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Down-Regulation of Lipocalin 2 Expression in 
Mouse Testis after Exposure to Electromagnetic 
Field 
 

 
Abstract  
Background: The effects of electromagnetic field (EMF) on 
reproductive system have been of critical concern for a long 
time. It has been shown that the EMF can adversely affect tes-
ticular cells and tissue and decrease male fertility. The most 
important determinants of male fertility are sperm development 
and motility, which are affected by changes in several factors 
including lipocalin 2 proteins. In the present study, we investi-
gated the effects of exposure to EMF on testis tissue and ex-
pression of lipocalin 2 gene.  
 
Methods: Male BALB/c mice (8 weeks old) were exposed to 3 
mT EMF for 8 weeks, 4 hours/day. Control group (10 mice) 
did not receive EMF exposure. After the experimental period, 
the mice were sacrificed, and their testis tissues were examined 
by using light microscopy after hematoxylin-eosin staining. 
Additionally, total RNA and proteins were extracted from tes-
tis tissue and used to study the lipocalin 2 expression by real 
time RT-PCR and Western blot analysis.  
 
Results: The histological changes observed in the testes of ex-
perimental group included increased number of spermatocytes 
and Leydig cells, and increased thickness of basement mem-
brane compared with the control group. The mRNA and pro-
tein studies showed that expression of lipocalin 2 gene was 
down regulated in testes of the mice exposed to EMF.  
 
Conclusion: Our study showed that EMF down regulates the 
expression of lipocalin 2, a cytoprotective molecule, in testis tissue. 
This down regulation can be one of the mechanisms that contribute 
to the decreased fertility observed after exposure to EMF. 
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Introduction 
 

lectromagnetic fields (EMFs) generated by various 
electrical devices and power transmission lines affect 
most individuals worldwide.1 There are several evi-

dences that EMF may adversely affect normal physiologic 
function of various organs including the reproductive system.2 
The sensitivity of testis tissue to EMF has been shown before,3 
and it was reported that the reactive oxygen species produced 
as the result of exposure to EMF can lead to pathological

E 

 
 
 
 

Amaneh Mohammadi Roushandeh1, 
Raheleh Halabian2, Parisa Mozafari2, 
Jafar Soleimani Rad1,  
Behnaz Sadeghzadeh Oskouei1,  
Ali Samadi Kuchaksaraei3,  
Mehryar Habibi Roudkenar2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

1Department of Anatomy,  
Faculty of Medicine,  
Tabriz University of Medical Sciences,  
Tabriz, Iran. 
2Research Center,  
Iranian Blood Transfusion Organization,  
3Department of Biotechnology,  
Cellular & Molecular Research Center,  
Iran University of Medical Sciences,  
Tehran, Iran. 
 
Correspondence: 
Mehryar Habibi Roudkenar,  
Research Center,  
Iranian Blood Transfusion Organization,  
P.O. Box: 14665-1157, 
Tehran, Iran. 
Tel: +98 21 82052165 
Fax: +98 21 88601599 
Email: Roudkenar@ibto.ir 
Received: 3 May 2009 
Revised: 4 August 2009 
Accepted: 30 August 2009 

 

Original Article 

mailto:Roudkenar@ibto.ir


A. Mohammadi Roushandeh, R. Halabian, P. Mozafari, et al 
 

Iran J Med Sci December 2009; Vol 34 No 4 266 

changes in testis. These changes can lead to 
sub- or infertility.2,4- 8 

So far, several reports have shown that 
some members of the family of lipocalin pro-
teins contribute to the normal function of re-
productive system. The main functions of these 
proteins are transport of small hydrophobic 
molecules, control of cell metabolism and 
growth, and synthesis of prostaglandins.9,10 
However, the functions of several members of 
this family have not been clearly understood 
and need to be elucidated, especially with re-
gards to the reproductive system.11 One of the 
reproduction-related lipocalins is lipocalin 2 
(Lcn2), also called neutrophil gelatinase–
associated lipocalin (NGAL), which is a 21-kD 
protein with various biological activities.12 It has 
been known that Lcn2 plays a role in renal tu-
bular injury and its level rises rapidly in serum 
and urine after the injury.13,14 Lcn2 mediates 
delivery of ferric ions to mouse spermatozoa,15 
and enhances sperm motility.16-18 Successful 
fertilization requires normal motility of sperm.19 
As EMF decreases sperm motility; we hypothe-
sized that this abnormality could be the result of 
the effects of EMF on Lcn2 gene expression. 
 
Material and Methods 
 
Mice and Electromagnetic Field Exposure 

Seventeen male BALB/c mice aged 8 weeks 
were used in the present study. The mice were 
maintained on a 12/12-hours light/dark cycle 
throughout the experimental period. The mice 
were divided into two experiment (exposed; 7 
mice) and control groups (10 mice). The mice in 
experiment group were exposed to a 3 mT (50 
Hz) magnetic field in the exposure cage for 6 
days per week and 4 hours per day from 8:00 
AM to 12:00 noon for 8 weeks. After this period 
the mice were sacrificed by cervical dislocation 
and testis tissue was removed. Animal experi-
ments were approved by the Ethical Committee 
of Tabriz University of Medical Sciences.  
 
Histological Study 

After removal of testes, the tissues were cut 
into small pieces and fixed with 10% formalin 
solution for 24 hours. The fixed tissue was 
mounted on microscope slides with 5 μm sec-
tions, stained with hematoxylin-eosin (H&E) 
and examined by light microscopy.  
 
mRNA Study 

Total RNA from testis tissue was extracted by 
Trizol reagent (Invitrogen, Carlsbad, Canada) 
according to the manufacturer’s instructions. The 
quantity and quality of RNA were determined 
by spectrophotometry (ND-1000; Nanodrop, 

Wilmington, Delaware, USA ) and electropho-
resis, respectively. 

Total RNA underwent reverse transcription 
by SuperScript III reverse transcriptase (Invi-
trogen, Carlsbad, Canada) followed by DNase 
I (Invitrogen, Carlsbad, Canada) treatment and 
heat inactivation. 

Semiquantitative PCR was performed using 
Taq DNA polymerase (Roche, Germany) in a 
GeneAmp PCR system 9600 (PerkinElmer Life 
and Analytical Sciences, Wellesley, MA, USA). 
Primer set for the mouse Lcn2 was forward 5’-
CCA GTT CGC CAT GGT ATT TTTC-3’ and 
reverse 5’-CAC ACT CAC CAC CCA TTC 
AGTT-3’. Expression of the housekeeping 
gene β-actin was also examined by the follow-
ing primer set: forward 5’-TTC TAC AAT GAG 
CTG CGT GTG G -3’ and reverse 5’-GTG TTG 
AAG GTC TCA AAC ATG AT-3’. After initial 
denaturation (5 min at 94 °C), the Lcn2 PCR 
reaction was subjected to 30 cycles of 95°C for 
30 seconds, 60°C  for 30 seconds and 72°C 
for 30 seconds. And the β-actin PCR reaction 
was subjected to 30 cycles of 95°C for 30 sec-
onds, 59°C for 30 sec and 72°C for 30 sec-
onds. Both reactions were subjected to a final 
extension at 72°C for 5 min. PCR products 
were separated in a 2% agarose gel. 

Real-time PCR analysis was performed in a 
Rotor-Gene RG 3000 (Corbett Research, Syd-
ney, Australia) thermocycler. Amplification was 
conducted using ABsolute SYBR Green mix 
(ABgene, Surrey, UK) according to the manu-
facturer’s instructions. Briefly, 20 μl of total 
PCR reaction contained 10 μl of 2× SYBR 
Green mix, 10 pmole forward and reverse 
primers, and 1 μl of cDNA template. PCR was 
performed with the same primers mentioned 
above. The thermal profile was initial denatura-
tion at 94°C for 15 minutes followed by 40 am-
plification cycles consisting of denaturation at 
94°C for 30 seconds, annealing at suitable 
temperature for 30 seconds and extension at 
72˚C for 30 seconds. Threshold cycle values 
were normalized by β-actin expression. Tripli-
cate reactions were set up for each sample and 
their mean values were used for calculations. 
Lcn2 values were normalized to β-actin values 
and their relative expressions were calculated 
by comparative Ct (threshold cycle) method.  
 
Western Blot Analysis 

Total protein was extracted from mice testes 
by TriPure isolation reagents (Roche, Germany) 
according to manufacture’s protocol. Protein 
concentration was determined by Bio-Rad pro-
tein assay kit (Bio-RAD, USA) according to 
manufacture’s instructions. Same amounts of 
protein from control and exposed samples were 
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heated in 2× sodium dodecyl sulphate poly 
acrylamide gel electrophoresis (SDS-PAGE) 
sample buffer at 95οC for 5 min and run on 12% 
gel. After Protein samples were separated by 
SDS-PAGE and subsequently transferred over 
1.5 hours to a poly vinyl dene fluoride (PVDF) 
membrane (Hi-bond Amersham Biosciences, 
USA; 125 V) using the Mini Trans-Blot Electro-
phoresis Transfer Cell System from Bio-Rad 
(Hercules, CA, U.S.A.) in Tris/glycine buffer pH 
8.4 containing 20% (v/v) methanol. Then mem-
branes were blocked overnight with a solution 
containing 5% skimmed milk and 0.1% Tween 
20. Blocked membranes were washed with PBS-
0.05% Tween 20.  

For the detection of Lcn2, membranes were 
incubated with 1μg/ml of monoclonal anti-mouse 
LCN2/NGAL (neutrophil gelatinase-associated 
lipocalin) antibody (Cl 228418, R & D, USA), at 
room temperature for 1 h. Then, membranes 
were washed 4 times with phosphate buffered 
saline (PBS) containing 0.1 % Tween 20 and 
incubated with 1/5000 dilution of horseradish 
peroxidase-coupled secondary rabbit polyclonal 
anti-rat IgG-HRP (ab6734, ABcam, USA) for 1h. 
Membranes were then washed 4 times with PBS 
containing 0.1 % Tween 20. Membranes were 
developed with 3, 3-َdiaminobenzidine (DAB) 
solutions (Sigma, USA).  

For the detection of β-actin, membranes were 
also incubated with 1/5000 dilution of monoclonal 
anti-mouse β-actin (mAbcam 8226; ABcam, 
USA) at room temperature for 1 h followed by 4 
times washing with PBS containing 0.1% Tween 
20. Then, the membranes were incubated with 
1/2000 dilution of rabbit polyclonal anti-mouse 
IgG-HRP (ab6728, ABcam, USA). Membranes 
were then washed and developed same as de-
scribed for detection of Lcn2. 
 
Statistical Analysis 

The results are expressed as mean ± SD of 
three independent experiments. Student’s t-test 
was used for comparison of means and a  
p value of less than 0.05 was considered to be  

statistically significant. The data analysis was 
carried out by INSTAT view software version 3. 
 
Results 
 
Light microscopic examination shows the fol-
lowing changes in the testes tissues of ex-
posed mice compared with the control group: 
increased number of primary spermatocytes, 
dense nuclei of primary spermatocytes, in-
creased number of Leydig cells in the intersti-
tial space, and thickening of basement mem-
brane of somniferous tubules (figure 1). 

Analysis of Lcn2 mRNA by semiquantitative 
RT-PCR has shown that in EMF-exposed mice 
the mRNA level was decreased in comparison 
with controls (figure 2). Melt curve analysis has 
been shown in figure 3. Overlapping of beta-
actin and Lcn2 curves indicate that the curve is 
due to a single band. 

 
Figure 2: Expression of Lcn2 in mouse testis after expo-
sure to EMF. Eight weeks after exposure to 3mT and 50 
Hz of EMF, Lcn2 expression was determined by semi-
quantitative RT-PCR. After exposure period, Lcn2 expres-
sion was downregulated (lane 2) compared with the control 
without exposure, (lane 1). M, 100-bp marker. Lower figure 
indicates the expression of β-actin in both mice groups. M, 
100-bp marker.  

 
Figure 1: Histological findings in somniferous tubules of testis after 8 weeks of EMF exposure. (A) Unexposed testis tissue 
(control). (B) Primary spermatocyte with dense nucleus (black arrow) and interstitial cells (white arrow) in exposed testis tissue. 
(C) Increase of basement membrane thickness has been shown with white arrow in exposed tissue testis. 
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Real time PCR analysis has shown that the 
Lcn2 mRNA expression level is decreased in 
exposed mice for about 5-fold (5±2, P<0.001) 
in comparison with the controls (figure 4). Con-
sistent with mRNA results, Western blotting 
shows that the Lcn2 protein level in testis of 
EMF-exposed mice is lower than the controls 
(figure 5). These results indicated that electro-
magnetic field leads to downregulation of lipo-
calin 2 gene expression in testis tissue.  
 

 
 

Figure 4: Down- regulation of Lcn2 expression in testes of 
mice by real time PCR. (Mean±SD, ***: P<0.001). 
 
 

 
Figure 5: Western blot analysis of Lcn2 expression in 
mouse testis after exposure to EMF. Lcn2 was 
downregulated in  mouse exposed to EMF (Lane 2) 
compared with the control without exposure, (Lane 1). 
Lower figure indicates the expression of β- actin protein in 
both mice groups. 

Discussion 
 
Our results showed that exposure to EMF can 
lead to morphological changes in somniferous 
tubules of testis tissue. In an electron micro-
scopic study, Khaki and colleagues showed 
that exposure of rats to EMF led to increased 
deposition of fibrin and collagen in boundary 
tissue of testis.1 We have also noted thickening 
of basement membranes and boundary tissue 
in testes of the experimental group. These fea-
tures are observed in several testicular pa-
thologies and can interfere with exchange of 
substances between blood and somniferous 
epithelium. This can adversely affect normal 
germ cell development.20 Increased number of 
Leydig cells in interstitial tissue was another 
finding, which can be resulted from the cellular 
proliferative effects of EMF and may share a 
common mechanism with the cancer-inducing 
properties of electromagnetic fields.  

In an interesting study performed by Chung 
and co-workers,21 pregnant mice were ex-
posed to EMF and F1 male offspring were re-
ported to have no changes in testis histology 
and sperm parameters. When compared with 
our results, it shows that the effects of EMF on 
reproductive system could be specific to de-
velopmental stage. Also, the dosage and dura-
tion of exposure could be important. In 
Chung’s study, the mice were exposed to an 
electromagnetic field of 60 Hz for 10 days (vs 
50 Hz for 8 weeks in our study).  

It has been previously shown that EMF can 
induce germ cells apoptosis in somniferous 
tubules of testis.3 In the current study, pres-
ence of dense nuclei in primary spermatocytes 
might be a marker of early stages of apoptosis. 
However, further studies are needed to confirm 
this hypothesis. Recently, the function of Lcn2 
in protection of cells from apoptosis has been 
shown in a number of studies.22,23 Our finding 

 
Figure 3: Melt curve analysis. Left: beta-actin, right: Lcn2. Overlapping of beta-actin and Lcn2 curves indicate that the curve is 
due to single band. 
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of decreased expression of Lcn2 after EMF 
exposure may help to explain the mechanism 
of EMF-induced apoptosis. One of the adverse 
effects of exposure to EMF is production of 
reactive oxygen species.4-7 These molecules 
can lead to several cellular and molecular 
damages,8 and implicated as one of the 
causes of infertility.24 Reactive oxygen species 
are considered as a mechanism responsible 
for pathological changes observed after EMF 
exposure.1 We have recently found that Lcn2 
acts as a protective factor against H2O2 toxic-
ity,23 and its expression increases after expo-
sure to reactive oxygen species.25 These find-
ings emphasize the role of Lcn2 in reproduc-
tive system as is highlighted by its high level of 
expression in normal testis tissue.22 
 
Conclusion 
 
Testis is one of the organs in which high level 
of expression of Lcn2 was detected and its 
normal physiologic function is affected by ex-
posure to electromagnetic field. We showed 
that expression of Lcn2 gene is downregulated 
in testis tissue after exposure to EMF and this 
may account for some of the observed adverse 
effects including infertility. 
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