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Immunohistochemistry staining

Testes fixed in Bouin’s solution were dehydrat-
ed in graded alcohol, embedded in paraffin, 
and cut into 4-μm sections for immunohisto-
chemistry using rabbit antibodies to GnRH, 
androgen receptor (AR) and metastasis-associ-

Effects of EMP on male reproductive capacity

At 9 weeks of age (two weeks after EMP expo-
sure), 8 males from each group were housed 
each with 2 females for one week to monitor 
mating activity and outcomes. Mating with 
sham exposure males yielded 83.33% preg-

Figure 3. Effects of EMP on AR protein expression in mice testicles. AR expres-
sion was detected by immunohistochemical analysis and expressed as mean ± 
SD (n=3). Leydig cells were positively stained as brown or dark-brown (indicated 
by the arrows). #P < 0.05; *P < 0.01 vs. Sham-exposure.

ated protein 1 (MTA1), and 
biotin-labelled goat anti-
rabbit IgG and DAB kit 
(Institute of Biotechnology, 
China).

Real-time PCR 

RNA was isolated from the 
testes using RNAiso Plus 
following the manufactur-
er’s recommendations. To- 
tal RNA was reverse tran-
scribed using the Prime 
ScriptTM Kit. PCR was per-
formed using Super Real 
PreMix (SYBR Green) kit 
and the following primers: 
GnRHR TAAAGATGACAGTC- 
GCATTCG, TTCACTGGCTCT- 
GACACC; AR (androgen re- 
ceptor) CTCTTTCAAGGGA- 
GGTTACG, CAGAGACAGAG- 
AGGACGG; GAPDH TCCT- 
GCACCACCAACTGCTTAG,  
AGTGGCAGTGATGGCAT- 
GGACT. Cycling conditions 
were as follows: denatur-
ation at 95°C for 5 min;  
and 40 cycles consisting  
of 15 s denaturation at 
95°C, 15 s annealing at 
60°C, and 20 s extension 
at 72°C. 2-ΔΔCt (ΔΔCt = 
experimental group ΔCt - 
control group ΔCt) formula 
was used to calculate rela-
tive expression levels. 

Statistical analysis

Statistical analyses were 
performed using the SPSS 
16.0 for Windows. The data 
were analysed by ANOVA. P 
< 0.05 was considered sta-
tistically significant. 

Results
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nancy rates and expected birth outcomes 
(Table 1). However, all 16 females mated to 
EMP exposed males failed to conceive (P < 
0.05). 

Effects of EMP on serum hormone concentra-
tions

As expected in prepuberal mice, a rise in tes-
tosterone concentrations was observed in con-
trol male mice from 1 to 30 days (Figure 1A). 
However, serum T concentration remained at 
basal levels up to 60 days following treatment 
in male mice exposed to EMP. Serum GH con-
centration remained stable throughout the 
experimental period in control mice (Figure 
1B). However, in EMP exposed mice, GH con-
centrations decreased sharply up to 14 days 
following the treatment period with a moderate 
recovery thereafter. Serum GnRH concentra-
tion oscillated throughout the experimental 
period but were always lower (P < 0.05) in EMP-
treated mice (Figure 1C). There was no signifi-
cant difference in serum FSH concentration 
between control and EMP-treated mice (Figure 
1D). In contrast, LH concentration was lower in 
EMP-treated mice compared to control mice 7 
days after treatment (P < 0.05, Figure 1E). 

Effects of EMP on GnRHR and AR expression 
in the testis of the mice

By immunohistochemical staining we found 
that both GnRHR and AR expression was lower 
in the testis of the mice exposed to EMP radia-
tion at all the time points analyzed compared to 
control mice (P < 0.05, Figures 2, 3). 

Furthermore, by real-time PCR we found that 
both GnRHR and AR mRNA expression was 
lower in the testis of the mice exposed to EMP 
radiation at all the time points analyzed com-
pared to control mice (P < 0.05, Figure 4). 

Effects of EMP on MTA1 expression in the tes-
tis of the mice

To confirm that EMP impairs reproductive func-
tion of male mice, we detected the expression 
of MTA1, which plays an important role in the 
spermatogenesis in developing mouse testis 
[15]. By immunohistochemical staining we 
found that MTA1 expression was lower in the 
testis of the mice exposed to EMP radiation at 
all the time points analyzed compared to con-
trol mice (P < 0.05, Figure 5). 

Discussion

In this study, male mice exposed to EMP during 
their prepuberal period failed to produce pups 
when they mated at 9 weeks of age, whereas 
control mice displayed normal fertility. More- 
over, infertility in treated mice was reflected by 
a reduction in serum testosterone, GnRH and 
GH concentrations compared to sham treated 
mice. Previous studies have shown that electro-
magnetic radiation at a variety of frequencies 
has detrimental effects on reproductive func-
tion in adult animals [16]. In male rats the nega-
tive effects of EMP on the fertility were reflect-
ed by decreased seminiferous tubule size diam-
eter, sperm counts and serum testosterone 
concentrations. Similarly, microwave irradiation 
at 90 W/cm2 decreased testosterone concen-

Figure 4. Effects of EMP on GnRHR and AR mRNA expression in mice testicles. GnRHR and AR mRNA expression 
was detected by real-time PCR and expressed as mean ± SD (n=3). #P < 0.05; *P < 0.01 vs. Sham-exposure.
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tration as well as testicular StAR and P450scc 
mRNA expression levels in male rats. Exposure 
of adult male rats to a constant magnetic field 

in target cells and then the regulation of gene 
transcription. It was shown that the expression 
of AR reached the highest levels in testicular 

Figure 5. Effects of EMP on MTA1 expression in mice testicles. MTA1 expres-
sion was detected by immunohistochemical analysis and expressed as mean 
± SD (n=3). Spermiocyte and Sertoli cells were positively stained as brown or 
dark-brown (indicated by the arrows). Scale bar: 50 μm. #P < 0.05 vs. Sham-
exposure.

of 128 mT for 30 days also 
had a negative impact on 
serum testosterone con-
centration. In previous stu- 
dy, we observed that ex- 
posing prepuberal BALB/c 
male mice to EMP radiat- 
ion resulted in smaller tes-
tes with concomitant re- 
duction in sperm numbers 
and increase in sperm ab- 
normalities at puberty, co- 
mpared to untreated con-
trols [14]. In present study 
we confirm our previous 
results and provide a po- 
tential endocrine explana-
tion for the negative effe- 
cts of EMP radiation on 
reproductive function. 

Coordinated endocrine reg-
ulation of the hypothalam-
ic, pituitary and gonadal 
axis is crucial for normal 
fertility. Therefore, we in- 
vestigated the potential 
effects of EMP radiation  
on GnRH, FSH, LH, GH  
and testosterone concen-
trations in the serum. In- 
terestingly, we found that 
EMP only impaired the lev-
els of testosterone, GnRH, 
and GH. Reduced testos-
terone level observed in 
EMP treated mice may 
have potentially been re- 
sulted from a direct detri-
mental effect of EMP ra- 
diation on Leydig cells. Te- 
stosterone is the most 
important hormone in male 
reproduction, affecting all 
testicular development and 
spermatogenesis, as well 
as the development of sec-
ondary male characteris-
tics, libido and sexual func-
tion [17]. The effects of tes-
tosterone are mediated via 
its interaction with the AR 
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