, were mounted coaxially at a 
distance of one coil radius (14.5cm) from each 
other to produce a highly uniform horizontal 
field between them. The coils were connected 
to an amplifier driven by a pulse generator. 
This was set to produce a pulsed triangular 
form with a frequency of 10 Hz. 
 
Serum analyses 
The effects of the ELF-EMF exposure on 
serum lipid concentrations were assessed after 
5days (2hours/day). The animals were fasted 
twelve hours before the end of experimental 
period. At the end day of experimental period, 
the over-night fasting animals were 
anesthetized with ketamin/xylazine 
combination and blood samples for sera 
preparation were collected from marginal ear 
vein into sterile plain tubes. The plasma was 
immediately separated at 4°C by centrifugation 
at 3000 rpm for 10 minutes and promptly 
frozen at 70°C until analysis. Control 
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Determinations of lipid parameters were 
performed using an automated biochemical 
analyzer (Chemistry analyzer photometer 
DANA-4500). Total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C) and 
triacylglycerols (TAG) were assessed by 
enzymatic kits (Man). 
 
Statistical analyses 
The results were expressed as mean ± SEM. 
Differences between means analyzed using one- 
sample T-test. P-values of 0.05 or less were 
considered as statistically significant. Data were 
analyzed using version 15 of SPSS software. 

Results 
Both plasma high density-lipoprotein 
cholesterol (HDL-c) and very low- density 
lipoprotein cholesterol (VLDL-c), were 
considerably affected by the administration of 
ELF-EMF (Extremely Low Frequency 
Electromagnetic Field) (P=0.001), in such a 
way that HDL-C was increased and conversely 
VLDL was decreased.  Total cholesterol in 
rabbits underwent ELF-EMF decreased 
significantly (P=0.001). Triglyceride also was 
affluence falling significantly (P=0.001). 

 
Table 1- Serum lipid profile of normal adult rabbits in two groups 

Group Total cholesterol(mmol/L) Triglyceride(mmol/L) HDL-C(mmol/L) VLDL-C(mmol/L) 
Sham 0.64± 0.015 0.57±0.018 0.15±0.007 0.047±0.0041 
Treatment 0.33±0.016* 0.37±0.026* 0.19±0.004* 0.024±0.009* 

Values are expressed as mean ± SEM. The significance level was 0.05 or less. *P<0.05   
 
Discussion 
The most studies of the effect of 
electromagnetic fields on living organisms 
showed that the initial effect of an 
electromagnetic field is the triggering of key 
biochemical processes in various metabolic 
pathways (17-20). The synthesis of acetyl 
coenzyme A is one of these biochemical 
processes. Suppression of acetyl coenzyme A 
synthesis can lead to decrease in lipogenesis, 
especially in the liver (21-25). In the present 
study, we found a dramatic decrease in plasma 
total triglyceride in treatment groups. Beischer 
et al. reported that serum triglycerides of blood 
samples decreased 14 h after dinner when 
human subjects were exposed to a low-
intensity magnetic field. However, higher 
serum levels of triglycerides were observed 
(Smialowicz et al.) after rats were exposed to 
970-MHz electromagnetic radiation. We also 
found a considerable decrease in VLDL. 
Probably decreased lipogenesis contribute in 
falling VLDL formation in liver that can 
describe decreasing VLDL observed in 
treatment group of our study. On other hand, 
diminishing plasma total triglyceride will lead 
to decreasing in VLDL formation and their size 
(26). Our study indicate that exposing to 
extremely low frequency electromagnetic 
fields can resulted in a considerable elevating 
in serum HDL level and also a considerable 
decrease in serum TC level. In concordance to 

our study, Eping Luo et al. showed that 
exposure to extremely low frequency 
electromagnetic fields caused decreasing in 
serum triglycerides and TC and increasing in 
HDL levels. It is not unusual to see low HDL-
C levels in patients with high TG. VLDL 
particles that do not undergo rapid catabolism 
linger in the plasma which leads to elevating 
apoB levels and increase risk of cardiovascular 
diseases. Another event is that TG and 
cholesterol esters (CE) are exchanged between 
HDL, LDL and VLDL, via CETP. The longer 
the half-life of VLDL, the more time they have 
to swap TG for CE from HDL using CETP. 
The HDL particles become TG-rich and 
cholesterol-poor, thereby reducing HDL-C 
levels, conversely with decreasing TG, this 
process will be inversed (27- 29). Therefore 
decreased TG can be result in high amount 
HDL-C levels in plasma that is obvious in our 
study. This sort of electromagnetic field may 
affect the absorption of triglyceride from 
digestion system. One another reason to 
reduction of triglycerides in plasma can be 
intervention of this electromagnetic field with 
formation and movement of chilomicrons to 
liver that let us investigate presumably relevant 
disturbance of this electromagnetic field on 
formation and movement chilomicrons to the 
liver in next studies. It is proposed that these 
fields are able to change the cell membrane 
potential and ions distribution. These changes 
may affect some biochemical processes and 



Athari et al., The Effects of Whole Body Exposure to Extremely Low Frequency Triangular …4

result in changing some serum biochemical 
parameters and enzymes (30, 31). One of that 
changes caused by extremely low frequency 
electromagnetic field is increasing calcium 
influx into the pancreatic beta cells that can be 
increase insulin secretion to the plasma (32). 
Insulin increases gene expression of lipoprotein 
lipase in different organs especially liver. One 
of the insulin actions in plasma is activating 
apo-CII that is activator of lipoprotein lipase. It 

is obvious increasing insulin in plasma can be 
results in elevating lipoprotein lipase efficiency 
in plasma and the more efficient is lipoprotein 
lipase, the less triglyceride and VLDL is in 
plasma. 
 
Acknowledgments 
The authors gratefully acknowledged Mr. 
Farhang Pajuh for his technical support. 

 
References 
1. Lacy-Hubert A, Metcalfe JC, Hesketh R: 

Biological responses to electromagnetic 
fields. FASEB J 1998; 12:395-420. 

2. Ahlbom A, Feychting M: Electromagnetic 
radiation. British Medical Bull 2003; 
68:157-165.  

3. Feychting M, Ahlbom A, Kheifets L: EMF 
and health. Annu Rev Public Health 2005; 
26:165-189.  

4. Valberg PA, Kavet R, Rafferty CN: Can 
low-level 50/60 Hz electric and magnetic 
fields cause biological effects? Radiation 
Research 1997; 148:2-21. 

5. Wertheimer N, Savitz DA, Leeper E: 
Childhood cancer in relation to indicators 
of magnetic fields from ground current 
sources. Bioelectromagnetics 1995; 16(2): 
86-96.  

6. Preece AW, Hand JW, Clarke RN, Stewart 
A: Power frequency electromagnetic fields 
and health. Where's the evidence? Phys 
Med Biol 2000; 45:139-154.  

7. Adey WR: Tissue interactions with 
nonionizing electromagnetic fields. Physiol 
Rev 1981; 61(2):435-514.  

8. Habash RW, Brodsky LM, Leiss W, 
Krewski D, Repacholi M: Health risks of 
electromagnetic fields. Part I: Evaluation 
and assessment of electric and magnetic 
fields. Crit Rev Biomed Eng 2003, 31(3): 
141-195.  

9. Litovitz TA, Montrose CJ, Wang W: Dose-
response implications of the transient 
nature of electromagnetic-field-induced 
bioeffects: theoretical hypotheses and 
predictions. Bioelectromagnetics 1992: 
237-246.  

10. Repacholi MH, Greenebaum B: Interaction 
of static and extremely low frequency 
electric and magnetic fields with living 

systems: health effects and research needs. 
Bioelectromagnetics 1999; 20:133-160.  

11. Foster KR: Mechanisms of interaction of 
extremely low frequency electric fields and 
biological systems. Radiat Prot Dosimetry 
2003; 106(4):301-310. 

12. Juutilainen J: Developmental effects of 
extremely low frequency electric and 
magnetic fields. Radiat Prot Dosimetry 
2003; 106(4):385-390.  

13. Sadrbafghi M. Review on cholesterol 
metabolism, LDL and their roles on the 
cardio and blood vessels incidents. Shahid 
Sadoghi Medicine University of Yazd 
Journal 1996; 1(5): 51-58. 

14. Luo EP, Jiao LC, Shen GH, Wu XM, Cao 
YX: Effects of exposing rabbits to low-
intensity pulsed electromagnetic fields on 
levels of blood lipid and properties of 
hemorheology. Chinese J Clin Rehabili-
tation 2004; 8(18):3670-3671. 

15. Bellossi A, Pouvreau-Quillien V, Rocher 
C, Ruelloux M: Effect of pulsed magnetic 
fields on triglyceride and cholesterol levels 
in plasma of rats. Panminerva Med 1998; 
40(4): 276-279.  

16. Kumosani TA, Qari MH: The effect of 
magnetic field on the biochemical 
parameters of mice blood. Pak J Med Sci 
2003; 19(1):36-40.  

17. Kubinyi, Gy, G. Thuroczy, H. Sinay and 
D.L. Szabo. Magnetic field and the initial 
phase of the protein synthesis in newborn 
and adult mice. Electro-Magnetobiology 
1998; 17:161-169. 

18. Stoklosowa, S. Tissue culture of gonadal 
cells. Ada Biol Hung 1982; 33:367-379. 

19. Forgacs, Z., K. Paksy, P. Lazar and E. 
Tatrai. Effect of Ni 2+ on the testosterone 
production of mouse primary Leydig cell 



Iranian Journal of Diabetes and Lipid Disorders; 2010; Vol 9 5

culture. J Toxicol Environ Health 1998; 55: 
213-224. 

20. Joshi, N.J., S.B. Moodbidri and T.D. 
Nandedkar. Inhibition of A5-3p hydroxyl-
steroid dehydrogenase activity in pre-
implantation mouse embryos and their 
implantation by sheep ovarian follicular 
fluid peptide. Acta Endocrinol 1987; 115: 
183-188. 

21. Kula B, Wardas M. Effects of power 
frequency electrical field upon some low-
molecular constituents in the guinea pig 
blood. Rev Roum Biochem 1992; 29:193-
197. 

22. Kula B, Grzesik J, Wardas M., Kus´ka R, 
Goss M. Effect of magnetic field on the 
activity of hyaluronidase and D-glukuroni-
dase and the level hyaluronic acid and 
chondroitin sulfates in rat liver. Ann Acad 
Med Sil 1991; 24:77–81. 

23. Kula B, Drózdz M. A study of magnetic 
field effects on fibroblasts cultures. Part 1. 
The evaluation of effects of static and 
extremely low frequency (ELF) magnetic 
fields on vital functions of fibroblasts. 
Bioelectrochem Bioenerg 1996; 39:21-26.  

24. Kula B, Drózdz M. A study of magnetic 
field effects on fibroblasts cultures. Part 2. 
The evaluation of effects of static and 
extremely low frequency (ELF) magnetic 
fields on free-radical processes in fibrobla-
sts cultures. Bioelectrochem Bioenerg 
1996; 39: 27-30.  

25. Kula B. A study of magnetic field effects 
on fibroblasts cultures. Part 3. The 
evaluation of effects of static and extremely 

low frequency (ELF) magnetic fields on 
glycoaminoglycan metabolism in fibrobl-
asts, cell coat and culture. Bioelectrochem 
Bioenerg 1996; 39:31-37.  

26. Szapary PO and Rader DJ. The 
triglyceride–high-density lipoprotein axis: 
An important target of therapy? Am Heart J 
2004; 148:211-21. 

27. Brewer, HB Jr. Hypertriglyceridemia: 
Changes in the Plasma Lipoproteins 
Associated with an Increased Risk of 
Cardiovascular Disease. Am J Cardiol 
1999; 83:3F-12F.  

28. Henry N. Ginsberg, et al. Review Article 
Regulation of Plasma Triglycerides in 
Insulin Resistance and Diabetes Archives 
of Medical Research 2005; 36:232-240.  

29. Davidson M et al. New Concepts in 
Dyslipidemia in the Metabolic Syndrome 
and Diabetes. Metabolic Syndrome and 
Related Disorders 2006; 4:299-314.  

30. Oschman JL. Energetically medicine; study 
and application of biological and industrial 
energies in medicine. Isfahan Medicine 
University Issues 2003: 185-192.  

31. Ames B.D., Yamasaki W.E., Lee F.D. 
Dose generalized anxiety disorder predict 
coronary heart disease risk factors in 
dependently of major depressive disorder. 
Affect Disord 2005; 88(1):87-91.  

32. Sakurai T, Yoshimoto M, Koyama S, 
Miyakoshi J. Exposure to extremely low 
frequency magnetic fields affects insulin-
secreting cells. Bioelectromagnetics 2008; 
29(2):118-24.

 


