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Abstract 

The progress of science will provide the world with new electromagnetic fields (EMFs) emitting technologies and 

subsequently with new problems. Cell phones have become a vital part of everyday life. It creates an EMF around them when 

in use, thus increasing the electromagnetic contamination. Male individuals generally carry their cell phones in their pockets 

close to their testes in standby mode increases the importance of study the effects of EMF on the male reproductive system. 

This review aimed to highlight the effects of exposure to EMFs on the male reproductive system in humans and experimental 

animals. Telecommunications technology has advanced rapidly and explosively in recent years. Exposure to EMFs has shown 

that serious patho-physiological changes on the male reproductive system. It induced decreases in serum levels of testosterone, 

sperm count, motility, morphometric abnormalities, and significant increases in serum luteinizing hormone level, lipid 

peroxidation, and DNA damage in sperm cells. Histologically, EMFs caused degeneration in the seminiferous tubules, 

spermatogonia apoptosis, decreases in the height of the germinal epithelium, and the number of Leydig cells. Also, exposure to 

EMFs induced a significant increase in catalase, and a significant decreases in glutathione peroxidase, histone kinase, and 

superoxide dismutase. It can be concluded that exposure of human and experimental animals to EMFs have been a negative 

effect on the male reproductive system by causing histopathological changes and disturbances in the functions of the male 

reproductive system. The main cause of infertility in man is oxidative stress. The potential male reproductive health effects of 

EMF should be continually reassessed as new research results become available. Additional studies might increase our 

understanding of the sensitivity of male reproductive to EMF. 
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1. Introduction 

The progress of science will provide the world with new 

EMF emitting technologies and subsequently with new 

problems [1]. Today, cell phones have become a vital part of 

everyday life [2]. Cell phone technology is an integral part of 

everyday life and its use is not only restricted to voice 

conversations but also conveying news, high- resolution 

pictures, and internet. However, these advances in 

technology are accompanied by a progressive boost in the 

intensity and frequency of the emitted electromagnetic waves 

without consideration of their health consequences [3]. 

Environmental exposure to electromagnetic radiation has 
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been increasing with the increasing demand for 

communication devices [4]. 

Exposure to intermediate frequency (IF) fields is increasing 

due to new applications such as induction heating cookers, 

wireless power transfer, and electronic article surveillance 

systems [5]. Wireless local area networks (WLANs) are an 

increasing alternative to wired data networks in workplaces, 

homes and public places. Nevertheless, as previously 

reported for other electromagnetic radiation sources, the 

rapid increase in WLANs in our daily environment, 

especially in private, academic and clinical surroundings, has 

caused great public concern about the possible effects on 

human health. This concerning situation requires further 

investigation of the possible biological effects of exposure to 

WLAN signals, requiring new experiments both in vivo and 

in vitro [4, 6]. The artificial sources of electromagnetic 

radiation have risen tremendously because of the ongoing 

needs of electricity, telecommunications, and electronic 

devices. New technologies which use the spectrum of high- 

frequency emissions are incorporated in many aspects of 

telecommunications. As a consequence, there is a lot of 

interest about the possible effects of the radiation emitted 

from the machines which are engaged in the telephony such 

as hand phones, base stations and transmitters [1]. The 

mobile phone technology is based on radiofrequency 

radiation with a transmission of microwaves carrying 

frequencies between 880 and 1800MHz [1, 7]. Mobile 

phones create an EMF around them when in use, thus 

increasing the electromagnetic contamination, also known as 

“electrosmog”, in the vicinity [8]. 

Electromagnetic radiation (EMR) emitting from the natural 

environment, the use of industrial appliances, constantly 

influences the human body. It may be expected that the 

interactions between electromagnetic radiation and the 

living organism would depend on the amount of the 

transmitted energy and type of tissue exposed. 

Electromagnetic waves exert an influence on human 

reproduction by affecting the male and female reproductive 

systems [9]. The biological effects of EMFs generally can 

be divided into thermal effects by the electromagnetic field 

energy absorption, stimulation function by the induced 

electric current, and athermic action by the long-term 

exposure [10-12]. Thermal effects are defined as the heat 

generated by EMFs in a specific area. The non-thermal 

effects depend on the absorption of energy and changes in 

the behavior of tissues without producing heat. EMFs have 

high penetration power, and they are capable of moving 

charged particles, such as the electrons and ions of large 

macromolecules and polymers [10, 11]. 

Increasing use of cell-phone is one of the most important risk 

factors for population health [13]. The fact that male 

individuals generally carry their cell phones in their pockets 

close to their testes in standby mode increases the importance 

of study the effects of EMF on the male reproductive system 

[12]. The animal studies could provide useful information on 

the comprehension of the interaction of EMF with the living 

organism and on the possible commonality with the humans 

[1]. The duration of cell phone use was negatively correlated 

with the proportion of rapid progressive motile spermatozoa 

and motility [14]. Recently, evidence from several studies 

supports a growing claim that cell phone usage may have a 

detrimental effect on sperm parameters leading to decreased 

male fertility. Nonetheless, other studies showed no 

conclusive link between male infertility and cell phone usage 

[2]. 

Our bodies act as parasitic antennas that receive EMW and 

convert them into electric and magnetic fields. The male 

reproductive system is highly compartmentalized and 

sensitive biological system that requires the integration of 

intrinsic and extrinsic factors to properly function. The 

generated electrical currents may alter the testicular 

microenvironment, and hormonal milieu necessary for sperm 

production. Additionally, sperms are electrically active cells 

and their exposure to cell phone electromagnetic waves and 

currents may affect their motility, morphology and even their 

count [3]. 

The reproductive system is controlled by the nervous and 

endocrine systems, EMFs can affect the two systems 

mentioned above, so the genital system also is involved [11, 

15]. EMF exposure can weaken reproduction ability [16]. 

The cell phone uses negatively affects sperm quality in men 

[17]. It might adversely affect the quality of semen by 

decreasing mostly motility but also the sperm counts, 

viability, and morphology [18]. Exposure to a low-level of 

electromagnetic radiation from cell phones induced 8% 

reduction in sperm motility, and 9% reduction in sperm 

viability [19, 20]. Exposure to Wi-Fi-equipped laptop 

computers for four hours cause a significant decreased in 

sperm motility and an increase in sperm DNA 

fragmentation [21]. EMF exposure can weaken 

reproduction ability [16]. 

Testes are very important organs situated externally to the 

body and enclosed by the scrotum. The testicular 

parenchyma is the site of an intense proliferation and 

differentiation of the germinal cells that will become the 

sperm cells. Testes are very sensitive to temperature 

variations and for this reason, the scrotum, which contains 

the testicular parenchyma, has a specialized contractile 

structure [1]. Electromagnetic fields can have destructive 

effects on sex hormones, and gonadal function. So people 

must be aware of the negative effects of EMFs. Although the 

impact of the waves varied at different frequencies, it is 
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better to stay as far away as possible from their origin 

because of the risks associated with exposures to these waves 

[11]. 

2. Types of Electromagnetic 
Fields 

EMFs can be considered to consist of four different types. 

The first type of EMFs refers to extremely low frequency 

(ELF) EMFs, which are EMFs that are below 300 HZ, and 

they are produced by military equipment and railroads. The 

second type, known as the intermediate frequency (IF) 

EMFs, have frequencies in the range of 300 Hz to 10 MHZ, 

and they are produced by industrial cables and electrical 

equipment in homes, such as televisions and computer 

monitors. The third type is hyper frequency (HF) EMFs that 

have frequencies in the range of 10 MHz to 3000 GHz and 

are produced by mobile phones and radio broadcasting. 

Radio frequencies (RFs) also are a part of this category, 

which has frequencies up to 100 MHz [11, 15]. There are 

also static EMFs that are produced by MRI and 

geomagnetism and have specified with zero frequency [11, 

22]. 

3. Generation of Cellular 
Phones 

Telecommunications technology has advanced rapidly and 

explosively in recent years. The first-generation of cellular 

phones was the Nordic mobile telephone. The second-

generation of cell phones that replaced the older analog type 

is the digital models have increased voice capacity, provided 

faster data transfer speeds, longer battery life, less power use 

and better signal quality than the first generation cell phones. 

The cell phone technologies that are commonly used 

nowadays are the global system for mobile communication 

(GSM) and code division multiple access (CDMA). Both of 

these technologies are used by cell phone companies in the 

USA. The GSM technology uses narrow-band time division 

multiple access (TDMA), whereas CDMA incorporates the 

wider band that allows more users without interference and 

better security by providing every user with a unique code. 

The third-generation cell phones, consist of universal mobile 

telecommunications system (UMTS)/ wideband code 

division multiple access (W-CDMA) and the high-speed 

downlink packet access (HSDPA) phones. The UMTS 

utilizes a GSM infrastructure with a W-CDMA air interface 

(the specification of the radio transmission between a mobile 

phone and the base station), which adds advantages to UMTS 

over GSM technology. The HSDPA is based on the W-

CDMA technology with improved downlink speed that 

allows even higher data transfer speeds and capacity. In most 

other parts of the world, the frequency bands used are 900 

MHz and 1800 MHz. The newer phones offer a quad-band 

feature, which means that they can operate on the four 

common frequencies (850/900/1800 and 1900 MHz), and 

they have the capacity to switch automatically among these 

four frequencies [23]. 

Specific absorption rate (SAR) is the energy flow per unit 

of mass (watts/kg; W/kg). It is a measurement of the power 

or heat absorbed by the tissue either in a local area of a 

human tissue or averaged over the whole body. The Federal 

Communications Commission has set a SAR safety limit of 

1.6 W/kg, averaged over a volume of 1 g of tissue, for most 

parts of the body. Exposure guidelines for RF protection 

had adopted the value of 4 W/kg averaged over the whole 

body (SAR WB) as the threshold for the induction of 

adverse thermal effects associated with an increase of the 

body core temperature of about 1°C in animal experiments 

[23, 24]. 

4. Effects of EMF on Serum 
Testosterone Level 

Testes perform two important functions: spermatogenesis and 

steroidogenesis. Leydig cells secrete testosterone, which has 

the regulatory role in stimulating and maintaining sperm 

production [2]. Leydig cells are among the most susceptible 

cells to EMW and that injury to these cells may affect 

spermatogenesis [2, 25]. Many researchers have reported that 

exposure to EMFs induced changes in serum levels of 

testosterone [11, 26-29]. Qi et al., [16], and Al-Akhras et al., 

[30] reported that serum testosterone level of exposed rats to 

50 Hz, 25 lT ELF-EMF for 18 weeks was associated with a 

significant decrease after 6 and 12 weeks of exposure. Adult 

rats that were exposed to 900-MHz EMFs for 30 min five 

days a week had decreased serum levels of testosterone [26]. 

At high frequencies, especially 2.45 GHz, EMFs reduced the 

number of Leydig cells and increased apoptosis at 

seminiferous tubule in rats [31]. Also, exposure of male rats 

to EMF induced a reduction in the number of Leydig cells 

and testosterone production as well as increases in luteinizing 

hormone levels and apoptotic cells [4]. Oxidative stress and 

EMW induced alteration in PKC enzyme complex which is 

present in seminiferous tubules and Leydig cells can explain 

the deranged function of Leydig cells in response to cell 

phone [2, 32]. EMW not only alters serum testosterone but 

also affects the expression of mRNA for P450 cholesterol 

side chain lyase (the first enzyme in steroidogenesis) in 

Leydig cells [2, 33]. 
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5. Effect of EMF on Semen 
Quality 

Exposure to EMF caused a decrease in sperm motility In vivo 

and in vitro [18, 34-37]. Agarwal et al., [38] reported that use 

of cell phones for longer durations caused a decreasing in the 

sperm counts, motility, and viability. Wdowiak et al., [39] 

reported that males who had used GSM equipment for more 

than 2 years showed an increase in the percentage of sperm 

cells of abnormal morphology with the duration of exposure 

to GSM phone. Leaky plasma membranes, calcium depletion, 

and oxidative stress are the postulated cellular mechanisms 

mediating the harmful effects of cell phones radiation on 

sperm and male fertility potentials [3]. 

La Vignera et al., [40] reported that the results of studies 

conducted in rats, mice, and rabbits using a similar design 

based upon mobile phone RF exposure for variable lengths of 

time have shown that RF-EMR decreases sperm count and 

motility and increases oxidative stress. In humans, 2 different 

experimental approaches have been followed: one has 

explored the effects of RF-EMR directly on spermatozoa and 

the other has evaluated the sperm parameters in men using or 

not using mobile phones. The results showed that human 

spermatozoa exposed to RF-EMR have decreased motility, 

morphometric abnormalities, and increased oxidative stress, 

whereas men using mobile phones have decreased sperm 

concentration, decreased particularly rapid progressive 

motility, normal morphology, and decreased viability. These 

abnormalities seem to be directly related to the duration of 

mobile phone use. 

6. EMFs and Fertility 

Fertility is the ability to have a child and success in 

reproduction. On the other hand, infertility is the malfunction 

in reproduction and the problems relating this matter is 

known as one of the most important issues in couples’ life 

[13, 41]. Infertility represents one of the most common 

diseases and affects between 17 and 25% of couples [2]. Of 

these, male factor infertility is responsible for approximately 

50% of the infertility cases [2, 42]. The prevalence of male 

infertility at the reproductive age has been estimated to be up 

to 7-8%, and there has been a tendency to increase in recent 

decades. With the exception of obstructive causes, idiopathic 

male infertility originates from decreased sperm quality with 

no organic, genetic, or endocrine alterations in the genital 

tract [12, 14]. The most common cause of males’ infertility is 

their inability to produce enough healthy and active sperm 

[13, 43, 44]. In the last few decades, the quality of sperm and 

its fertility power has had a significant decrease throughout 

human society [13, 41, 43]. 

Fatehi et al., [13] found a reduction in the number of sperms 

and two-cell embryos in the exposed mice to cell-phone RF 

waves. The RF waves probably impair the acrosome, resulted 

in DNA damage; consequently, induce death of the sperm. 

Furthermore, cell-phone waves affect the structure and 

morphology of the mice sperm resulted in a reduction of the 

capacity of the sperm in the fertilization process. These 

induced the reduction in the number of fertilized oocyte and 

two-cell embryos. When the RF waves are absorbed by the 

body, they contain energy that can produce free radicals. Free 

radicals can break a chemical bond and become a chain of 

biological events including damage in the cell membrane of 

sexual cells [13, 45]. Electromagnetic waves increase the 

amount of oxygen free radicals in the body of animals. These 

free radicals disturb the spermatogenesis process and changes 

in the cell membrane of the sperm, which causes changes in 

the capacity and acrosome response of the sperm cell. This 

process causes disorder in the process of binding the sperm to 

the oocyte. An incomplete finding leads to failure of normal 

fertility or laboratory one [13]. 

Bernabo et al., [46] reported that the irradiation of wild pigs 

with 50 Hz electromagnetic fields 12 h daily for 6 days 

caused acrosome degradation, decreased acrosome reaction 

capacity and fertilization process, as well as a reduction in 

sperm fertility. SLF-EMFs had reduced intracellular calcium 

levels as compared to the control group, and there were 

reduced motility and fertilization [11, 15, 47]. This process 

takes place by interfering with the intracellular calcium 

homeostasis, resulting in disability in sperm function [11]. 

Kumar et al., [48] found that a significant reduction in 

testicular weight, sperm count, and seminiferous tubules in 

male albino rats exposed to EMF when compared with sham-

exposed control group. Authors concluded that exposure to 

mobile phone radiation can affect sperm functions via 

mechanisms that involve oxidative stress. The main cause of 

infertility in man is oxidative stress. 

7. Testicular Histopathological 
Change Induced by 
Exposure to EMF 

Dasdag et al., [49] investigated whether there are adverse 

effects due to microwave exposure emitted by cellular 

phones in male Wistar albino rats. The animals (n = 18) were 

divided into three groups (control, standby exposed group, 

speech exposed group). Specific energy absorption rate 

(SAR) was 0.141 W/kg. Rats in the experimental groups 

were exposed for 2 h/day for 1 1 month in the standby 

position; whereas phones were turned to the speech position 

three times for 1 min. Histological changes were especially 

observed in the testes of rats in the speech group. The 
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seminiferous tubular diameter of rat testes in the standby and 

speech groups was found to be lower than the sham group. 

Rectal temperatures of rats in the speech group were found to 

be higher than the sham and standby groups. The rectal 

temperatures of rats before and after exposure were also 

found to be significantly higher in the speech group. A study 

of male rats indicated that a 50-Hz frequency for 8 h/day for 

eight months caused histological variations of the testis that 

included weight loss and a reduction in the average diameter 

of the seminiferous tubule [15]. Rajaei et al., [50] reported 

that exposure to EMF for long periods could decrease the 

diameter of reproductive ducts and the length of the epithelial 

cells. Khaki et al. [27] reported that exposure to EMF caused 

profound changes in the shape of seminiferous tubules and 

their boundary tissue. EMFs induced cell death in testicular 

germ cell in mice [51], and a decrease in germ cell 

population in the testis of rats [52]. Also, Lee et al., [53] 

recorded that exposure of BALB/c mice to electromagnetic 

field 60 Hz, 0.5 mT 24 h/day for 8 weeks showed a decrease 

in normal seminiferous tubules, increased in the germ cell 

death, spermatogonia apoptosis and DNA damage in the 

testis compared to controls. Ozguner et al. [54] reported that 

during the experiment, 20 male Sprague–Dawley rats (5 

months of age) were either exposed to 900MHz CW (average 

power density 1±0.4 mW/cm
2
) or not (control group). Rats 

exposed 30 min/day, for 5 days/week for 4 weeks. The 

authors were observed the mean height of the germinal 

epithelium was found decreased in the group of rats that had 

been irradiated. 

Qi et al., [16] investigate that the effects of the extremely 

low-frequency electromagnetic field on the fertility. Ten 

pregnant C57BL/6NCrj mice were exposed to 50 Hz field 

500 mG for 1 week (12 h per day), and 24 male and 42 

female B6C3F1 mice born of them were further exposed up 

to 15.5 months. Control group, 10 pregnant mice were bred 

without exposure, and produced mice were observed without 

exposure for the same period. The testicular weights of the 

EMF exposed group mice (0.11 ± 0.021 g) were significantly 

decreased than the control group mice (0.12 ± 0.030 g), 

(P<0.01). The sizes of seminiferous tubules were 

significantly smaller than the control groups (197.4 ± 18.8 

µm vs. 205.7 ± 23.9 µm) (P<0.01) (Figure 1). 

 

Figure 1. Seminiferous tubules of the controls groups and the EMF exposed groups B6C3F1 male mice. The diameters (double-headed arrow) of the 

seminiferous tubules were measured using light microscopy [16]. 

Oh et al., [12] investigate the effect of long duration 

exposure to the electromagnetic field from mobile phones on 

spermatogenesis in rats using 4G-LTE. Twenty Sprague-

Dawley male rats were placed into 4 groups according to the 

intensity and exposure duration: Group 1 (sham procedure), 

Group 2 (3 cm distance + 6 h exposure daily), Group 3 (10 

cm distance + 18 h exposure daily), and Group 4 (3 cm 

distance + 18 h exposure daily). After 1 month, the degree of 

interstitial edema was variable area by area; however, no 

significant difference was noted among the groups. No 

histologic abnormality was noted in the epididymis of each 

group. Semi quantitative histopathologic analysis revealed 

decreased elongated spermatids in Group 4 (Figure 2 (d)) 

compared with the other groups, whereas no morphologic 

abnormality was noted in germ cells (Figure 2). Authors 

concluded that a long duration of 4G-LTE based EMF had a 

harmful effect on spermatogenesis. In particular, the sperm 

and Leydig cell count significantly decreased in the long 

duration exposure group, showing that continuous cell phone 

use could be hazardous for fertile men, especially adolescent 

men. 
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Figure 2. Photomicrographs of testes in each group. Note the decreased elongated spermatids (late spermatids) in Group 4 (d) compared with other groups [(a) 

Group 1, (b) Group 2, (c) Group 3]. (a–d) H&E, ×400 [12]. 

Khayyat, [55] investigated that the possible histopathological 

effects of isothermal non-ionizing EMFs on the testis of 

mice. Forty five adult male BALB/c mice were divided into 

two experimental groups and a control group. One group was 

exposed to frequency electromagnetic radiation between 3.9 

x 10/4 Hz and 7.5 x 1014 Hz for 8 h per day for 3 days and 

the other group was exposed to frequency electromagnetic 

radiation between 3.9 x 1014 Hz and 7.5 x 1014 Hz for 8 h 

per day for 12 days. At the end of the exposed period, light 

microscopical studies. The testis showed atrophied 

seminiferous tubules and interstitial tissue expended the 

space between the seminiferous tubules, necrosis in the 

germinal epithelial cells of the seminiferous tubules, a 

decrease in Sertoli cells, deceleration of spermatogenesis, 

and degeneration of germ cells (Figure 3). In the testis of 

animals exposed for 12 days to EMF, marked and severe 

alterations were noticed. The Leydig cells and intertubular 

connective tissue showed signs of hypoplasia and the 

intertubular space became wider. Most of the seminiferous 

tubules had an irregular shape and the boundary tissue was 

thinner and breaks in its continuity were seen at multiple 

locations. Damage in the epithelium germinal layer, 

maturation arrest in the spermatogenesis, and disorder in the 

germinal cell distribution were recorded. Moreover, 

atrophied seminiferous tubules decrease in the germ cell 

population, and fusion between some seminiferous tubules 

were observed (Figure 4). 

Aydin et al. [56] found that exposure of rats to EMF caused 

deceleration of spermatogenesis and degeneration of germ 

cells. Ai and Soleymanirad [57] reported that exposure of rats 

to an electromagnetic field lead to a significant reduction in 

the number of spermatogenic cells, spermatids, and sperm, 

and to a significant increase in the number of primary 

spermatocytes. 

 

Figure 3. A section of the testis of the mouse exposed to EMF for 3 days 

showing massive intertubular tissue, the disorganized arrangement of 

spermatogenic cysts (arrows) and proliferation of the Leydig cells necrotic 

spermatogonia, low height epithelium, a lower number of spermatozoa, and 

proliferation of the Leydig cells. (X100) [55]. 
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Figure 4. A section of the testis of the mouse exposed to EMF for 12 days 

showing detachment of spermatogonia from the basal membrane (arrows) 

hypoplasia in the intertubular connective tissue, Leydig cells, and germinal 

epithelia. Notice the wide tubular lumen with no sperm (asterisk), 

detachment of the spermatogonia from the basal membrane (arrow heads), 

necrotic germ cells, and degenerated and disorganization of spermatocytes 

(X 100) [55]. 

Al-Damegh, [8] investigated that the effect of exposure of 

rats to the EMR emitted by a GSM cellular phone 

(900/1800/1900 MHz, 2-W) for 15, 30, and 60 min daily for 

two weeks. After two weeks of exposure, the sections of the 

testis showed degeneration in the seminiferous tubules with 

the complete absence of spermatozoa, and some 

spermatogenic nuclei, and showed karyomegaly and a high 

incidence of mitotic divisions (Figure 5). The seminiferous 

tubules diameters were significantly increased and the mean 

height of the germinal epithelium was significantly decreased 

in the testes of exposed rats as compared with the unexposed 

EMR rats. A reduction in the spermatid numbers within the 

lumen of the seminiferous tubules marked mitotic divisions 

and pyknosis of some spermatogenic nuclei were observed in 

the testis sections after a two-week exposure to EMR (Figure 

5). EMFs penetrate living organisms and alter the cell 

membrane potential [8, 58]. This alteration may affect free-

radical processes within the cell and alter the activities of 

antioxidant enzymes, particularly CAT and c-GPx, in 

different organs. At the level of the testes, oxidative stress is 

capable of disrupting the steroidogenic capacity of Leydig 

cells [8, 59] and the capacity of the germinal epithelium to 

differentiate normal spermatozoa [8, 60]. Wang et al., [61] 

suggested that RF-EMR may change the permeability of the 

blood-testis barrier. RF-EMR-mediated ROS formation can 

lead to heat shock protein (hsp) production and 

phosphorylation, which can alter the secretion of growth 

factors and mediate an increase in the blood-testis barrier 

permeability, as suggested by Desai et al. [62]. 

 

Figure 5. Photograph of a section of rat testis exposed to EMR for 60 minutes showing the damaged spermatocytes and spermatids, marked mitotic divisions 

and pyknotic nuclei of some spermatogonia, widening of the seminiferous tubular lumen and absence of spermatozoa within the lumen. (H&E6100) [8]. 

Radio-frequency (RF) waves of cell-phones and other 

electronic equipment, affect the biological system via thermal 

and non-thermal effects [13, 63]. Nazıroglu et al., [4] 

reported that exposure of male rats to EMF caused 

degeneration in the seminiferous tubules, and apoptotic cells. 

Gharamaleki et al., [64] reported that the testicular 

morphological structure of male pups kept until maturity of 

pregnant rats exposed to 3mT EMF, 50Hz for 21 days 

showed the seminiferous epithelium contained many small 

irregular empty spaces as the sign of cellular sloughing, 

spermatogenic cells appeared to be disrupted. The nuclei of 

spermatogonia cells were heterochromatic, also dense of 

germinal epithelium and the number of spermatozoa was 

decreased (Figure 6). 
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Figure 6. A: Light microscopic micrograph of the testis in control group. The normal seminiferous tubules, interstitium, spermatids and spermatogenic cells at 

different stages of development. H&E staining. 512 X. B: Light microscopic micrograph of seminiferous tubules from the adult rat in the treatment group 

(EMF-expose). Note spermatogenesis arrest disorders in germinal cell distribution (*) and a significant decrease in spermatid and spermatozoa (arrow). H & E 

Staining, 256X. C: Light Microscopic micrograph of seminiferous tubules from the adult rat in the treatment group. Note irregular intercellular spaces (*). 

Increasing of lumen space and a decrease of spermatozoa (arrow) Spermatogonia with a dense nucleus (Sg) and Leydig cells (L). H&E staining. 512 X. D: 

Light Microscopic micrograph of seminiferous tubules from the adult rat in the treatment group. Spermatogonia with a dense nucleus (Sg), Sertoli cells (S) and 

intercellular spaces (*) H&E staining. 1280 X [64]. 

8. Effects of EMF on the 
Ultrastructure of Testis 

Hamada et al., [3] reported that exposure to EMF caused 

pathological effects on various cellular components of testes 

(Figure 7). Celik et al., [65] investigate whether the low-

intensity electromagnetic waves transmitted by cell phones 

cause ultrastructural changes in the testes of Wistar-Kyoto 

rats. The ultrastructure of the testes of the exposed group 

showed that growth of electron-dense structures, the 

existence of large lipid droplets, and vacuolization in the 

cytoplasm of the Sertoli cells, the membrana propria 

thickness, the collagen fiber contents, and the capillary veins 

extended were increased (Figure 8). 

Hamada et al., [3] reported that at the cellular and sub-

cellular level, EMW may exert direct or indirect effects on 

cell membranes, cytoplasm, and nucleus. Exposure to RF-

EMW can induce alterations in many sub-cellular 

mechanisms. Changed plasma membrane potential and 

calcium efflux with resultant calcium depletion leads to 

decrease in the activity of protein kinase C (PKC). This 

decrease leads to the alteration in many enzymes, ion pumps, 

channels and proteins as well as inducing apoptosis. RF-

EMW also induce ROS production through disturbance of 

the mitochondrial membrane bound NADH oxidase. ROS 

has the impact on PKC, histone kinase, heat shock protein, 

DNA, and apoptosis. Heat shock protein (hsp) increases in 

response to electromagnetic radiation and ROS. Hsp slows 

the metabolism of the sperm and impairs the blood-testis 

barrier, and interferes with apoptosis of damaged and 

transformed sperm. Genotoxic effect of RF-EMW on sperm 

is either through ROS production or through direct 

clastogenic chromatin breaking effect (Figure 9). 
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Figure 7. In sperm: a) plasma membrane becomes leaky and porous due to EMW induced electroporation, b) cytoplasmic mitochondria generate excess ROS 

resulting in oxidative stress, c) nuclear DNA and chromatin undergo breaks and damage. In Sertoli cells: a) damage to plasma membrane tight junctional 

complexes compromises the integrity of BTB and increases its permeability resulting in exposure of sperm antigens to immune system and formation of ASA, 

b) damage to cytoskeleton results in cell collapse with c) production of excess ROS, and d) dislocation of nucleus to a more central position. In Leydig cells: a) 

plasma membrane sustains damage with b) excessive cytoplasmic ROS generation, and c) nuclear DNA damage resulting in apoptosis [3]. 
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Figure 8. A: Control group. Normal membrane propria (MP), Sertoli cells (S), spermatocytes (Spt), and synaptonemal complexes (white arrow) are seen in the 

thin incision of the seminiferous tubule. Nucleus (N), mitochondrion (M). Bar =0.5 µm. B: Experimental group. Electron microscopic view of the seminiferous 

tubule. The thickness of the membrana propria (MP) is observed to increase. The irregularity of the basal lamina (BL) and its protrusion towards the tubule 

(arrow) are seen. Myoid cells (MH) are seen in addition to electron dense coloring. The collagen fiber (COL) amount increases. The Sertoli cell nucleus has an 

irregular contour, with deepened invaginations (white arrow). Tight junctions (*) between Sertoli cells (S) are normally observed. mitochondrion (M); nucleus 

(N); spermatogonium (Spg). Bar = 1 µm. C: Experimental group. Electron microscopic view of the seminiferous tubule. Widespread vacuolization due to the 

widening of the SER cysterna (black arrow), an increased incidence in electron-dense structures (white arrow), and huge lipid droplets (*) and cup-shaped 

mitochondria (M) are observed in the cytoplasm of Sertoli cells (S). A spermatocyte (Spt) in lysis and a cell in a mitotic state (arrowhead) are seen. Bar = 1 

µm. D: Experimental group. Electron microscopic view of the seminiferous tubule and membrana propria (MP). The empty spaces around the cell periphery 

are observed in spermatogonia (Spg) because of contraction (black arrow). Well-developed Golgi complexes (white arrow) and grouped mitochondria (M). N 

_ nucleus. Bar = 2 µm [65]. 

 

Figure 9. Effects of RF-EMW on cellular and sub-cellular structures [3]. 
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9. Testicular Oxidative Stress 
Induced by Exposure to EMF 

The study of Nazıroglu et al., [4] indicated that oxidative 

stress from exposure to Wi-Fi and mobile phone-induced 

EMR is a significant mechanism affecting male reproductive 

systems. Although ROSs produced by radiation are toxic, 

intracellular ROS produced in physiological conditions is 

regulated as essential signal molecules that regulate multiple 

cellular processes, the ROS spectrum produced in the short 

run after radiation is similar to metabolic processes [13, 66, 

67]. 

Kesari and Behari, [68] reported that exposure of male 

Wistar rat to microwave waves at the frequency of 50 Hz (2 

h/ daily for 45 days) caused a significant decrease in the 

antioxidant enzymes of superoxide dismutase, glutathione 

peroxidase, and activity of histone kinase; while they found 

to increase in catalase, which enzymatic changes result in 

catastrophe cascade in male reproductive system as well as 

apoptosis and finally failure fertility and reproduction. They 

believed that these events are an important indicator of 

infertility in male rats. 

Nazıroglu et al., [4] reported that in some cases of male 

infertility, increased levels of oxidative stress and lipid 

peroxidation and decreased values of antioxidants such as 

melatonin, vitamin E and glutathione peroxidase were 

reported in animals exposed to EMR. Kumar et al., [48] 

reported that exposure of male albino rats to EMF caused a 

significant increase in the lipid peroxidation damage in sperm 

cells, and DNA damage when compared with sham exposed 

control. EMF inhibited MnSOD expression in the rat testis 

and induced oxidative stress on testis and testicular apoptosis 

[16, 31, 69, 70]. 

10. Conclusion 

It can be concluded that exposure of human and 

experimental animals to EMFs have been a negative effect 

on the male reproductive system by causing 

histopathological changes and disturbances in the functions 

of the male reproductive system. The potential male 

reproductive health effects of EMF should be continually 

reassessed as new research results become available. EMF 

exposure guidelines also need to be updated or reconsidered 

as new scientific information on EMF and male 

reproductive health risks are produced. However, additional 

studies might increase our understanding of the sensitivity 

of male reproductive to EMF. 
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