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Background: Rapidly increasing possibilities of
exposure to environmental extremely low-frequency
electromagnetic fields (ELF-EMF) have become a
topic of worldwide investigation. Epidemiological and
laboratory studies suggest that exposure to ELF-EMF
may increase cancer risk therefore assessment of
chromosomal damage in various cell lines might be of
predictive value for future risk estimation. Materials
and Methods: Primary cultures of fibroblasts from
human skin biopsy were exposed to continuous
extremely low-frequency electromagnetic fields (3, 50
and 60 Hz, sinusoidal, 3h, and 4 mT). Also immortal-
ized cell lines, SW480, MCF-7 and 1321N1 were
exposed to continuous ELF-EMF (50 Hz, sinusoidal, 3
h, 4 mT). Metaphase plates were prepared according
to standard methods and stained in 5% Giemsa
solution. Chromosomal aberrations of both chromo-
some and chromatid types were scored to evaluate
the effects of ELF-EMF on primary or established cell
lines. Results: Results indicate that by increasing the
frequency of ELF-EMF, chromosomal aberrations
were increased up to 7-fold above background levels
in primary human fibroblast cells. In addition, continu-
ous exposure to a 50 Hz electromagnetic field led to
a significant increase in chromosomal aberrations in
SW480, MCF-7 and 1321N1 cell lines compared to
sham control. Conclusion: Results obtained indicate
that ELF-EMF has the potential for induction of
chromosomal aberrations in all cell types. Iran. ]J.
Radiat. Res., 2010; 8 (1): 25-29
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INTRODUCTION

Nowadays, there are many electronic
devices that generate electromagnetic fields,
such as household appliances as televisions,
electric blankets, hair driers, and therapeu-
tic medical applications @2, The widespread

use of electric power and higher levels of
EMFs encountered in the environment have
raised concerns that such exposures might
be associated with cancer risks @& 4, The
first suggestion of possible health hazards of
environmental exposure to ELF-EMF were
derived from studies performed in the
former USSR in the early 1960s ©®.

During the last few years, several
comprehensive investigations have been
performed in laboratories world-wide to
assess the biological effects of ELF magnetic
and electric fields @ 7. However, the result
obtained in various researches is controver-
sial 6.8,

Several epidemiological studies have
indicated ELF-EMFs increased risk of
cancer, especially acute childhood leukemia
and cancer of the central nervous system ©
13 and revealed symptoms of nervous
system dysfunction (e.g. vegetative dysto-
nia, neurasthenic/hypertonic symptoms) or
cardiovascular disorders (e.g. arrhythmia,
increased heart rate and arterial pressure)
during and shortly after ELF-EMF exposure
(14,15)

In parallel with epidemiological stud-
les, several in vivo and in vitro models have
been investigated in laboratories to whether
a link existed between ELF-EMFs and
potential adverse biological effects (e.g.
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mutagenesis and carcinogenesis), and to
determine the possible mechanism of cancer
induction (1620,

However, it i1s well accepted from the
totality of the available evidence that such
fields do not possess sufficient energy to
generate direct DNA damage. Several
contradicting result have been obtained for
cells of different species and tissues using
the genotoxic endpoints such as DNA strand
breaks, chromosome aberrations (CA) micro-
nuclei (MN) formation and sister chromatid
exchange (SCE), after exposure to ELF-
EMF at various exposure conditions (2123,
The majority of these studies did not show
any ELF-EMF related genotoxic effects. But
some investigations revealed that exposure
of human cells to ELF-EMF cause
significant increases in micronuclei and
chromosomal aberrations 24 25,

Despite the large number of studies
performed, the effect of ELF-EMF on
genotoxicity is still unclear @6, In the
present study, the possible genotoxic effects
of ELF-EMF, on human fibroblast cells
derived from skin biopsy and established
cell lines were studied using chromosomal
aberrations as biological end points.

MATERIALS AND METHODS

Cell culture

Human fibroblasts cell culture was
initiated from skin biopsy and in Dulbecco’s
modified Eagle’s Medium (DMEM, Gibco)
supplemented with 10% fetal calf serum,
2mM glutamine and antibiotics [penicillin
(100 u /ml) and streptomycin (100 pg/ml)].
Cells were maintained in 75 cm? flasks and
left at 37 °C in a COz (5 %) incubator.

MCEF-7 cells were obtained from
national cell bank of Iran (NCBI, number:
C135). This cell line was established from
pleural effusion obtained from a 69-year-old
Caucasion female. Cells exhibit some
features of differentiated mammary
epithelium. The morphology of the cells is
epithelial-like.
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SW480 cell line was alsoobtained from
NCBI (number: C506). This cell line was
established from a colon adenocarcinoma
obtained from a 51-year-old Caucasian
male. The cells produce carcinoembryonic
antigen (CEA), keratin, transforming
growth factor beta and GM-CSF and express
receptors for epidermal growth factor (EGF).
The morphology of the cells is epithelial-
like.

1321N1 cells were obtained from NCBI
(number: C118). This cell line was derived
from a human brain astrocytoma. The
morphology of the cell is glial-like.

SW480, MCF-7 and 1321N1 cell lines
were maintained in RPMI-1640 supple-
mented with 10% fetal calf serum (FCS),
2mM glutamine, penicillin (100 u /ml) and
streptomycin (100 pg/ml) at 37°Cin an
incubator containing 5 % COs.

All of the cells were passaged twice
weekly and used for experiments while
exponentially growing. For experiments,
cells were cultured in 75 cm? flasks set up at
3 x105cells per flask in 10 ml of RPMI-1640
for cancer cell lines and DMEM for skin
fibroblast cells and grown for 2 days.

ELF-EMF exposure conditions

EMF exposure systems produced a
homogenous vertical ELF-EMF (sinusoidal,
3, 50 and 60 Hz, 4mT) generated by a
solenoid. Cells were exposed to EMF for 3
hours. Temperature was continuously
monitored. The temperature difference did
not exceed 0.3 °C throughout the experi-
ments. Control cells were sham exposed in
the same exposure chamber but the system
was switched-off.

Chromosomal aberrations

After ELF-EMF exposure, cells were
incubated at 37 °C for 12 hours then treated
with colcemid at a final concentration of 0.4
pg/ml for 4 h to arrest cells in mitosis. Cells
were then harvested using 0.05% trypsin
treatment for 5 min. Cells were centrifuged,
medium removed and re-suspended in 10 ml
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hypotonic solution (0.075 M KCl) kept at
room temperature for 15 min. Cells were
fixed in cold Carnoy's fixative (methanol:
acetic acid, 3:1). The fixation procedure was
repeated three times before spreading on
slides and staining with Giemsa (5% in
Gurr's buffer pH 6.8 for 5 min). Metaphase
spreads were scored under a Zeiss light
microscope with a magnification of x 1000.
Two hundred metaphases per sample
were scored for the number of chromatid
and chromosomal aberrations. Different
types of chromatid and chromosome aberra-
tions; including gaps, isogap, breaks, dele-
tion, chromatid and chrromosome exchange
and double minutes were separately scored.

Statistical analysis

Statistical analysis was carried out
using the SPSS statistical software (version
16.0). One-way analysis of variance
(ANOVA) was performed to evaluate
differences between exposed and sham-
exposed, as well as between different
exposure conditions. A difference at a level
of P < 0.05 was considered statistically
significant.

RESULTS AND DISCUSSION

Results are summarized in table 1 and
shown in figure 1. As seen the frequency of
chromosomal aberrations in normal primary
cells derived from skin biopsy and exposed
to 3, 50 and 60 Hz EMF, increased as the
intensity of EMF field increased. Consider-
ing total aberrations, significant differences
(p<0.05) between exposed and sham-exposed
cells were observed. Also the difference be-
tween results obtained for cells exposed to 3
Hz and 50 or 60 Hz EMF was statistically
significant (p<0.05). These findings showed
an increase of nearly 7-fold for total aberra-
tions for cells exposed for 3 h to 50 and 60
Hz electromagnetic field compared to sham
exposed cells (figure 1).

Table 1 also show the results obtained
for cell lines used in this study and exposed
for 3 hours continuous 50 Hz electromag-
netic field. Frequency of aberrant cells and
chromosomal aberrations in MCF-7, SW480
and 1321N1 cell lines increased dramati-
cally compared to sham exposed control
(table 1). Data obtained shows statistically
significant difference (p<0.05) between

Table 1. Number of chromosome and chromatid type aberrations induced by ELF-EMF exposure in cultured normal human
fibroblasts, MCF7, SW480 and 1321 cell lines.

Chromosome aberrations Chromatide Aberration Ab
. errant
Total
Cell line | Treatment [ “T" T & 'Csﬁ pouble | .| ctd. | iso. Ctd. Cells
Gap |Break| change : Minute ap td. Del. Exchange| Del.
p g | g g
reak
Sham 3 3 3
Exposed
3Hz - - - 3 7 12 7
Human
Fibroblasts 50 Hz 2 2 4 1 2 11 1 23 10
60 Hz 1 3 3 2 12 1 1 26 11
1321N1 50 Hz - 4 2 2 16 27 13
SW480 50 Hz - 2 3 1 3 13 25 11
MCF7 50 Hz - 5 3 4 3 11 2 30 10
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exposed and sham-exposed cells (figure 1).
However, there was no statistical significant
difference between results obtained for
different cell lines, although MCF-7 cell line
showed more sensitivity to EMF field
compared to other cell lines.
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Figure 1. Percentage of total aberrant cells and total chromo-
somal aberrations induced by ELF-EMF exposure in cultured
normal human fibroblasts, MCF7, SW480 and 1321N1 cell

lines.

Results indicate that continuous
exposure of normal human fibroblast cells
led to an increase in the frequency of
different types of chromosomal aberrations
as the frequency of EMF increased (table 1).
Therefore, the extent of damage depends on
the frequency of exposure. These findings
are in agreement with some studies with
continuous ELF-EMF exposure of the cells
which also have shown an increase in
chromosomal damage 2527, In a study
Ivancsits et al. 2?® have shown that
biological effect of ELF-EMF was cell type
specific. Based on their results, some cell
types such as human fibroblasts, human
melanocytes, transformed rat granulosa
cells were responder and cell types such as
human lymphocytes, monocytes and skeletal
muscle cells were non-responder to ELF-
EMF @8,

Our findings shown in table 1 and
figure 1 are different with the report of
Ivancsits et al @9, As seen in figure 1
relatively similar frequency of chromosomal
aberrations are induced by 50 Hz ELF-EMF
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in human primary fibroblast cells and three
cell lines SW480, 1310N1 and MCF-7 with
different origins. SW480 cell is colon adeno-
carcinoma and MCF-7 is breast cancer. But
1321N11is human brain astrocytoma cell.
Therefore, all of these cells with different
origins have shown similar reaction to ELF-
EMF exposure.

The fate of a cell carrying a chromoso-
mal aberration is crucial for the assessment
of a possible cancer risk. Cells with unstable
aberrations of either chromosome or
chromatid type might be committed to
apoptosis or cell death, whereas cells with
balanced rearrangements and repairable
chromosomal damages like gaps, isogaps or
simple breaks may survive. Misrepair or
partially repaired damages might lead to
induction of stable mutations involved in
carcinogenesis @7 29 30 Although amongst
various types of DNA damages involved in
the production of chromosomal aberration,
the nature of DNA damage induced by ELF-
EMF is not well defined, but DNA fragmen-
tation due to ELF-EMF @3 might be
involved in the induction of chromosomal
aberrations following exposure to ELF-
EMF.

In conclusion, results indicate that
induction of chromosomal aberrations was
dependent on the frequency of ELF-EMF
and similar effect was seen in different cell
types studied after exposure to ELF-EMF.

REFERENCES

1. Karasek M and Woldanska-Okonska M (2004) Electro-
magnetic fields and human endocrine system. Scientific
World Journal, 20 (Suppl 2): 23-8.

2. Canseven AG, Seyhan N, Mirshahidi S, Imir T (2006)
Suppression of Natural Killer Cell Activity on Candida
Stellatoidea by a 50Hz Magnetic Field. Electromagnetic
Biology and Medicine, 25: 79 - 85.

3. Griffin GD, Khalaf W, Hayden KE, Miller EJ, Dowray VR,
Creekmore AL,Carruthers CW Jr, Williams MW, Gailey PC
(2000) Power frequency magnetic field exposure and
gap junctional communication in Clone 9 cells. Bioelec-
trochemistry, 51:117-23.

4. Miyakoshi J (2006) Biological responses to extremely
low-frequency electromagnetic fields. Journal of Derma-
tological Science Supplement, 2: S23-S30.

5. Villarini M, Moretti M, Scassellati-Sforzolini G, Boccioli


https://mail.ijrr.com/article-1-606-en.html

[ Downloaded from mail.ijrr.com on 2025-10-19 ]

Chromosomal aberrations in human cells exposed to ELF-EMF

B, Pasquini R (2006) Effects of co-exposure to ex-
tremely low frequency (50 Hz) magnetic fields and xeno-
biotics determined in vitro by the alkaline comet assay.
Sci Total Environ, 361: 208-19.

6. Pasquini R, Villarini M, Scassellati-Sforzolini G, Fatigoni
C, Moretti M (2003) Micronucleus induction in cells co-
exposed in vitro to 50 Hz magnetic field and benzene,
1,4-benzenediol (hydroquinone) or 1,2,4-benzenetriol.
Toxicol In Vitro, 17: 581-6.

7. Di Campli E, Di Bartolomeo S, Grande R, Di Giulio M,
Cellini L (2010) Effects of extremely low-frequency elec-
tromagnetic fields on Helicobacter pylori biofilm. Curr
Microbiol, 60: 412-8.

8. Tenforde TS (1992) Biological interactions and potential
health effects of extremely-low-frequency magnetic
fields from power lines and other common sources.
Annu Rev Public Health, 13: 173-96.

9. Tomenius L (1986) 50-Hz electromagnetic environment
and the incidence of childhood tumors in Stockholm
County. Bioelectromagnetics, 7: 191-207.

10.Linet MS, Hatch EE, Kleinerman RA, Robison LL, Kaune
WT, Friedman DR, Severson RK, Haines CM, Hartsock
CT, Niwa S, Wacholder S, Tarone RE (1997) Residential
exposure to magnetic fields and acute lymphoblastic
leukemia in children. N Engl J Med, 337: 1-7.

11.Feychting M, Forssén U, Floderus B (1997) Occupa-
tional and residential magnetic field exposure and leu-
kemia and central nervous system tumors. Epidemiol-
ogy, 8: 384-9.

12.Ahlbom A, Day N, Feychting M, Roman E, Skinner J,
Dockerty J, Linet M, McBride M, Michaelis J, Olsen JH,
Tynes T, Verkasalo PK (2000) A pooled analysis of mag-
netic fields and childhood leukaemia. Br J Cancer, 83:
692-8.

13.Verkasalo PK, Pukkala E, Hongisto MY, Valjus JE, Jar-
vinen PJ, Heikkila KV, Koskenvuo M ( 1993) Risk of
cancer in Finnish children living close to power lines.
BMJ, 307: 895-9.

14. Asanova TP and Rakov AN (1966) Health conditions of
workers exposed to electric fields of open switchboard
installations of 400-500 kV. Preliminary report. Gig Tr
Prof Zabol, 10: 50-2. Russian.

15. Fatigoni C, Dominici L, Moretti M, Villarini M, Monarca S
(2005) Genotoxic effects of extremely low frequency
(ELF) magnetic fields (MF) evaluated by the Tradescan-
tia-micronucleus assay. Environ Toxicol, 20: 585-91.

16.Simké M and Mattsson MO (2004) Extremely low fre-
quency electromagnetic fields as effectors of cellular
responses in vitro: possible immune cell activation. J
Cell Biochem, 93: 83-92.

17. McCann J, Dietrich F, Rafferty C, Martin AO (1993) A
critical review of the genotoxic potential of electric and
magnetic fields. Mutat Res, 297: 61-95.

18. McCann J, Dietrich F, Rafferty C (1998) The genotoxic
potential of electric and magnetic fields: an update.

Mutat Res, 411: 45-86.

19. Murphy JC, Kaden DA, Warren J, Sivak A (1993) Inter-
national Commission for Protection Against Environ-
mental Mutagens and Carcinogens. Power frequency
electric and magnetic fields: a review of genetic toxicol-
ogy. Mutat Res, 296: 221-40.

20. Vijayalaxmi and Prihoda TJ (2009) Genetic damage in
mammalian somatic cells exposed to extremely low
frequency electro-magnetic fields: a meta-analysis of
data from 87 publications (1990-2007). Int J Radiat
Biol, 85: 196-213.

21. Simké M, Kriehuber R, Weiss DG, Luben RA (1998)
Effects of 50 Hz EMF exposure on micronucleus forma-
tion and apoptosis in transformed and nontransformed
human cell lines. Bioelectromagnetics, 19: 85-91.

22. Vijayalaxmi and Obe G (2005) Controversial cytogenetic
observations in mammalian somatic cells exposed to
extremely low frequency electromagnetic radiation: a
review and future research recommendations. Bioelec-
tromagnetics, 26: 412-30.

23. Focke F, Schuermann D, Kuster N, Schar P (2010) DNA
fragmentation in human fibroblasts under extremely low
frequency electromagnetic field exposure. Mutat Res,
683: 74-83.

24. Crumpton MJ and Collins AR (2004) Are environmental
electromagnetic fields genotoxic? DNA Repair, 3: 1385-
7.

25.Winker R, Ivancsits S, Pilger A, Adlkofer F, Rudiger HW
(2005) Chromosomal damage in human diploid fibro-
blasts by intermittent exposure to extremely low-
frequency electromagnetic fields. Mutat Res, 585: 43-9.

26. Valjus J, Norppa H, Jarventaus H, Sorsa M, Nykyri E,
Salomaa S, Jarvinen P, Kajander J (1993) Analysis of
chromosomal aberrations, sister chromatid exchanges
and micronuclei among power linesmen with long-term
exposure to 50-Hz electromagnetic fields. Radiat Envi-
ron Biophys, 32: 325-36.

27. Skyberg K, Hansteen IL, Vistnes Al (2001) Chromoso-
mal aberrations in lymphocytes of employees in trans-
former and generator production exposed to electro-
magnetic fields and mineral oil. Bioelectromagnetics,
22: 150-60.

28. lvancsits S, Pilger A, Diem E, Jahn O, Rudiger HW
(2005) Cell type-specific genotoxic effects of intermit-
tent extremely low-frequency lectromagnetic fields.
Mutat Res, 583: 184-8.

29. Natarajan AT and Obe G (1984) Molecular mechanisms
involved in the production of chromosomal aberrations.
Ill. Restriction endonucleases. Chromosoma, 90: 120-7.

30. Obe G, Johannes C, Schulte-Frohlinde D (1992) DNA
double-strand breaks induced by sparsely ionizing radia-
tion and endonucleases as critical lesions for cell death,
chromosomal aberrations, mutations and oncogenic
transformation. Mutagenesis, 7: 3-12.

Iran. J. Radiat. Res., Vol. 8, No. 1, June 2010 29


https://mail.ijrr.com/article-1-606-en.html

[ 6T-0T-G20g uo woo (1w wouy pepeojumod ]


https://mail.ijrr.com/article-1-606-en.html
http://www.tcpdf.org

