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ABSTRACT

Background: It is proved that testis is sensitive to electromagnetic field (EMF) and its damage results in infertility.
Exposure to EMF induces reactive oxygen species production and affects on anti-oxidants defense mechanisms.
Metallothionein (MT) is a name for a group of low molecular weight (6-7 kDa), sulfhydryl rich proteins.
Expression of MT1 and MT2 genes in testis tissue after EMF exposure was aimed in this study. Methods: Male
BALB/c mice (8 weeks old) were exposed to 3 MT EMF for 8 weeks, 4 hours/day. After 8 weeks, the mice were
sacrificed and the testis tissue was removed. The testis pieces were stained with hematoxylin and eosin and
analyzed under an optical microscope. Assessment of MT1 and MT2 genes and also protein expression was
performed by real-time PCR and Western-blot, respectively. Results: In light microscopic observation, the number
of primary spermatocytes was increased significantly in EMF group (P<0.01). In addition, in interstitial space, the
number of leydig cells was increased significantly in EMF group (P<0.01) and basement membrane thickness was
increased as well. MT1 and MT2 genes were down-regulated significantly in testis tissue of mice exposed to EMF
both in mRNA and protein level compared to control. Conclusion: It is clear that MT is mediated in testis
development and spermatogenesis. Down-regulation of MT1 and MT2 after EMF in mouse testis might be
followed by some consequences that result in infertility. Iran. Biomed. J. 15 (4): 151-156, 2011
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INTRODUCTION

he biological effects of electromagnetic field
(EMF) have been studied extensively in

experiments involving both animal and human
tissues over the past several decades [1]. Among the
tissues, male reproductive system is very sensitive to
environment conditions, such as drugs, thermal stress
and EMF [1]. Spermatogenesis is affected by the
mentioned factors and sometimes results in sub-
fertility or infertility in men. In spite of the above
words, there are controversies about its impairment
effects of EMF [1-4]. A number of studies showed that
exposure to EMF did not induce any adverse effects on
spermatogenesis and reproductive capacity in
experimental animals and human [5-8]. In contrast,
other studies showed a clear damage to spermato-
genesis [5, 9-11]. The etiology of male infertilities is
largely undetermined, and our knowledge of

exogenous factors affecting the male reproductive
system is still limited. There are a number of data
implicated EMF in free radical production, such as
superoxide anion in different cells and organs, in
macrophages, kidney, liver, and monocytes [12-14].
Indeed, several findings concluded that magnetic field-
induced changes in enzyme activity and gene
expression affect membrane structure and function and
cause DNA damage [15-17].

Metallothionein (MT) is a name for a group of low
molecular weight (6-7 kDa), sulthydryl rich proteins of
61 to 68 amino acid residues. In 1957, it was
recognized by Margoshes and Vallee [18] as a
cadmium-binding protein in the kidney tissues of
horse. These intracellular non-enzymatic ubiquitous
polypeptides are distinguished by their extraordinary
high cysteine content (up to 30%) and paucity of
aromatic amino acids. In addition, MT are named
because of their high metal content and extraordinary
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Tablel. Primers of MT1, MT2 and B-actin genes.

G Pri Annealing Accession
enes rimers Temperature (°C) Number
MTI1 F primer 5-ACC TCC TTG CAA GAA GAG CTG CT-3’ 60 NM_013602

R primer 5'-GCT GGG TTG GTC CGA TAC TAT T -3°
F primer 5' -CCA TAT CCC TTG AGC CAG AA -3’
MT2 R primer  5'-ATC GAC GAG AGA TCG GTT TG- 3’ 60 NM_008630
B-actin Fprimer 5'- TTC TAC AAT GAG CTG CGT GTG G -3 59 NM 0073933

R primer  5'-GTG TTG AAG GTC TCA AAC ATG AT-3"

bio-inorganic structure [19]. Among these four
isoforms of MT protein, which has been recognized
until now, MT1 and MT2 are inducible forms that their
transcription is activated by a variety of stress stimuli,
namely metals, glucocorticoids, heat shock, a number
of pro-inflammatory cytokines, and reactive oxygen
species (ROS). Moreover, MT1 and MT2 play similar
biological roles in mammalian cells [20, 21].

It is proved that EMF can induce its hazardous
effects through ROS production. Therefore, the present
study was designed to evaluate expression of MT1 and
MT?2 as anti-oxidants at mRNA and protein level in
testis tissue after exposure to EMF.

MATERIALS AND METHODS

Mice and irradiation. Male BALB/c mice, 8 weeks
old, were used in this experiment. The laboratory was
maintained on a 12/12 h light/dark cycle. The mice
were placed inside the EMF exposure cage and
irradiated for 6 days/week; 4 hours/day from 8:00 AM
to 12:00 PM for 8 weeks [17]. After this period, the
mice were sacrificed by cervical dislocation and the
testis was removed and used for purposes of the study.
Animal experiments were approved by the Ethical
Committee of Tabriz Medical University and
performed in accordance with the guidelines.

Hematoxylin and eosin staining. For light
microscopic assessment, the testis pieces were stored
in 10% formalin solution for 24 hours and then
submitted to the routine process of slide preparation.
The 5-pm sections were stained with hematoxylin and
eosin.  Histological examination on testicular
morphology was performed under magnification (40x)
in five fields for each slide. Primary spermatocytes
were marked with large size cells in seminiferous
tubules.

RNA extraction. Total RNA from testis tissue was
extracted by Trizol reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s protocol. The
quantity and quality of RNA were determined by

spectrophotometry (ND-1000, Nanodrop, Wilmington,
DE, USA) and electrophoresis, respectively.

cDNA synthesis. Reverse transcription was
performed by SuperScript III reverse transcriptase
(Invitrogen, Carlsbad, CA, USA) with 1 pg of total
RNA, followed by DNasel (Invitrogen, Carlsbad, CA,
USA) treatment and heat inactivation. Semi-
quantitative PCR was performed using Taq DNA
polymerase (Roche Diagnostic, Germany) in a
GeneAmp PCR System 9600 (PerkinElmer Life and
Analytical Sciences, Wellesley, MA, USA). After
initial denaturation (at 94°C for 5 min), cDNA was
subjected to 30 cycles of PCR. Primer sets for mouse
MTI1, MT2 and B-actin have been shown in Table 1.
For normalization, expression of B-actin was examined
and PCR products were evaluated in a 2% agarose gel.
Real-time PCR analysis was performed in a Rotor-
Gene RG 3000 (Corbett Research, Sydney, Australia).
Amplification was conducted using absolute Syber
Green Mix (ABgene, Surrey, UK) according to the
manufacturer’s instructions. PCR condition included
an initial denaturation at 94°C for 15 min, followed by
40 cycles consisting of denaturation at 94°C for 30 s,
annealing at suitable temperature for 30 s and
extension at 72°C for 30 s. Threshold cycle values
were normalized by P-actin expression. Changes in
expression level of the genes were calculated according
to Ct (threshold cycle) method.

Western-blot analysis. Total protein was extracted
from mouse testis by TriPure Isolation Reagents
(Roche Diagnostic, Germany) according to the
manufacturer's protocol. Protein concentration was
determined by Bio-Rad Protein Assay Kit (Bio-RAD,
USA). Same amount of protein from control and
exposed samples was heated in 2x SDS-PAGE sample
buffer at 95°C for 5 min and run on 12% gel. After
separation on SDS-PAGE, protein samples were
transferred to a polyvinylidene diflouoride (PVDF)
membrane over 1.5 h (125 V, Hi-bond Amersham
Biosciences, USA) wusing the Mini Trans-Blot
Electrophoretic Transfer Cell system (Bio-Rad,
Hercules, CA, USA) in Tris-glycine buffer, pH 8.4,
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Fig 1. Hematoxylin and eosin staining of testis tissue in control (A) and EMF-
exposed groups (B). Arrow shows dense nucleus.

containing 20% (v/v) methanol. Then, the membranes
were blocked with a solution containing 5% skimmed
milk and 0.1% Tween 20. The blocked membranes
were washed with PBS and 0.05% Tween 20. For
detection of MT1 and MT2, the membranes were
incubated with a monoclonal anti-mouse MT1 and
MT?2 antibody at room temperature for 1 h. Then, they
were washed 4 times with PBS containing 0.1% Tween
20 and incubated with 100 mU/ml horseradish
peroxidase-coupled secondary antibody, rabbit anti-
mouse horseradish peroxidase ([ab 6728] ABcam,
USA) for 1 h. Afterwards, the membranes were washed
4 times with PBS containing 0.1% Tween 20. Finally,
diaminobenzidine solution was used to visualize the
protein bands (Sigma, USA).

Statistical analysis. The results are expressed as
mean + SD of three independent experiments.
Differences were compared using student's t-test.

RESULTS

Histological results. Microscopic  observation
showed that primary spermatocytes were situated near
to the basement membrane of seminiferous tubules and
their numbers were increased in EMF exposure group
compared to control group (P<0.01). Morphologically,
primary spermatocytes are large in size and their
counting are easy. According to our results, their
numbers in EMF group increased compared to control
group (45 + 8 versus 28 £ 5). Results obtained from
hematoxylin and eosin staining showed that nucleus of
primary spermatocytes was denser and darker than
control group (Fig. 1A). These configurations of
nucleus showed apoptosis occurrence in proliferative
cells of seminiferous tubules. Moreover, in interstitial
space of EMF exposure group, the number of Leydig
cells was increased compared to control group
(P<0.01). The number of Leydig cells in EMF group
was 23 + 8 versus 13 + 4 in control group. Another
histological finding presents that basement membrane
of seminiferous tubules was thickened in EMF group
compared to control (Fig. 1B).

Downregulation of MT1 and MT2 in mouse testis
after exposure to EMF. To determine whether EMF
could change MT1 and MT2 gene expression, mice
were exposed to EMF exposure and the gene
expression was assessed by real-time PCR and
Western-blot. Firstly, we performed semi-quantitative
RT-PCR. MT1 and MT2 genes were expressed in
control samples. This result indicates that expression of
MT1 and MT2 genes in testis is necessary for normal
physiology of the cells. However, expression of MT1
and MT2 were down-regulated in the exposed samples
compared to the normal (Fig. 2).

Secondly, we quantified MT1 and MT2 expression
by real-time PCR. MT1 expression was decreased
about 5 folds (5 + 0.07, P<0.001) in EMF exposure
group compared to control. Similarly, MT2 expression
was also decreased in EMF exposure group about
3 folds (3 + 0.091, P<0.001) compared to control
samples (Fig. 3A). Melting curve of MT1, MT2 and

EMF Controls

200 bp B-actin
115bp

<—

Fig 2. MT1 and MT2 gene expression determined by RT-PCR
in control and EMF-exposed groups. Lanes 1, 2 and 3 show
EMF-exposed group and lanes 4, 5 and 6 show controls. Down-
regulation of MT1 and MT2 has been shown in (A) and (B),
respectively. (C) Shows B-actin expression in both groups. The
experiment has been shown in triplicate.
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Fig. 3. (A) Down-regulation of MT1 and MT2 expression
after exposure to EMF by real-time PCR (mean + SD,
**%P<0.001) and (B) melting curve of MT1, MT2 and B-actin.

housekeeping gene (B-actin) have been shown in
Figure 3B.

Finally, to assess the MT1 and MT2 expression in
protein level, Western-blot analysis was performed.
Consistent with real-time PCR results, a faint band was
observed in exposed samples compared to the controls,
indicating down-regulation of MT1 and MT2 protein
expression (Fig. 4).

DISCUSSION

Increased risks of growth retardation and skeletal
system abnormalities in animal fetuses and occurrence
of cancer and other diseases in human are the most
important reasons for investigation of EMF effects on
biological systems [2]. In spite of several
investigations about EMF and its harmful effects on
different tissues in experimental or clinical level,
mechanisms of ROS and anti-oxidants balance have
not been completely investigated.

The present study demonstrates that expression of
MT1 and MT2 as two anti-oxidants in both RNA and
protein level was decreased after EMF exposure and
oxidative-anti-oxidative balance in rat testis.

It is proved that EMF induces ROS production in
different cells and organs. Down-regulation of MT
genes is closely associated with increased formation of
ROS and reactive nitrogen species, respectively.
Excessive production of these harmful substances
along with a reduction in anti-oxidants eventually
results in oxidative-anti-oxidative balance [22-24].

Interestingly under normal conditions, the steady-
state levels of MT1/MT?2 in rodent testes are higher
than those found in other organs [25]. Down-regulation
of MT1 and MT2 as anti-oxidants more probably is
because of free radical production. Our results are
consistent with the previous finding regarding the
hypothesis that EMF exposure is associated with free
radical production [17]. More invasive studies have
shown that magnetic field influenced lipid peroxidation
and anti-oxidant defense system in rat tissues [19]. Lee
and his colleagues [11] suggested that EMF could
deteriorate anti-oxidant defensive system by ROS
production. It has been proposed that moderate levels
of ROS can induce an increase in anti-oxidant enzyme
activities, whereas very high-level of these reactants
was shown to attenuate anti-oxidant enzyme activities
[26]. In our study, down-regulation of MT1 and MT2
could be explained with high-level production of ROS
after EMF exposure in mouse testis. Histological
results obtained in our study, have confirmed that some
pathological changes are occurred in the testis tissue. It
has been proved that intracellular metal homeostasis,
heavy metal detoxication, and scavenging a wide
variety of ROS, including hydroxyl radicals,
superoxide, hydrogen peroxide, and nitric oxide are
among the accepted roles of MT, though the exact
molecular mechanism(s) of function are not fully
understood [27, 28]. Interestingly, it has been revealed
that the aptitude of MT in scavenging of hydroxyl
radicals are mostly in charge of the ROS toxicity and is
about three hundred times higher than glutathione, the
most plentiful intracellular anti-oxidant [27, 29].

One explanation of how the decreased MT1 level can
modulate cellular sensitivity and sensitize germ cells to
EMF may be the induction of apoptosis in these cells;
however, it is not completely understood. In the
present study, the presence of dense nucleus in testis
tissue might be a marker of early stages of apoptosis

Controls EMF

(A) MTI

(B) MT2

B-actin

©

Fig 4. Western-blot analysis of MT1 and MT2 expression in
mouse testis after exposure to EMF. MT1 and MT2 were down-
regulated in mouse testis after exposure to EMF [lanes 4, 5 and
6 in (A) and (B)] compared to control group [lanes 1, 2, and 3
in (A) and (B)]. (C) Shows f-actin expression in both mice
groups.
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[29]. Many stresses and drugs, such as ultraviolet
irradiation, mitomycin C, lucocorticoids, heat shock
and heavy-metals were found to induce MT synthesis
and lead to the accumulation of the wild-type p53.
Furthermore, MT is involved in DNA repair and very
recently in programmed cell death [2].

Our results showed that EMF could affect on testis in
histological and molecular levels. These changes might

result in functional

abnormality in testis and

subsequent sub-fertility and infertility; however, more
investigation must be elucidated.
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