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Abstract: 	 The living organisms have never before in its evolutionary history been exposed to electromagnetic radia-
tion, especially to extremely low-frequency electromagnetic fields (ELF-EMFs) that are ubiquitous in the 
modern environment. There are some investigations that suggest that such fields have detrimental effects 
on cells. On the other hand, there have been many attempts to develop radioprotective agents. In the pres-
ent study, BALB/c mice were exposed to 2.0 mT ELF-EMFs at 60 Hz frequency for 72 h, in the presence 
or absence of resveratrol (15 mg/kg), using sham-exposed mice and saline solution as negative controls, 
after which clastogenic effects were assessed by the micronucleus (MN) test. Resveratrol was shown to 
significantly (p<0.05) reduce ELF-EMFs-induced clastogenic effect on mice bone marrow MN. These 
findings suggest a potential use of resveratrol for radioprotection.

Key words: Extremely low-frequency electromagnetic fields, clastogenic effect, radiation protection, micronucleus, 
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Introduction 
The hazards of non-ionizing radiation, i.e. 50 to 
60-hertz frequencies, which fall in the extremely 
low-frequency range, usually defined as running 
from zero to 300 hertz became apparent since sev-
eral years ago when some works were published in-
dicating a potential risk associated with an exposure 
to extremely low-frequency electromagnetic fields 
(ELF-EMFs) (WHO 2007). Nowadays, the ELF-
EMFs are very common in the modern environment.

ELF-EMFs potential to induce genotoxic ef-
fects has been demonstrated in a number of bio-

logical systems, under several exposure conditions 
(Winker et al. 2005, Erdal et al. 2007, Celikler 
et al. 2009, Rageh et al. 2012, Udroiu et al. 2015, 
Heredia-Rojas et al. 2018 a,b). Furthermore, chem-
ical substances have been reported to significantly 
decrease radiation effects in biological systems 
(Singh & Krishnan 2015, Farhood et al. 2019); 
such molecules are known as “chemical protec-
tors” or “chemical radioprotectors”. Several chemi-
cal compounds that act as radioprotectors are also 
antioxidant agents. Resveratrol (3,5,4´-trihydroxy-
trans-stilbene) is a natural antioxidant compound 
mainly found in grapes and it has has been shown 
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that possesses in vivo free radicals scavenging prop-
erties, probably due to its effects as a gene regulator 
(Xia et al. 2017). 

Antigenotoxic potential of resveratrol, alone or 
in combination with other phytochemicals (Abra-
ham et al., 2012), in addition to its effects on reduc-
ing DNA oxidative damage (Attia 2012), bone mar-
row chromosomal aberrations (Bingöl et al. 2014), 
and genotoxins activity (Abraham et al. 2016) have 
been reported. Most of the researchers in this field, 
agreed that resveratrol possesses a multiplicity of ef-
fects related to health benefits (Kuršvietienė et al. 
2016). 

In the extant literature, there are no works try-
ing to evaluate the antigenotoxic activity of res-
veratrol against the clastogenic or mutagenic effects 
induced by ELF-EMFs. However, a recent report 
indicated that resveratrol may reverse the effects 
of ELF-EMFs on oxidative stress and immune re-
sponse among workers exposed to a long-term oc-
cupational exposure (Zhang et al. 2017). Also, res-
veratrol is capable to alleviate physiopathological or 
morphological changes in testis of rats exposed to 
alternating electric fields (Aslankoc et al. 2017).

In view of this interesting issue involving radi-
oprotection strategies, the current study was under-
taken to further evaluate the radioprotective effect of 
in vivo administration of resveratrol on preventing 
ELF-EMFs-induced clastogenicity on murine bone 
marrow cells.

Materials and Methods 
Animals

Twelve-week-old male Balb/c mice (27±2.1 g) 
were provided by the Bioterium of Facultad de Cien-
cias Biológicas at Universidad Autónoma de Nuevo 
León, México. They were kept in a pathogen- and 
stress-free environment at 24 °C, under a light-dark 
cycle (light phase, 06:00-18:00 h), and given water 
and food ad libitum. All animal treatments and sur-
gical procedures were performed in accordance with 
the University’s Animal Care and Use for Research 
Protocol, which is based on the National Guidelines 
for Ethics and Biosafety under the General Law of 
Health for issues regarding Health Research (Minis-
try of Health, Mexico City).

In vivo experimental procedure
To determine the effect of resveratrol on ELF-EMF-
treated animals, the following groups (6 mice per 
group) were considered: (a) 72 h of continuous 2.0 
mT ELF-EMF exposure plus intraperitoneal (i.p.) 
administration of resveratrol (Sigma-Aldrich, St. 

Louis, MO) in saline isotonic solution (15 mg/kg) 
before radiating, (b) 72 h of continuous 2.0 mT ELF-
EMF exposure plus i.p. administration of saline iso-
tonic solution before radiating, (c) sham-exposed 
mice treated with resveratrol, and (d) sham-exposed 
animals treated with saline alone. In spite of the low 
solubility of resveratrol in water, it was diluted in 
saline solution based on the rapid liver polyphenol 
metabolism and plasma binding to lipoproteins and 
albumin, which facilitates its entry to cells (Jannin 
et al. 2004).

ELF-EMF exposure
A standardized and characterized home-made mag-
netic field exposure facility, as previously reported 
(Heredia-Rojas et al. 2004, Heredia-Rojas et al. 
2010, Heredia-Rojas et al. 2017) was used. In brief, 
a coil was prepared by winding 552 turns of enam-
el-insulated copper wire (1.3 mm diameter), which 
produced a 13.5-cm radius and 71-cm length cylin-
drical solenoid. It was connected to step-down and 
variable transformers and plugged to a 110 V AC 
source. Animals were then placed in the middle of 
this structure in a homogeneous magnetic field, and 
kept at 25±0.2°C and 45% humidity. Sham-treated 
animals were used as negative controls, which were 
placed in the same room, but with the magnetic field 
device turned off.

Magnetic flux density was determined using a 
gaussmeter (Bell FW 6010, Orlando, Fl) and an at-
tached oscilloscope (BK-Precision model 2120, Dy-
nascan Corp., Chicago, IL), which was required to 
monitor the resulting field. A 60-Hz alternating sinu-
soidal magnetic field was then generated. Frequency 
content was almost pure 60 Hz (<2% total harmonic 
distortion) and 0.3 µT and 20 µT values were ob-
served for respective background magnetic field and 
local geomagnetic field. To maintain the exposure 
geometry, a plastic separator was inserted in the so-
lenoid to allow placing mice in predetermined zones 
where the oscillating magnetic field rms value was 
2.0 mT, providing food and water ad libitum.

Micronucleus (MN) test
At the end of the exposure time, mice were sacri-
ficed by cervical dislocation and bone marrow mi-
cronucleated erythrocytes frequency was evaluated 
as reported by Schmid (1976). For this, femurs bone 
marrow was flushed into a microfuge tube with 2.0 
ml foetal calf serum (FCS, Sigma-Aldrich), using 
a 22 G needle and 1.0 ml syringe. Cells were then 
obtained by centrifugation at 500g for 10 min and 
supernatant fluid discarded. Next, pellet was sus-
pended in 100 µl FCS and spread on microscope 
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coded slides. Air-dried smears were then stained 
with 5% May-Grünwald-Giemsa for 12-15 min and 
evaluated using a Leica DM2500 microscope (Leica 
Microsystems, Milton Keynes, UK) at 1000x. To 
determine MN frequency, 2000 consecutive poly-
chromatic erythrocytes (PCE) were scored for each 
animal, 3 smears per animal, giving a total of 18 
smears per studied group, after which slides were 
decoded. The used criterions for MN and PCE scor-
ing were based in those established by Hayashi et al. 
(1983) and MacGregor et al. (1990), who stand-
ardized and validated the original test developed by 
Schmid (1976). In rodents, MN remains in the cell 
after the main nucleus has been pushed out; these mi-
cronuclei are easy to observe under the microscope 
as small DNA-staining bodies in the cytoplasm. 
Similarly, PCEs are easily identified; polychromatic 
cells that uniformly stain positive for RNA or do 
not stain are referred to as PCEs or normochromatic 
erythrocytes (NCEs), respectively.

Statistical analysis
Statistical differences among groups were deter-
mined by analysis of variance for normal distribu-
tions and the correspondent Tukey test for estab-
lishing individual differences. Data normality was 
calculated by the Kolmogorov-Smirnov test (p< 
0.05). Results were expressed as mean ± SEM of the 
response of 6 animals per treatment group. Analyses 
were carried out by using SPSS v.15.0 package. 

Results
The aim of the present study was to evaluate the po-
tential of resveratrol to protect mice against ELF-
EMFs clastogenic effect, which was assessed by de-
termining bone marrow MN frequency. As shown in 
Fig. 1, a higher MN frequency was observed in ELF-
EMF exposed group without resveratrol (p<0.05), 
as compared with resveratrol-treated group and 
controls, as expected, based in our previous reports 
(Heredia-Rojas et al. 2017, Heredia-Rojas et al. 
2018a, 2018b). Moreover, in order to test if resvera-
trol itself could be an influence in MN frequency, 
unexposed ELF-EMFs animals and treated with res-
veratrol were compared with unexposed and inject-
ed with the vehicle only. Non-significant MN fre-
quency between resveratrol-treated sham-exposed 
animals and untreated control (sham-exposed) was 
observed (Fig.1). 

Discussion
Discovery of chemical protection for organisms has 
caused considerable interest among radiation biolo-
gists, especially in view of its possible practical ap-
plications. A large number of chemicals have been 
screened worldwide for possible radioprotective ac-
tivity, however only a limited number of substances 
have been found to possess a considerable radiopro-
tective action (Yashunskii and Kovtun 1985, Shi-

Fig. 1. Effect of resveratrol (Res) on murine bone marrow cells MN frequency. Cells were exposed to ELM-EMFs or 
untreated (sham-exposed), in the presence or absence of Res, and MN frequency measured as explained in the text. MN 
= micronucleus; PCEs = polychromatic erythrocytes; mT = miliTesla. Bars represent mean + SEM. Different letters on 
the bars indicate significant (p < 0.05) difference between groups.
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razi et al. 2007, Vasin 2014, Szejk et al. 2016). 
In the present study, protective effect of res-

veratrol on the clastogenic effect induced by a criti-
cal exposure to ELF-EMFs was observed. However, 
the problem of how chemical protectors operate in 
diminishing the effects of irradiation has been the 
object of much discussion. Suggestions and theories 
are still controversial and debatable at present. On 
the other hand, there is no valid reason to believe 
that all radioprotectors must act by the same mecha-
nism. Furthermore, the same substance may quite 
possibly protect with different mechanisms in differ-
ent systems. Resveratrol antioxidant activity is well 
known (Gülçin 2010, Singh et al. 2016, Nawaz et 
al. 2017, Xia et al. 2017). Since the 1970s, oxidative 
stress has been evoked as a contributor to pathogen-
esis, including genotoxicity, and thousands of stud-
ies have reported protective benefits of antioxidants 
(Schmidt et al. 2015, Xu et al. 2017). 

In addition, a number of reports have shown the 
antigenotoxic effects of resveratrol; antimutagenic 
activity against the heterocyclic amine MeIQx and 
the well-known mutagen ethyl methanesulfonate in 
Chinese hamster V79 cell line was observed (Boyce 
et al. 2004). Furthermore, in vitro experiments using 
HL-60 cells showed an inhibitory effect of resvera-
trol on chromosomal damage induced by diepoxyb-
utane, mitomycin-C, and patulin (Abraham et al. 
2012). A pre-treatment with resveratrol has also been 
showed to protect against aflatoxin-induced chro-
mosome aberrations and sister chromatid exchanges 
in cultured human lymphocytes (Türkez and Şişman 
2012). Regarding radioprotective effects, resveratrol 
has shown protection against chromosomal damage 
induced by gamma radiation (Carsten et al. 2008). 
Moreover, resveratrol pretreatment of cultured hu-
man lymphocytes, significantly reduced the geno-
toxicity induced by subsequent exposure to radioio-
dine-131 (Hedayati et al. 2013).

On the other hand, in the current study, direct 
resveratrol genotoxic effects were not observed (Fig. 
1). In this regard, there are some reports that claim 
for genotoxic effects of this compound. Matsuoka 
et al. (2001), observed an increased frequency of sis-
ter chromatid exchanges in CHL cells treated with 
resveratrol. In addition, MN frequency increase was 
also observed in CHO-K1 cells (Basso et al. 2013). 
However, most scientists agree that resveratrol has 
low toxicity as it is well-tolerated in several short-
term experiments (Almeida et al. 2009, la Porte 
et al. 2010, Wong et al. 2011). Moreover, recent 
clinical trials demonstrated that resveratrol is phar-
macologically safe (Patel et al. 2011). Data on tox-
icity of resveratrol in long-term bioassays are scarce 

(Zamora-Ros et al. 2006, Chow et al. 2010). 
In the present study, > 99% resveratrol was se-

lected instead of natural extracts from plants, fruits 
or commercial products, because its concentration is 
lower compared with the purified reagent. Further-
more, resveratrol treatment at 15 mg/kg was chosen 
from a previous reports indicating effective doses 
of 6.25 to 30 mg/kg in exerting antigenotoxic ef-
fects (Abraham et al. 2016).On the other hand, it 
is necessary to consider that electromagnetic field 
radiation induces stand-alone and combined effects 
on biological systems (Kostoff and Lau 2013), and 
for this reason several factors could be involved in 
the radioprotective response. In a recent report by 
Kim et al. (2017), it was shown that an exposure of 
a macrophage cell-line (RAW 264.7) at 0.8µT of 
ELF-EMFs can decrease the effectiveness of res-
veratrol against inflammatory responses through en-
hanced macrophage activation. In the present study, 
as we exposed the animals simultaneously to both, 
ELF-EMFs and resveratrol, an inhibition of the res-
veratrol action as antigenotoxic agent caused by 
magnetic fields exposure was not observed.

In summary, it was demonstrated that in vivo 
resveratrol treatment significantly reduce ELF-
EMFs murine bone marrow MN genotoxicity.
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