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ABSTRACT 
 
 Hazards of electromagnetic fields (EMFs) threaten the existence and well being of human contest. The 
worst would be its effect on gametogenesis which may affect the fertility and inheritance. The present work 
studied the effect of EMFs on testis of albino rats. Rats treated with EMFs for 30 minutes/day, 3 days/week for 
45 days. At the end of the exposure, rats were sacrificed after 15 days, 30 days and 45 days. Testes of animals 
exposed to EMFs indicated no statistically significant differences in the testicular weight as well as the mean 
thickness of germinal epithelium height after all periods of treatment but the diameters of the seminiferous 
tubules were decreased. Moreover, the result of the hormonal assay in the present work indicated higher 
statistically significant differences in serum testosterone hormone level of control animals and those of 30 days 
and 45 days postexposure. In addition, the level of serum leutinizing hormone (LH) and follicle stimulating 
hormone (FSH) did not show any significant differences between the animal groups. Testes of treated rats 
showed inhibition of speramatogenes is after 30 days postexposure others tubules showed a decrease of the 
number of different spermatogenic cells. After 45 days postexposure, the number of spermatocytes was rise. 
Histological and quantitative results indicated that EMFs hindered the progress of spermatogenesis and 
testicular function. 30 days after exposure, spermatogenesis resumes.  
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Introduction 
 
 The human population is chronically exposed to natural sources of Electromagnetic Fields (EMFs) 
represented by all appliances using electricity; microwave ovens, computer screens, cellular telephone 
antennas…etc. Hazards of EMFs threaten the existence and well being of human race. The worst would be its 
effect in the gametogenes is which may affect fertility and inheritance.  
 Reports on this subject were controversial. Blank and Goodman (1997) postulate that the mechanism of 
EMFs signal transduction in the cell membrane may be explain by direct interaction of electric and magnetic 
fields with mobile charges within enzymes. Moreover, Maes et al. (1995) reported that the whole blood exposed 
to the radiating antenna of a GSM base station showed increased chromosome aberrations when placed within a 
distance of 5 cm or less with two hour exposures. Furthermore, at the level of the molecular and cytogenetic 
researches, Lai and Singh (1995) found DNA strand breaks from microwave at low intensity levels in brain cells 
after exposure to 0.6 W/K.  
 Specific genes have been shown to be affected by the exposure to microwave signals from cellular 
telephones, where Fos mRNA expression increased when fibroblast cells exposed to cellular telephone 
frequency radiation (Goswami et al. 1999).  
 Balance of calcium ions in living tissues is exquisitely important in cell communication, cell growth and 
other fundamental cellular processes. Interestingly, interactions calcium at the cell membrane has been 
identified as the first evidence for bioeffects of microwave. Dutta et al. (1989) reported that microwave changes 
calcium ions efflux in both bird and cat brain tissues.  
 Köylü et al. (2006) demonstrated that chronic exposure to EMFs reduces the secretion of the neurohormone  
metatonin from the pineal gland.  However, research potential long- term risks from electromagnetic radiation 
exposure mostly on the brain after mobile phone usage and the cancer become evident within short periods of 
time (Krstic et al., 2013). 
 The histological features of the testicular tissue are reflections to the biological processes including cell 
signaling and communication and hormonal regulation (Yan et al., 2006; Pearl et al., 2009). Recent advances in 
biochemistry, cell biology and molecular biology have shifted attention to understanding some of the key events 
that regulate spermatogenesis, such as germ cell apoptosis, cell cycle regulation, Sertoli cell communication, 
and junction dynamics (Cheng et al., 2002). However, a few published studies have investigated the possible 
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effects of EMFs exposure on testes and their results are contradictory (Varma and Traboula, 1975; Saunders and 
Kowalczuk, 1981; Ozguner et al., 2002).  
 The aim of the present work was to study the effects of exposure to electromagnetic field on the histology 
of the testis of rat. Quantitative analyses and hormonal evaluation were performed to provide a better 
understanding to the biological consequences of the exposure to EMFs.  
 
Materials and Methods 
 
A. Experimental animals:  
 
 Forty five (45) adult male albino rats, Rattus norvegicus weighing approximately 140±15 g, were housed in 
plastic cages under laboratory conditions. The animals were fed with stander pellets and water was allowed ad 
labium.  
 
B. Exposure to EMFs:  
 
 The EMFs was generated artificially by Hilm-holtz coil. The exposure apparatus was constructed to 
irradiate the animals in equal amount and density of EMFs. The animals were kept in a perforated, well 
ventilated, glass box, placed in between 2 coils, each coil contained 348 turns connected with an alternated 
current (AC) unit.  
 
C.  Experimental setup and procedure:   
 
 The animals were divided into two groups:  
 
1 .Group A (Control group, n = 15):  
 
 Control rats were exposed to the same setting without EMFs pulse. 
 
2. Group B (exposed group):  
 
 Rats were exposed to pulsed electromagnetic fields. The exposure was applied for 30 minutes/ day, 3 days 
/a week for 45 days. The body weight was recorded every week. 
 At the end of the exposure periods, animals were sacrificed after, 15, 30 and 45 days of exposure. Each 
subgroup contained 10 rats (n = 10). At the end of the assigned period, the animals were anaesthized, and 
sacrificed between 9:00 am and 11:00 am to minimize the diurnal fluctuations of hormonal secretion. 
 Blood was immediately collected into heparinized tubes by heart puncture from all animals on decapitation. 
Serum was then separated by centrifugation at 3000 rpm and stored at -70oC until used.  
 Testes of each animal were excised, weighed and prepared for histological processing. The left caudal 
epididymis was excised from each testis, teased and the sperms were collected, counted and their morphology 
was investigated. 
 
D. Histological technique:   
 
 Testes were fixed in 10% formal saline for 24 hours. Paraffin blocks were sectioned at 5 microns thickness 
by rotary microtome. The paraffin sections were then stained by hematoxylin and eosin stains (Bancroft and 
Stevans, 1996) and examined with the light microscope.  
 
E. Morphometric examination:   
 
 Microscopic examination of stained testicular tissue sections was done for all groups. The following 
parameters were measured using a precalibrated ocular micrometer to evaluate the extent of testicular damage 
and were recorded through a list of tables and figures. The mean diameter of the round seminiferous tubules, 
randomly selected in each cross-section, was done by averaging the diameters of 40 round seminiferous tubules 
randomly selected in tissue sections.  The mean height of the germinal epithelium was measured in 30 cross-
sections per animal. The morphology and number of germ cells and Leydig cells were also evaluated.  
 
F. Sperm count and morphology:  
 
 Semen samples were collected from the left caudal epididymis and were assessed for number and gross 
morphology of sperms. The number of the sperms was counted under the light microscope using a Neubauer 
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hemocytometer (Paulmarine, Germany). Morphology of the sperms was also examined under the light 
microscope using sperm smears stained with eosin.  
 
G. Hormonal analysis:   
 
 Total testosterone level was analyzed using double-antibody radioimmunoassay method by coat-A-count. 
Total testosterone kit (Diagnostic Products Corporation), plasma luteinizing hormone (LH) and follicle 
stimulating hormone (FSH) levels were measured by Homologous specific antibody radioimmunoassay (Chiron 
diagnostics, auto chemiluminescence system, Indianapolis, USA).  
 
H. Statistical analysis:   
 
 Data was statistically described in terms of mean ± standard deviation (± SD). All statistical calculations 
were done using Microsoft Excel 2003 (Microsoft Corporation, NY, and USA) and SPSS (SPSS Inc., Chicago, 
IL, USA) version 15 for Microsoft windows computer programs. A probability value (P value) less than 0.05 
was considered statistically significant. 
 
Results: 
 
A. Histological observations: 
 
1. Control group:  
 
 Histological examination of sections in the testes of control group (Fig.1) represents different phases of the 
seminiferous tubules. Full spermatogenic activity of the seminiferous epithelium cycle represented by 
spermatogonia, primary spermatocytes, secondary spermatocytes and spermatids as well as nutritive Sertoli cells 
was observed. Seminiferous tubules separated by intertubular connective tissues with Leydig cells. The lumen 
was filled with spermatozoa.  
 

 
 
Fig. 1: T.S. of rat testis of a  control rat showing different phases of spermatogenesis. An enlargement of the 

area in the black square illustrating normal different spermatogenic cells; AD: adluminal compartment 
containing different spermatogenic cells; L: leptotene primary spermatocytes, P: pachytene 
spermatocytes, R: round spermatids, E: elongated spermatiad, SP: spermatozoa, IS: interstitial area, 
LY: Leydig cells. (H& E, Bar = 50µ)). 
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2. Fifteen days post-exposure:  
 
 Examination of the testes of rats after 15 days of the end of EMFs exposure revealed that seminiferous 
tubules contain different phases of the cycle. Massive invasion of the tubules with leptotene spermatocytes is 
noticed. Signs of activity in both cytospermatogenesis and formation of round spermatids and spermatogenesis 
by formation of elongated spermatids were evident (Fig. 2).  
 

 
   
Fig. 2: T.S. testis of 15 day post-irradiation. (a) Notice that different phases are represented. (b) An enlarged 

portion showing; A: type A spermatogonia, Sc: sertoli cells, Rb: residual bodies. (H& E, Bar = 50µ). 
 
3. Thirty days post- exposure:  
 
 In figure (3, a and b), histological alterations were more evident in the seminiferous tubules of testis in 
animals of 30 days of the final exposure situation to EMFs compared with the control group. Inhibition of 
spermatogenesis was observed. The number of the sperms was reduced; some tubules showed spermatocytes. 
The Leydig cells were degenerated and the intertubular blood vessels were dilated and congested. Most of the 
tubules were devoid of sperms and in others the sperms were scattered randomly in the tubules. Although other 
phases of the cycle could be observed, some tubules present signs of necrosis. 
 
4.  Forty five days post- exposure:  
 
 Figure (4) showed histological features of seminiferous tubules after 45 days of the last exposure setting. 
Some of the seminiferous tubules appear with few spermatozoa formation of round spermatids.  Many of the 
tubules were loaded with spermatozoa. However, the interstitial area is dilated and has a high density of Leydig 
cells. 
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Fig. 3: T. S. testis of 30 days post-irradiation. Notice in (a) that most of the tubules showed reduction of 

spermatozoa in tubular congestion. (c) Enlarged view of the square in (b). N: necrotic areas mL: 
migrating leptotene spermatocytes, IA: interstitial area, BV: blood vessel. (H& E, Bar = 50µ). 

 

 
 
Fig. 4: T.S. testis of 45days post-irradiation. Notice that seminiferous tubules containing few sperms and others 

showed lumen filled with sperms. (H& E, Bar = 50µ). 
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B .Quantitative histology: 
 
1. Testicular weight:  
 
 Figure (5) recorded the mean testicular weight of control and experimental animals. Treating animals with 
EMFs showed no statistically significant differences between groups.  
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Fig. 5: Mean testicular weight of control and experimental animals. 
 
2. Thickness of tubular compartments:  
 
 Figure (6) recorded the mean thickness of the basal germinal epithelial height (GEH) compartment and the 
mean diameter of the round seminiferous tubules. There were no statistically significant differences between the 
mean thickness of germinal epithelium height at any of the post radiation periods and control. However, there 
was an apparent decrease in the mean diameter of the round seminiferous tubules in EMFs- groups compared 
with control.  

 
 
Fig. 6: Mean thickness of germinal epithelium height and diameter of the seminiferous tubules. 
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Fig. 7: Mean number of spermatocytes cell per seminiferous tubule in differential groups. 
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3. Number of spermatogenic cells:  
 
 Figures (7, 8 and 9) present the changes in the number of spermatogenic cells and epididymal spermatozoa. 
As shown in the results there were highly significant differences in the number of spermatocytes in 15 and 30 
days. But the number started to rise again at 45 days. The difference however in the number of spermatids was 
not clearly apparent. On the other hand, there was an insignificant decrease in the number of epididymal 
spermatozoa after 15 and 30 days but started to increase after 45 days. 
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Fig. 8: Mean number of spermatids count cell per seminiferous tubule in differential groups. 
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Fig. 9: Mean number of epidymal spermcount cell per seminiferous tubule in differential groups. 
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Fig. 9: Showing number of Leydig testosterone cells per field. 
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4. Number of interstitial Leydig cells:  
 
 Results in figure (10) present the number of interstitial Leydig cells per field. The number of the Leydig 
cells after 30 and 45 days postradiation was significantly higher (P < 0.05) in comparison with control groups.  
C. Hormonal assay:  
 
 As shown in Fig. (11, 12, and 13), there was statistically significant differences in serum testosterone 
hormone level of control animals and those 15 days postexposoure of EMFs. The values of testosterone after 30 
days and 45 days were significantly higher than control.  The level of serum leutinizing hormone (LH) and 
follicle stimulating hormone (FSH) did not show any significant differences between the rat groups. The FSH 
levels incresed significantly after 45 days postradiation. 
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Fig. 10: (a) , (b) and (c) : Changes in testosterone, FSH and LH hormones over the post irradiation period. 
 
Discussion: 
 
 Human being is exposed to natural and man-made sources of many types of radiations represented by 
electric and magnetic field radiations (EMFs). Important sources of man radiation/electromagnetic pollution are 
represented by all appliances using electricity; computer screens, means of communication television, cellular 
telephone antennas …etc. There is a growing amount of evidence about the harmful effects of EMFs on the 
human body. At this point, however, there is no scientific consensus about hazards, if any, posted by exposure to 
EMFs (WHO, 2008). 
 The effect of EMFs on gonads has been deduced from its effect on fertility (Evans et al., 1993). It was 
reported that the possible EMFs hazards are expected to be due to disturbance of cell signaling (Adey, 1997) or 
DNA fragmentation (Diem et al., 2005; Focke et al., 2009). Many studies indicated that EMFs have harmful 



5207 
J. Appl. Sci. Res., 9(8): 5199-5209, 2013 

 
 

influence in human body. Mahajan and Singh (2012) recorded the adverse or harmful effects of EMFs on human 
body as fatigue, irritability, aggregation, hyperactivity, hypersensitivity and sleeping disorder. They added that 
radio frequency energy cause the lack of blood flow to cool cornea lead to cataract, tissue damage, cancer risk 
(malignant brain tumor) was increase for those used cordless phones. Exposure to weak EMFs is associated with 
significant increase of getting cancer that caused by gene mutations resulting from DNA damage (Wilson et al., 
1990; Goldsworthy, 2007). However, research potential long- term risks from electromagnetic radiation 
exposure mostly on the brain after mobile phone usage and the cancer become evident within short periods of 
time (Krstic et al., 2013). 
 The testis represents an excellent model for studying several cellular processes that are controlled on the 
molecular level, where they followed on the microscopic level. During spermatogenesis in the mammalian 
testis, cell signaling give rise stem cells initiate to produce spermatocytes, which differentiate into primary 
spermatocytes (Kierszenbaum and Tres, 2012). Following a prolonged meiotic prophase, the spermatocytes 
undergo two consecutive meiotic divisions to generate haploid spermatids. Spermatids then undergo marked 
morphological changes from an initially round to a progressively elongated shape with condensed nuclei, 
eventually forming sperms. 
 The present results showed that mean testicular weight and thickness of germinal epithelium height was 
constant throughout the experimental period. This suggests that EMF effects are on the cellular level.  
 The present work showed changes in spermatogenic cells included highly significant decreased in number 
of spermatocytes and insignificant decrease in the number of epididymal spermatozoa after 15 and 30 days but 
started to rise again at 45 days.  
 Moreover, Testis post-irradiation to EMFs showed reduction of the round spermatids, which are the product 
of meiosis, means that this process was arrested during the irradiation period. The presence of elongated 
spermatids indicated that either the processes of spermatides elongation and spermiogenesis were preceded or 
the spermatids that were in this phase during radiation were arrested and could not proceed to the 
spermiogenesis. The existing spermatocytes were also activated after this period and round spermatids started to 
appear in the tubules. This is probably due to the resumption of meiosis in repressed or arrested spermatocytes. 
Since disturbance of calcium ion currents through cell membrane have been suggested to be a major effect of 
exposure to electromagnetic fields (Adey, 1993), proceeding with these processes, which are mediated by 
calcium and potassium ion currents through their membrane (Goldsworthy, 2007), will occur only after stop of 
EMFs irradiation. The later author denoted that without calcium ions, cell membranes are weakened and leaks 
the membrane surrounding the lysosomes can release DNAase destroys DNA in the cells by mobile phone 
signal. 
 After 15 days of ending the exposure, which represent a complete seminiferous epithelial cycle have 
elapsed (Almeida et al., 2006), the seminiferous tubular structure became almost normal may due to tight 
junctions of the Sertoli cells which would resume their ability to pass these cells (Cheng and Mruk, 2002; 
Kierszenbaum and Tres, 2012). Quantitative evaluation in the present work showed an apparent decrease in the 
mean diameter of the round seminiferous tubules. This may be due to the emptying of the spermatozoa from 
some tubules or may be due to the recorded decrease in spermatocytes which is attributed to ending meiosis or 
both. The decrease in tubular diameter may lead to the increase of interstitial cells and their contents of Leydig 
cells. This may be a mechanism to enhance the process of spermatogensis. 
 After 30 days, when two cycles were completed, many of the tubules were devoid of spermatozoa. 
Although other phases of the cycle could be observed, some tubules presented signs of necrosis. The necrotic 
cells may be those which were exposed to EMFs during the S-phase of the cell cycle in A-type spermatogonia. 
In this case, the radiation may have resulted in DNA fragmentation (Liboff et al., 1984; Lai and Singh, 2004). 
The interstitial area between tubules showed necrosis was enlarged with a high density of Leydig cells. 
Goldsworthy (2007) and Kumar et al.(2011) reported that electromagnetic exposure causes alter genes 
arrangement and may even tie themselves in knots in attempt resulting malformation in chromosomes. So that 
the eggs or sperm have incomplete or unbalance set of genes and so reduce infertility.  
 It was concluded that exposures to weak EMFs were more effective than strong one since the biological 
effects become irreversible (Blackman et al., 1982; Sinik and Despotovic, 2012). They explain those magnetic 
fields penetrate living tissue more easily so cause more damage.   
 By the time in the current work to complete more than 3 cycles, after 45 days, most of the tubules are 
loaded with spermatozoa. This may be due to synchronization of the tubular cycles after the period of EMFs 
exposure. This could be the case since the whole process of spermatogenesis in rat was reported as 51.6 days 
(Clermont, 1972). By this time a new cycle started by migration of preleptotene spermatocytes leading to the 
recorded increase in these cells, the spermatozoa are released to increase the mean of spermatozoa in the 
epididymis, the high Lyedig cell numbers, and testosterone and FSH level results in activation of 
spermatogensis. This may represented the period needed for complete recovery from the effect of EMFs. Studies 
on the fertility must be more attention for keeping human health. Hence other factors affect spermatogenesis and 
both testosterone and LH levels as in case of some pesticides and fungicides as denoted by Sakr et al. (2009) 
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and Sakr and Shalaby (2011). Under proper cell signaling, preleptotene spermatocytes migrate into the 
adluminal compartment of the seminiferous tubules (Cheng et al., 2002). 
 In conclusion, EMFs hindered the progress of spermatogenesis after 30 days of the extermination of 
radiation, spermatogenesis resumed. Complete recovery was recorded after 45 days of the end of EMFs 
exposure. 
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