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Purpose: We wanted to evaluate the effects of a 2.45 GHz electromagnetic
field (EMF) radiation on germ cell spermatogenesis.

Materials and Methods: Twenty male Sprague-Dawley rats (4 weeks of
age) were exposed to a 2.45 GHz EMF for 1 hour or 2 hours a day. A
sham-exposed group served as the control. The whole body average
specific absorption rate (SAR) was 141 W/kg and the electric field
intensity was 60.1mV/m. The rats were confined in cages specially
designed for this study, and power was generated by a magnetron. After
8 weeks of exposure, the rats were sacrificed. The testicular germ cell status
was assessed by histopathological examination and this was correlated
with the hormonal level of the blood serum.

Results: Quantitative analysis of the Leydig cells showed a significantly
higher count in the 2 hours exposed rats than in the sham controls (p
<0.05), while the difference between the two exposed groups was in-
significant. Moreover, a concomitant increase in the serum testosterone
level was observed. A significantly decreased number of spermatocytes
appeared at the seminiferous tubules in rats exposed for 1 and 2 hours,
while this was not seen in the control.

Conclusions: These changes suggest that long-term exposure to EMF has
adverse effects on the proliferation and differentiation of spermatogonia
and this may be important in understanding the pathogenesis of EMF-
induced male infertility. However, further studies are needed to inves-
tigate the effects of a longer exposure time and higher dose. (Korean J
Urol 2007;48:1308-1314)
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PURPOSE

The rapid expansion of mobile phone and microwave oven
utilization has given rise to widespread concern about the safety
of electromagnetic field (EMF) exposure. According to experi-
mental data, EMF might inhibit transmission of signals in-
volved in the cell membrane (calcium ion), gene expression,
genetic mutation, immune expression, neuro-endocrine system,
and reproductive system.' Among studies which focused on the
reproductive effects of EMF (0.1 MHz-300 GHz) in animals,
Kowalczuk et al.” reported that 2.45 GHz microwave radiation

at 44 W/kg for 30 min resulted in abnormal sperm morphology,
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reduced sperm count and primary spermatocyte. The experi-
mental design that Kowalczuk et al.” adopted corresponds to
high density exposure for short term period. These type of EMF
exposure rarely take place in everyday lives of ordinary people.
However, we focused on to observe the long term effects of
low density EMF. Thus, we chose specific absorption rate
(SAR) level of 1.4 W/kg instead, which was similar to the
amount of daily exposure for the general public and exposure
limit in Korea and does not raise body temperature, and
investigated whether it had an adverse effect on spermato-
genesis when administered repeatedly at the pubertal stage. For
the frequency of EMF, 2.45 GHz was selected because it is

the frequency generated from human-made sources such as



Ji Yoon Kim, et al

microwave ovens and mobile phones. The objective of this
study is to investigate the effects of long term exposure to 2.45

GHz of EMF on reproductive function in male rats.

MATERIALS AND METHODS
1. Animals

Three week-old male Sprague-Dawley rats weighing 150-200
g were obtained from Korea Institute of Toxicology (KRICT)
and acclimatized at the mouse facility at the Yeungnam
University College of Medicine for 1 week before the experi-
ments. The rats were housed under 12 hour light/ 12 hour dark
cycle, constant temperature (19-22°C) and 30-70% humidity
and were fed distilled water and lab chow ad libitum. Experi-
ments were performed in accordance with the Animal Experi-

mentation Committee Regulation.
2. EMF Generating Device and EMF Shield Room

The EMF device and shield room was designed to irradiate
the experimental groups of rat in equal amount and density of
EMF by the Institute of biomedical engineering, Yeungnam
University (Fig. 1). Power was generated by a magnetron
(Samsung electronics, Korea) operating at 2.45 GHz. Forward
power into and reflected power from the waveguide were
measured by means of a 20dB coaxial bi-directional coupler
and two power meters (Marconi Sanders 6460). For rats
between a weight of 150 and 200 g, the time and whole-body
averaged SAR has been determined to be 1.4 Wjkg. This
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resembles the amount of daily exposure for the general public.
Measurement of the EMF was performed at two locations in
the chamber every week. The rats were housed in specially
designed non-metallic polycarbonate cages fitted with non-
metallic water bottles and placed on the tray of the EMF-expo-

sure device.
3. Experimental Design

Thirty rats were divided at random into 3 groups of 10
animals each. Two experimental groups were exposed to a 2.45
GHz EMF for 1 hour/day (Group El) or 2 hours/day (Group
E2) at 2 p.m. for 8 weeks. For sham-exposure, rats were placed
for 2 hours in similar waveguides, but they were not irradiated.
The body weight was recorded every week. Mean rectal
temperature was measured before and after the microwave
irradiation. After exposure to EMF, the rats were killed with
a lethal dose of penthobarbital, intraperitoneally and both testes
were excised and were weighed. Animal protocols used in the
research reported here were approved by the Animal Care
Committee of the School of Medicine, Yeungnam University

College of Medicine.
4. Hormonal Level Measurement

To minimize the diurnal fluctuation of hormonal secretion,
blood was drawn at between 9 a.m. and 11 am. by heart
puncture and serum concentrations of luteinizing hormone (LH)
and follicle stimulating hormone (FSH) were measured using a

chemiluminescence assay, and the testosterone concentration

Fig. 1. (A) Electromagnetic field shield room- the exterior view. (B) Electromagnetic field exposure facility inside the shield room.
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was determined by radioimmunoassay.
5. Testicular Histology

The testes were removed for histopathological examination.
The mean seminiferous tubular diameter was calculated for
each H-E stained testis under light microscope. This was done
by averaging the diameters of 40 round seminiferous tubules
randomly selected in each tissue section. Tissues were
examined histopathologically by using a testicular biopsy score
count.” The morphology and number of germ cells, Sertoli

cells, and Leydig cells were also evaluated.
6. Semen Analysis

Semen samples were collected from the left caudal epididy-
mis and were assessed for number and gross morphology
without the investigator knowing which samples were from
which group. The number of sperm was counted under a light
microscope with a Neubauer hemocytometer (Paulmarine, Ger-
many). The morphology of sperm were also examined under

the light microscope using sperm smears.
7. Statistical Analysis

Statistical analysis was carried out using one-way ANOVA.

A p value of <0.05 was considered statistically significant.
RESULTS

There was no statistically significant difference in the body
weight development between exposed and control groups. The
mean rectal temperature after exposure was 33.240.2°C in
Group E1 and 33.3#0.1°C in Group E2 compared to 32.1%
0.5°C in the sham exposed group. Overall, no significant

differences were noted between the groups.
1. Testicular Weight

The mean testicular weight was 1.8+0.2 g in the control
group, 1.8£0.5 g in Group El and 1.940.2 g in Group E2

showing no differences between the groups.
2. Micrometric Parameter of Testis

Table 1 shows the results of the micrometric parameter of
the testis. The measured seminiferous tubular diameters of rats
in the exposed groups were not statistically lower than the sham

exposed group. There was no significant difference in the

Table 1. Results of the quantitative micrometric parameters in each
group

Control Group El Group E2

Parameters (n=10) (n=10) (n=10)

No. of spermatids ~ 129.07+20.50 127.00+18.05 128.09+15.03

No. of spermatocyte  9.36+2.13 2.10£0.63*  1.55+0.55"
No. of Sertoli cells 23.35£15.85 20.60£1.30  19.40+1.42
No. of Leydig cells  9.46+0.78  11.78+0.50  13.10£0.80*
Tubular diameter (mm) 0.25+0.02 0.26+0.01 0.24+0.02

Values represent mean+SD. Significant difference compared to
control group (*p<0.05; "p<0.01).

number of spermatids between the groups though a significant
difference was seen in the number of spermatocytes between
the control group and Groups E1 (p<0.05) and E2 (p<0.01).
However, no significant difference was noted between Groups
El and E2 themselves. There was no significant difference in
the Sertoli cell count between the groups. The number of
Leydig cells in Group E2 was significantly higher than in the
control group (p<0.05). In the control group, the average
testicular biopsy score was 9.83+0.08, whereas in the Group
El and E2, they were slightly lower (9.24+0.05 and 9.12£0.23,
respectively) and there were no statistically significant
differences (Fig. 2).

3. Epididymal Sperm Counts

As shown in Table 2, epididymal sperm count in group E2
was slightly less than controls, but the difference was not
statistically significant. Also, there were no sperms showing

abnormal morphology in any of the groups.
4. Hormonal Level

Serum testosterone levels differed significantly between the
groups with values of 1.1+0.5 ng/ml and 2.6+1.4 ng/ml for the
control and Group E2, respectively (p<0.01). In Group El,
serum testosterone increased to 1.8 (0.8 ng/ml. However, no
statistically significant change was observed compared with the
control group. The levels of serum LH and FSH did not show

any significant difference between the groups (Fig. 3).
DISCUSSION

Conflicting observations have been reported on the adverse

effects of EMF on spermatogenesis and reproductive function.
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x400

Table 2. Epididymal sperm count after 11 weeks in each group

Group Sperm count (x10%ml) p-value
Control (n=11) 226.3£25.4

Group El (n=11) 222.5+34.4 0.081
Group E2 (n=11) 205.4+27.8 0.054

Values represent mean+SD.

Among studies reporting the potential toxic effects, Saunders
and Kowalczuk® and Kowalczuk et al.” have shown that 1.7
GHz (50 mW/cmz), 245 GHz (44 W/kg and 30 W/kg) can

affect seminiferous epithelium, sperm count, sperm morphol-

Fig. 2. (A) Histology of the
ipsilateral testis in the control rats.
H&E, reduced from x100, x200,
x400. (B) Histology of the testes in
Control, E1 and E2 groups. Note
that the number of spermatocytes is
decreased in group E2 compared to
the control group. H&E, reduced
from x200. (C) Histology of the
testes in the control, E1 and E2
groups. Note that the number of
Leydig cells (Pink arrow) is increas-
ed in group E2 compared to the
oA v control group. H&E, reduced from

x400 x400.

ogy, and primary spermatocytes in mice. However, these
studies focused mainly on the thermal effects of EMF.
Hyperthermia clearly increases the incidence of infertility.
However, low intensity pulsed EMF radiation currently emitted
by cell phones or microwave ovens exert non-thermal influ-
ences on living organisms long before heating occurs with the
temperature rise no more than 0.1°C. Circumstances that would
raise the body temperature would be rarely encountered by the
general population.6 The biological effects from EMF alone
were to be investigated in this research. Hyperthermic effects
of EMF exposure are observed when the absorbed energy per

kg body weight per second (called the specific absorption rate,
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SAR) exceeds about 4 W/kg for periods of about 1 hour. Also,
EMF in the frequency range of 10 MHz to 300 GHz is reported
to have non-thermal effects on organisms. Thus, we chose 2.45
GHz EMF (SAR of 1.41 W/kg) in the absence of a discernible
rise in temperature during exposure.

Nagler and White’ reported that in male rats, sperma-
togenesis begins 15 days after birth and they are fertile 45 days
after birth. In our study, the irradiation had been initiated at
sexually immature 4-weeks, even before spermatozoa appeared
in the seminiferous epithelium and was sustained to 8 weeks.
There are many doubts about how long is long enough to
observe the long term effects of EMF, though, Hecht and
Balzer’ reported that the long term effects have been given
from 200 hours up to 20 years in the study of EMF effects.

Many of the activities associated with reproduction including
meiosis, fertilization, and implantation of the embryo are
especially sensitive to toxic influences. The high rate of cell
division and differentiation in the developing fetus and in the
seminiferous epithelium make it particularly vulnerable. These

results are reproduced where significant degeneration of
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Fig. 3. Serum hormonal level in each group after electroma-
gnetic field (EMF) radiation. Values are reported as mean+SDs.
(A) Testosterone was significantly increased in Group E2
compared to the control group. *Significant difference com-
pared to the control group (p<0.01). (B) Luteinizing hormone
(LH) did not show any significant difference between the
groups. (C) Follicle stimulating hormone (FSH) did not show
any significant difference between the groups.

seminiferous epithelium in mice was observed after 50 mW/cm’
(1.7 GHz) EMF radiation.*”"° One of our main findings is that
the spermatocyte count was the lowest in the testis of Group
E2. This number was statistically significantly lower than that
of the Group El and the control. Our data confirms the results
obtained by Saunders and Kowalczuk,' who reported that
spermatocytes were the most sensitive to 2.45 GHz microwave
radiation.

In spite of these, sperm count and sperm morphology
remained normal in the EMF exposed group. Meistrich"'
reported that evaluation of sperm counts seems to be a good
indicator of spermatogenic damages. From these conflicting
data, the decrease in the number of spermatocyte in the Group
E2 might be considered to be an accidental finding. Moreover,
the same change was not seen in the Group E1. However, we
could observe another interesting finding that the Leydig cell
count in Group E2 was significantly higher than that in Group
El and the control.

According to Holm et al.,"> Leydig cell hyperplasia is asso-

ciated with impaired spermatogenesis. Leydig cell clusters were
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found more frequently in biopsies associated with impaired
spermatogenesis and the presence of micro-nodules seems to be
a histological marker of testicular failure in men. Thus, the
hyperplasia of Leydig cells would be expected to have impor-
tant influences on the restoration of normal spermatogenesis.”
This interpretation was strengthened by the fact that there was
concomitant increase in serum testosterone levels in the Group
E2. It was previously reported that testosterone alone could
induce spermatogenesis and produce normally fertile spermato-
zoa in the absence of circulating gonadotropins."* Moreover, the
androgenic threshold to maintain spermatogenesis in mice is
much lower than the threshold required for inducing spermato-
genesis."” These data demonstrate that chronic exposure throu-
ghout the sexually immature period to microwave frequencies
and power density level used in our daily lives substantially
affects the reproductive ability of males, but clinically relevant
effects of EMF radiation on the reproductive system is unlikely
to occur.

de Seze et al.'® showed that radiocellular telephones do not
disturb the secretion of anterior pituitary hormones in humans,
although the authors did not correlate them with testosterone
levels. In our study, serum LH and FSH did not show a
significant change between EMF irradiated and sham exposed
groups. Interestingly, Park et al."” reported the immediate
increase of LH in rabbits following irradiation with 2.45 GHz
microwave for 30 minutes. However, this sudden rise of LH
seems to have influenced by the stress originated from the high
density EMF of sub-lethal dose. Our study focused on to
eliminate subsidiary changes derived from stress or thermal
effects by adopting low density EMF and could not find any
significant difference in LH level.

In conclusion, the reduction of spermatocytes in rats exposed
to EMF suggests that prolonged exposure to low-level EMF
may have negative effects on spermatogenesis that presumably
deteriorates fertilization. However, Leydig cell hyperplasia
followed by an elevated level of serum testosterone may play
an important role in restoring normal spermatogenesis.
However, it is necessary to conduct further studies under
different experimental conditions, to clarify the effect of EMF

exposure.
CONCLUSIONS

After long-term exposure to electromagnetic field radiation

on rat’s testis, we found decrease of spermatocyte and Leydig
cells proliferation. And it was proved by increase of serum
testosterone.

These changes show that electromagnetic field radiation
gives negative effects on spermatogenesis. And we assumed
that proliferation of Leydig cells is important role to compen-
satory activation of spermatogenesis to maintain normal state.
For certification of this estimation, more long term studies
about radiation dose and exposed duration and reversibility in

electromagnetic field are needed.
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