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Abstract The object of present study is to investigate the effects of 50 GHz microwave
frequency electromagnetic fields on reproductive system of male rats. Male rats of Wistar
strain were used in the study. Animals 60 days old were divided into two groups—group I
sham exposed and group II experimental (microwave exposed). During exposure, rats were
confined in Plexiglas cages with drilled ventilation holes for 2 h a day for 45 days
continuously at a specified specific absorption rate of 8.0x10 *W/kg. After the last
exposure, the rats were sacrificed immediately and sperms were collected. Antioxidant
enzyme (superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase), histone
kinase, apoptosis, and cell cycle were analyzed in sperm cells. Result shows a significant
decrease in the level of sperm GPx and SOD activity (p<0.05), whereas catalase shows
significant increase in exposed group of sperm samples as compared with control (p<0.02).
We observed a statistically significant decrease in mean activity of histone kinase as
compared to the control (p<0.016). The percentage of cells dividing in a spermatogenesis
was estimated by analyzing DNA per cell by flow cytometry. The percentage of apoptosis
in electromagnetic field exposed group shows increased ratio as compared to sham exposed
(»<0.004). There were no significant differences in the Go/G; phase; however, a significant
decrease (p<0.026) in S phase was obtained. Results also indicate a decrease in percentage
of G,/M transition phase of cell cycle in exposed group as compared to sham exposed (p<
0.019). We conclude that these radiations may have a significant effect on reproductive
system of male rats, which may be an indication of male infertility.
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Introduction

Environmental exposure to electromagnetic fields and radiation (EMFs) has now steadily
increased. Everyone is exposed to radiofrequency/microwave radiation emissions from
wireless devices such as cellular phones and cordless phones, cellular antennas and towers,
broadcast transmission towers, voice and data transmission for cell phones, pagers and
personal digital assistants, and other sources of microwave radiations. The main source of
exposure to 50 GHz radiations is emitted from microwave installation and equipment, used
for a variety of purposes in addition to millimeter wave communication. Present study was
designed to determine the effects of 50 GHz non-thermal microwave radiation on
reproductive system. This frequency was so chosen because 50 GHz has a much smaller
penetration depth which may cause an increase in the random molecular motion due to free-
radical processes within the cell. The data presently available regarding the biological
effects and medical applications of sub-millimeter wave therapy are not many and some
need to be confirmed. So far, most of the investigations are confined to a frequency up to
10 GHz. Above range frequencies will have limited penetration into the body and to study
their mode of interaction with system, including these at cellular and molecular levels, will
be interesting to examine. Several studies have demonstrated that repair of tissue could be
stimulated by millimeter wave, suggesting that such effects are mediated by activation of
the organism’s own recovery mechanism. The mechanism to these effects is important to
examine. It will be of further interest to establish their commonality with after-exposure
parameters at comparatively lower frequencies. The study also aims to spread over the
electromagnetic field (EMF) effect over a wider band of non-ionizing electromagnetic
spectrum.

The increasing use of wireless communication devices has led to concerns that exposure
to electromagnetic (EM) waves emitted by these devices may cause adverse health effects.
Kesari and Behari [1] reported DNA double strand break and alteration in antioxidant
enzyme activity by exposing the Wistar rat brain at 50 GHz frequency. Paulraj and Behari
[2] indicated DNA single strand break and decrease in level of protein kinase at 2.45 GHz
[3]. The present study on reproductive pattern is the continuation of our earlier study on
brain system. The present study has been carried out with antioxidant enzyme (glutathione
peroxidase, superoxide dismutase, and catalase), histone kinase, and cell cycle changes in
sperm cells.

The present study has been performed in agreement with many studies, which were
carried out in human as well as in animal model. The study of Fnu et al. [4] involving
361 men attending an infertility clinic suggested that use of cell phones adversely affects
the quality of semen by decreasing sperm counts, motility, viability, and morphology,
which might contribute to male infertility. In another study of Fejes et al. [5] on 371
men, it was suggested that prolonged use of cell phones might have negative effects on
the sperm motility. In a similar pilot study of Agarwal et al. [6], they reported that the
direct exposure of human semen samples to cellular phone radiation (in talking mode)
decreased sperm motility and viability. In a small prospective study involving 13 normal
men, GSM phone usage of 5 days for 6 h per day decreased the rapid progressive
motility of sperm [7]. Investigators also found a decrease in sperm motility in semen
samples of men exposed to a 900-MHz cell phone for 5 min [8]. Furthermore, adverse
effect of microwave radiations on animal model already has been established, where a
decrease in diameter of seminiferous tubule [9, 10], weight of testicular organs (i.e.,
caput, cauda, and corpus), sperm count [I11], and destruction in Leydig cells were
obtained.
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The present study was incorporated in biological systems affected by electromagnetic
radiation, where the mechanisms of tissue damage are thought to involve reactive oxygen
species. Human spermatozoa represent a growing list of cell types that exhibit a capacity to
generate reactive oxygen species (ROS). ROS are important mediators of sperm function.
Mammalian spermatozoa membranes are rich in unsaturated fatty acid, which are sensitive
to oxygen-induced damage mediated by lipid peroxidation (LPO) [12]. However,
antioxidants are known as general compounds which dispose, scavenge, and suppress the
formation of ROS or oppose their actions of the antioxidants where the enzymes
glutathione peroxidase (GPx), superoxide dismutase (SOD), and catalase (CAT) play
significant roles [13]. ROS, including superoxide anion, hydrogen peroxide, and hydroxyl
radical, act as subcellular messengers in such complex processes as mitogenic signal
transduction, gene expression, and regulation of cell proliferation when they are generated
excessively, or when enzymatic and non-enzymatic defense systems are impaired [14, 15].
The primary defense against oxidative stress in the cell with antioxidants includes SOD,
GPx, and catalase. SOD specifically converts superoxide radicals to hydrogen peroxide,
and CAT and GPx detoxify hydrogen peroxide to water [15, 16]. The above hypothesis
shows that the ROS may be involved in the action of MW on biological system [17, 18]. It
is important that antioxidant treatments in animals and humans could be beneficial in
preventing or reducing some complications of low-frequency MW [18].

In the present study, we have also carried out histone kinase with cell cycle analysis.
These parameters are correlated to each other. The most widely known protein kinases are
those that catalyze the phosphorylation hydroxy amino acids, i.e., serine/threonine protein
kinases and tyrosine kinases. Another type of protein kinase has been shown to
phosphorylate proteins on the imidazole nitrogens of histidine. The best known group of
these enzymes are the histidine kinases. Phosphorylation by protein kinases is a major
signal transduction mechanism used by eukaryotic cells to regulate proliferation, gene
expression, metabolism, motility, membrane transport, besides many others. The study of
testicular cell suspensions in terms of rapidity and objectivity has been made by flow
cytometry (FCM) [19]. The intensity of fluorescence per cell is measured by flow
cytometry (FC) and, since it corresponds to its amount of DNA, the proportion of cells at
each intensity represents the proportion of cells at different cell cycle phases—apoptosis,
G()*Gl, S, and Gz*M [20]

In pursuance of our earlier work, we have decided to study the effects of 50 GHz
electromagnetic field on the abovementioned parameters, which may be a positive indicator
of tumor promotion.

Material

The Glutathione Peroxidase (GPx, catalog no. 703102), Catalase (catalog no. 707002), and
Superoxide Dismutase (SOD, catalog no. 706002) antioxidant enzyme kit was purchased
from the Cayman Chemical Company, Ann Arbor, MI, USA. pL-Dithiothreitol (DTT),
aprotinin, leupeptin, pepstatin A, phenylmethanesulfonyl fluoride (PMSF), ethylene
glycerol bis (2-aminoethyl)-N,N,N',N' tetra acetic acid (EGTA), adenosine-5' triphosphate
disodium salt hydrate (ATP), and 3-glycerol phosphate disodium salt pentahydrate were
purchased from Sigma-Aldrich, Germany. The other two are Histone H1 cat. no. 14-155
from Upstate, NY and propidium iodide (PI) purchased from HiMedia. P*? radioactive-
labeled ATP was purchased from BRIT, Hyderabad, India. The rest of the chemicals were
purchased from Thomas Baker Chemicals Limited, Marine Drive, Mumbai.
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Methods
Animal Exposure

Male Wistar rats (60 days old and 190+20 g body weight) were obtained from the animal
facility of Jawaharlal Nehru University, New Delhi. These were divided into two groups:
sham exposed (n=6) and experimental group (n=6). In the animal exposure and subsequent
experimentation, a blind study was conducted and repeated. All animals were housed in an
air-conditioned room, where the temperature was maintained at 25°C with constant
humidity (40-50%). Air circulation was constantly maintained to keep it in equilibrium
with the room temperature. The animals were provided with standard food pallets (prepared
by Brook Bond India Limited) and water ad libitum.

The protocol and study method was approved by the Institutional Animal Ethical
Committee and the Committee for Purpose of Control and Supervision of Experiments on
Animals.

Exposure Chamber

Two rats at a time were placed in a Plexiglas cage which was ventilated with holes
of 1 cm. The inner dimensions of the animal holding cage were 31 x 9.2 x
8.5 cm (length x breadth x height) and it was made in such a way that the animals can
move freely. The chamber is lined with radar absorbing material (attenuation, 40 dB) to
minimize the possibility of any reflections. At far field distance from horn antenna, it was
found that the field is homogeneous in vertical plane of midline of the beam. Rats were
exposed with 50 GHz continuous source through the antenna, 2 h a day for 45 days (Fig. 1).
The power density at receiving end was measured (0.86uW/cm?) and the nominal specific
absorption rate (SAR) value was calculated (8.0 x 10_4W/kg). The intensity of the 50 GHz
field was measured at the plane of cage placement using a similar antenna as at the
transmitting end. Since the animals were free to move in the exposure cage, it is suggested
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Fig. 1 Schematic diagram of 50 GHz radiation source
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that both the animals received the same amount of dose during the period of investigation.
The power received at the animal exposure cage was converted into SAR value by
assuming a free field scenario, where the E field is parallel to orientation of the animal
placement. Since the free space wavelength at this frequency is 0.6 cm, it is assumed that
the exposure is limited to the subcutaneous surface. Every day, the cage was placed in the
same position facing the horn antenna and the same number of rat positions was filled.

Specific Absorption Rate (SAR) Calculation

SAR was calculated by extrapolating the model values for small rats, following Durney et
al. [21]. For a plane wave exposure having random polarization and power density of 0.86
puW/em?, the SAR value turns out to be 8.0x 10 *W/kg.

Sample Preparation

In the present investigations, enzyme assay was used to determine the antioxidant enzyme
activity (SOD, GPx, and catalase) in exposed as well as sham-exposed group of Wistar rats.
Immediately after exposure period, rats were anesthetized by placing them in a glass jar
containing cotton dipped in anesthetized ether. Animals were sacrificed and sperm was
collected from epididymal region (caput and caudal). Caput and caudal were minced
thoroughly with the help of scissors in cold buffer and pipette. The assay was performed
with positive control for enzyme estimation.

Sperm Sample Preparation

Sperm cells were added to 5—10 ml of cold buffer (50 mM Tris HCI, pH7.5, 5 mM EDTA,
and 1 mM DTT) for GPx, 20 mM HEPES buffer (1 mM EGTA, 210 mM mannitol, and
70 mM sucrose) for SOD, and 5-10 ml of cold buffer (50 mM potassium phosphate, pH
7.0, containing 1 mM EDTA) for catalase. All the samples were centrifuged at 10,000xg for
15 min at 4°C; supernatant was collected and enzyme assay was performed.

Estimation of Glutathione Peroxidase Activity

One hundred twenty microliters of assay buffer and 50 ul co-substrate mixture were added
in non-enzymatic wells. One hundred microliters of assay buffer, S0ul of co-substrate
mixture, and 20 pl of diluted GPx were added in other wells as control sample whereas the
same amount of assay buffer and co-substrate including 20 ul of sperm sample in place of
GPx were added in all the wells. Immediately, reaction was initiated by adding 20ul of
cumene hydroperoxide to all the wells being used. Finally, well plate was placed in a micro-
plate reader spectrophotometer and absorbance of the samples was taken at 340 nm.

Estimation of Superoxide Dismutase Activity

Twenty microliters of SOD standard was diluted with 1.98 ml of sample buffer. SOD
standard wells were prepared by using 200ul of the diluted radical detector and 10ul of
diluted standard. Sample wells were also prepared by adding 200ul of the diluted radical
detector and 10ul of sample to the wells. The reaction was initiated by adding 20ul of
diluted xanthine oxidase to all the wells. The sample plate was kept in a micro-plate reader
and absorbance was taken at 450 nm.
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Estimation of Catalase Activity

One hundred microliters of assay buffer, 30ul of methanol, and 20pul of standard were
added to wells, which contained 10pl of formaldehyde and 9.99 ml of sample buffer, and
formaldehyde wells were prepared. Control wells were prepared by adding 100l of diluted
assay buffer, 30 ul of methanol, and 20 pl of diluted CAT. The sample wells were prepared
by adding 100l of diluted assay buffer, 30 ul of methanol, and 20l of tissue samples. The
reaction was initiated by adding 20 ul of diluted hydrogen peroxide to all the wells. Thirty
microliters of potassium hydroxide was added to terminate the reaction. Thirty microliters
of purpald (chromogen) was added to each well and thereafter incubated for 10 min at room
temperature on a shaker. Ten microliters of potassium periodate was added to each well,
incubated for 5 min at room temperature on shaker, and the absorbance of samples was
taken at 540 nm.

All data are expressed as mean=standard deviation (SD) and were analyzed by one-way
analysis of variance. Probability value p<0.05 was considered significant. The calculation/
formulation was followed as per Cayman Chemical (catalog number mentioned in Material
section), USA.

Preparation of Spermatozoa

Immediately after exposure period, rats were anesthetized by placing it in a glass jar
containing cotton dipped in anesthetized ether, and epididymes were excised from testis.
Seminiferous tubules were pulled out from testis and diced in phosphate-buffered saline
(PBS) and kept at 37°C in a water bath for 7 to 10 min. The spermatozoa released in PBS
were collected carefully by pipetting and centrifuged at 500xg for 5 min to obtain the
sperm. After this, histone kinase and cell cycle analysis were performed.

Histone Kinase (H1) Assay

Sperm was homogenized in 40 vol of ice-cold medium containing 10 mM Tris HCI, pH7.4,
2 mM EDTA, 1 mM DTT, and protease inhibitors like aprotinin, leupeptin, pepstatin A
(each 10pul/ml), and 0.1 mM (PMSF). The homogenates were centrifuged at 1,000xg for
5 min at 4°C. Thereafter, the supernatant was centrifuged at 12,000xg for 10 min at 4°C.
The pellet was taken and homogenized with ice-cold 20 mM HEPES, pH7.4, 10 mM
MgCl,, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, and stored on ice at 4°C. Protein
concentration was measured by Lowry’s method [22]. An assay mixture was prepared by
mixing 3l of y[**P] ATP (spec. activity 3,000 Ci/mmol), 45ul of 4 mM ATP, 222l of
extraction buffer (80 mM b-glycerophosphate (pH7.3), 20 mM EGTA, 15 mM MgCl,) and
the aliquots stored at —20°C. DTT (1 mM), protease inhibitors (1 mM PMSF, 10 ug/ml each
of aprotinin, pepstatin, and leupeptin), and 30ul of 20 mg/ml histone H1 were added to
aliquots just prior to use. Twenty milligrams of each sample protein to be assayed was
pipetted into labeled micro-well plates at 4°C and mixed well by pipetting up and down
several times. Each reaction was continued for 15 min by warming the micro-well plate to
37°C in water bath. Reaction was stopped by transferring 10pl of the reaction mixture to
phosphocellulose P81 paper pre-cut into 1.5-cm squares. Paper filters were marked by
carbon pencil (no ink) so they can be washed in the same beaker. The mixture was allowed
to adsorb for a few seconds to slightly dry then dipped into a beaker containing 150 mM
H3PO, overnight. Filter papers were washed in 150 mM H3PO, for 3x 15 min at 20°C. At
final stage, filter papers were rinsed briefly in ethanol and air dried on paper towels. Strips
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were transferred into scintillation vials. Five milliliters of scintillation fluid was taken in
vials and (c.p.m.) counted in Hewlett Packard Scintillation Counter.

Cell Cycle Estimation

Sperm cells (100pul) of 1x10°cells/ml concentration were taken in falcon 12x75-mm
polypropylene tube with snap cap and 1 ml ice-cold 70% ethanol was added per tube. The
sample was incubated overnight at 4°C. After the completion of incubation period, the
sample was centrifuged at 1,000xg for 10 min at 4°C and finally the supernatant was
decanted. One hundred microliters of RNAase (100 U) was added to the pellet and pipetted
well thereafter. Samples were incubated at room temperature for 20 min. Finally, samples
were stained with 50pl (25 ng/ml) propidium iodide (PI) in dark. Each sample was analyzed
within half an hour after staining with PL

Results
Antioxidant Enzyme Activity

Compared with the control group (5.03+0.29), those exposed to the microwave showed a
significant decrease (4.48+0.10 nmol/min/ml; p<0.003) in GPx activity (Fig. 2). A
significant decrease in SOD activity (132.37+5.7 U/ml; p<0.006) as compared to control
group (230.98+25.67) was also observed (Fig. 3). However, the exposed group of animals
showed significant increase in CAT activity (7.56+0.71 nmol/min/ml; p<0.02) as compared
to the control group (6.74+0.74 nmol/min/ml) (Fig. 4).

Histone Kinase Activity

The activity of histone kinase in sperm shows significant decline in microwave field
exposed group (4,438.0+111.21) as compared to sham exposed (4,605.05+89.87) (Fig. 5).
In the exposed groups, we found a statistically significant decrease in mean activity of
histone kinase as compared to the control (p<0.016). The decline in the level of histone
kinase may also indicate that the level of G,/M phase has decreased.
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Cell Cycle Analysis

Samples were analyzed with a FACS Calibur (Becton & Dickinson) FC with an argon-ion
laser that produced 15 mW at 488 nm. The percentages of cells in each cell division phase
(Go—G1, S, and G,—M) were estimated from data obtained from the FL2-A channel. In
exposed group (32.27+1.54), a significant increase (p=0.004) was found in apoptosis as
compared to sham exposed (23.72+3.76). There was no significant change (p=0.28)
observed in Go/G; phase in exposed (42.09+13.35) as compared to the control ones
(48.45+3.64). S phase was significantly decreased (p=0.026) in exposed group (5.37+
0.94) as compared to the control group (8.05+2.33). However, in exposed groups, a
statistically significant decrease (p=0.019) was measured in G,/M phase (14.69+1.28) as
compared to the control group (18.41+3.02). The different phases of sperm cell cycle were
labeled with M1 (G0-G1), M2 (S), M3 (G2), and M4 (G2/M) as shown in Fig. 6.

Discussion

The results of the present study demonstrate for the first time that the EMF is able to affect
activities of antioxidant enzymes, histone kinase, and cell cycle on reproductive pattern at
50 GHz exposure. Earlier, we have established the alteration of such parameters in brain
using the same protocol. Experimental data demonstrate that exposure to EMF led to
generation of ROS [23]. On the other hand, ROS are known to alter antioxidant enzyme

Fig. 4 Comparative analysis
between sham-exposed (control)
and exposed group of antioxidant
enzyme activities in rat sperm
cells. Result shows significant
increase in exposed sperm CAT
as compared to control group
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Fig. 5 Activity of histone kinase
in rat sperm exposed with
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activities. It has been proposed that moderate level of ROS can induce an increase/decrease
in antioxidant, where as very high level of these reactants was shown to attenuate
antioxidant enzyme activities [24]. ROS are able to damage many biomolecules including
DNA, enzymes, lipids, and proteins. We can hypothesize that the changes in antioxidative
enzyme activities, reduction in the level of histone kinase, and enhancement of apoptotic
cells in cell cycle which have been observed in our study can be related to overproduction
of ROS under EMF. In the case of antioxidant activity, we found a decrease in activity of
SOD and GPx and increased activity of CAT after 2 h/day for 45 days at 50 GHz
microwave exposure. This can be attributed to the enhancement in the generation of ROS
and induction of the activity of CAT which metabolizes H,O, to water. On the other hand,
the increased amount of ROS could also be explanatory for a reduction in GPx and SOD
activities after 45 days’ exposure. Moreover, ROS may cause a defect in sperm function
through lipid peroxidation (LPO). This is because spermatozoa, unlike other cells, are
unique in structure and function, and are susceptible to damage by LPO. ROS are produced
by a variety of semen components including immotile or morphologically abnormal
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Fig. 6 Flow cytometry analysis in sperm to analyze spermatogenesis cycle. (a) and (b) show the histogram
of sham-exposed and exposed groups, respectively. M1/ indicates the apoptosis phase, M2 indicates the Go—
G phase, M3 indicates the S phase, and M4 indicates the G,—M phase
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spermatozoa, leukocytes, and morphologically normal but functionally abnormal sperma-
tozoa [25]. The SOD level in spermatozoa is positively correlated with sperm motility [26].
Also, catalase, which prevents ROS damage, has been found in both human spermatozoa
and seminal plasma. Unfortunately, the precise mechanism involved in this effect is not
clear, but the present paper could be useful in an establishment of EMF interaction
mechanism with reproductive system.

In an addition to above, [18] hypothesized that the rat hepatocytes metabolized MW-
induced ROS by two distinct pathways. One pathway involves the cytochrome P-450,
which plays an important role in enzymatic activities, and leads to the formation of toxic
peroxyl and alkoxy (reactive oxygen) radical. The second is a detoxification reaction that
involves GPx producing oxidative glutathione [15]. These metabolic pathways could
increase cellular free radicals, which may attack phospholipids, proteins, and nucleic acid.
Thus, antioxidant activity and the inhibition of ROS generation are important in protecting
the biological system from MW-induced damage [17, 27].

Free radicals induced cell damage may also be quantitatively determined by some
measurement of histone kinase and cell cycle, which is an indicator of tumor promotion. In
the present study, we have observed a large reduction in histone kinase activity in sperm
during exposure. Such kinases, encoded by approximately 2% of eukaryotic genes,
represent one of the major classes of cell-regulatory molecules [28]. Manning et al. [29]
reported that the human genome carries 518 protein kinase genes (approximately 1.7% of
all genes). It defines a large majority (approximately 90%) of these kinases belonging to the

EMF 50GHz
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Fig. 7 Summarizing the possible sequence of events at microwave frequencies (50 GHz) interaction in
reproductive pattern
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eukaryotic protein kinase (EPK) superfamily defined on the basis of a homologous kinase
catalytic domain [30, 31]. The EPK domain interacts with both ATP and protein (peptide)
substrates and functions to transfer the c-phosphate of ATP onto the hydroxyl group of a
serine, threonine, or tyrosine amino acid residue within the peptide substrate. However, the
maturation promoting factor (MPF) is a biologically recognized factor responsible for
driving the cell cycle from the G to M phase as measured by cytoplasmic injection or cell
fusion [32-36]. In general, initiation of mitosis (M phase) requires a histone kinase
complex (MPF) consisting of a catalytic subunit (Cdc2 protein kinase) [37, 38] and a
regulatory subunit (cyclin B) [39]. Assessment of the catalytic activity of a specific histone
kinase plays an important role in elucidating signal transduction pathways that affect cell
behavior. Hence, these results are in agreement with the findings that the activity of histone
H1 kinase is closely related to the G,/M transition during the cell cycle [40]. Decrease of
histone H1 kinase activity was realized just before the entry of differentiating cells into the
M phase, thus suggesting a universal role of Cdc2/Cdk2 kinase to make the G,/M transition
[41]. The study indicates the microwave effects on cAMP-independent protein kinases.
The decrease in histone kinase activity may serve as a measure of the ability of an
electromagnetic field to affect spermatogenesis, a cell cycle in sperm. Above results
indicate that electromagnetic field induces apoptosis and may be a major cause of
infertility. Recently, Kesari and Behari [42] reported that microwave (2.45GHz) exposure
cause infertility by decreasing sperm count and an increase in apoptosis. Traditionally,
exposure to electromagnetic field of the testis has been monitored by changes in the
sperm count and spermatogenesis. In human, the molecular basis of male infertility
is poorly understood. The recent evidence on the role of apoptosis during human
spermatogenesis provides clues to the mechanisms at work.

Conclusion

The present study shows prolonged exposure to 50 GHz field radiation may decrease the
level of histone kinase, GPx, and SOD. On the other hand, the level of CAT and apoptosis
(cell cycle) were increased in the exposed group. Moreover, it was confirmed that a
decrease in G,-M phase is directly related to histone kinase. We suggest that a reduction or
an increase in antioxidant enzyme, histone kinase, and cell cycle observed in our study may
be related to overproduction of ROS under microwave field exposure. Our findings
conclude that these radiations may have significant effect on reproductive system of male
rats. This is an indication of male infertility. The results of present study has been
summarized in Fig. 7.
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