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1. Introduction

   These days, most  human environments are immersed in 

an ocean of huge amounts of electromagnetic waves.  These 

electromagnetic waves has two main sources, natural and man-

made. Among the man-made sources are mobile phones and base 

stations, television and radio broadcasting facilities, radar, medical 

equipments, microwave ovens and radiofrequency heaters and  

diverse assortments of other electronic devices in our living and 

working environments. Radiofrequency electromagnetic field (RF-

EMF) refers to the frequency range from 3 KHz – 300 GHz i.e. 

microwave range[1,2]. Radiation  emitted by cellular phones consist 

of  electromagnetic waves within  the  microwave  and  radio  

waves  range  at different  frequencies. This type of radiation is 

considered as non-ionizing radiation having low energy, long wave 

lenth and low frequency. Based on epidemiological data[3,4], there 

are potential health hazards such as the risk of leukemia in children 

and brain tumors in adults where electromagnetic radiation (EMR) 

was implied as a factor. On this and other  bio-effects that were 

reported as critical issues by  the world health orgnization have led 

to increasing fear of as well as interest in EMR[5].   Reproduction 

is a critical function for the perpetuation of organisms. Damages 

to reproductive organs can cause subfertility and abnormality in 

embryonic development. Several non-infectious factors including 

exposures to non-ionizing EMF especially RF fields used in mobile 

communications have been suggested as potential risk factors 

leading to infertility[6]. Exogenous and endogenous oxidants or 

free radicals are the major cause of over a hundred human and 

Objective: To investigate the effects of 1800 MHz Global system for mobile communications (GSM)-like 

RFR exposure on female rats’ fertility. Methods: The study was conducted on nine groups of Sprague-

Dawley rats (20 rats/group). Control group and exposure groups which exposed to EMF 1 hr/day and 2 hr/

day for 15, 30 and 60 days respectively. Animals were whole body exposed to electromagnetic field using 

GSM-like radiofrequency at SAR level 0.048 W/kg. Immediately after the last exposure, rats were divided 

into two subgroups for fertility evaluation, ovarian follicles count, sex hormones and oxidative stress 

assessment. Results: Prolonged cohabitation days until delivery (P<0.01, P<0.05) in exposure groups 

during intervals 30 and 60 days compared to conrtol was observed. Moreover, a significant decrease in the 

number of pups per delivery was observed during intervals 30 and 60 days (P both <0.01) respectively. 

Ovarian follicles count showed a dramatic decrease in exposure groups throughout the experiment except 

the number of atretic follicles was significantly increased compared to control groups. FSH level was 

significantly reduce within periods of 30 and 60 day exposure groups  (P<0.001, P<0.001). LH level was 

remain constant during the periods of 15 and 30 days and was reduced significantly in 2 hr/day group for 

60 days (P<0.04). Melatonin levels were significantly lowered in exposure groups of periods 30 and 60 

days (P<0.05, P<0.001). Glutathion peroxidaes activity was reduced in all exposure groups except in 1hr./

day exposure group during 30 day period which remained constant. Malondialdehyde levels were raised 

significantly in exposure groups for 30 and 60 days compared to the control (P<0.001). Conclusions: Our 

findings conclude that exposure to electromagnetic fields causes female reproductive activity impairment. 

Asian Pacific Journal of Reproduction 2015; 4(3): -

Asian Pacific Journal of Reproduction

Journal homepage: www.apjr.net



2 Ali Saeed Al-Chalabi et al./ Asian Pacific Journal of Reproduction (2015)-

animal diseases. The antioxidant defence systems by antioxidant 

enzymes, vitamines and hormone like melotonin (MT) are of major 

importance as they provide natural protection to the body tissues 

including the genitals against the harmful effects of free radicals 

that lead to impaired ovarian function[7]. Oxidants are normally 

produced during healthy cellular metabolism, wherein 98% of the 

oxygen consumed by a cell is converted to water and the remaining 

1%-2% of the unutilized oxygen is free to escape as free radicals[8]. 

Tissue antioxidants are in continuous pattern of neutralizing reactive 

oxygen species (ROS ) production to keep oxidant and antioxidant 

system in balance. Whenever production of ROS exceeds the 

scavenging capacity of antioxidants, it leads to oxidative stress 

(OS)[9]. Radiofrequency electromagnetic waves (RF-EMW) might 

disturb ROS metabolism by increasing free radicals production or 

by decreasing antioxidant system activity[10]. Research on mobile 

phone radiation effects on both sexes reproductive systems have 

showed that the electromagnetic field (EMF) exposure had no effect 

on the number of oocytes ovulated, but EMF exposure can promote 

the occurrence of aneuploidy caused by an aneugen via a mechanism 

involving the neuroendocrine system[11]. Mobile phone waves were 

also reported to affect the ovaries and increase follicular atresia and 

cause changes in sex hormones concentration leading to reduction 

in fertility rates in female rats[12]. Many studies have focused on the 

relationship between electromagnetic waves  and bio-effects of these 

waves on the reproductive system[6,13,16]. Although researchers have 

used animal experiments to determine the effects of RF-EMW on 

reproductive system, many of the results were contradictory. Some 

of the studies have suggested that RF-EMW has no effect on fertility 

and the reproductive system[17-19], while others have reported that 

Extremely Low Frequency Magnetic Field (ELF-MF) can cause 

many changes in the male reproductive system as well as reduction 

in sperm count, volume, motility and pathological changes in 

testicular sections in experimental animals[20-23]. 

   This study was aimed to invetigate the effect of electromagnetic 

fields 1800 MHz GSM frequency on female rats’ fertility, ovarian 

follicles development, sex hormones and oxidative stress at SAR 

level 0.048 W/kg as whole body exposure. Since we use SAR 

below limited values that recommended by ICNIRP and IEEE, the 

expected results will contribute to the development and updating the 

international standards for saftey exposure to RF-EMFs to women at 

home or at work. 

2. Materials and methods

2.1. Animals

   The experimental protocols and the use of animals in this research 

were reviewed and approved by the scientific committee of the 

faculty of veterinary medicine, University Malaysia Kelantan 

(UMK). Experiments were performed on adult female Sprague- 

Dawley rats. Animals were bred in the laboratory animal research 

unit of the Faculty of Veterinary Medicine (UMK), under the same 

breeding condition at room temperature (24±1) 曟 and humidity 

(60±10)% relative humidity with light/dark cycle of 12-12 hour. 

Clean tap water and standard rat pellet were provided ad libitum 

throughout the experiments. Animals were kept in especially 

designed exposure Plexiglas box  (60 cm 伊 40 cm 伊 20 cm). Nine 

groups were equally divided into three periods of exposure 15, 30 

and 60 days. Each exposure period consists of three groups, control 

group,1hr/day exposure group (n=20 each) and 2hr/day exposure 

group (n=20).   At the end of each exposure animals were 

divided into two subgroups A and B. Fertility test was conducted on 

animals of subgroup A, while sex organs and serum samples were 

collected from subgroup B animals for biochemical and histological 

analysis.

2.2.  Radiofrequency Electromagnetic Radiation exposure 
setup and design

   GSM-like signals were generated at a frequency of 1800 MHz by a 

signal generator (Agilent Technologies E8267D, 250KHz – 20GHz 

PSG Vector Signal Generator) with an integrated pulse modulation 

unit and horn antenna (A-INFOMW Standard Gain Horn Antenna 

1.7–2.6GHz  WR430, China) in an exposure room. The signals 

were amplitude-modulated by rectangular pulses with a repetition 

frequency of 217 Hz and a duty cycle of 1:8 (pulse width 0.576 

msec), corresponding to the dominant modulation component of the 

GSM. The RFR generator provided 20 dBm (0.1W) powers during 

the exposure period[24-26]. SAR level 0.048 W/kg  was calculated 

using this equation;

SAR = 
毮

P
/E2  

   Where (E) is the magnitude of electric field 38.63 v/m, (毮) is 

the conductivity 1.34 s/m and (p) is the mass density of the tissue-

equivalent media 1 090 kg/m3 [27]. Whole body radiofrequency 

radiation (RFR) exposure were done.

2.3. Body weight

   All animals were weighed individually by using a balance with 

0.01 g sensitivity on time zero ( a day before starting the experiment) 

and at the end of each of experiment interval.

2.4.  Fertility test 

   Rats of subgroups A of periods 15, 30 and 60 days consecutively 

(control group, 1hr\day and 2hr\day exposure groups) were 

cohabitated with untreated breeder male rats of the same strain in 

order to evaluate female fertility after exposure to 1800 MHz GSM 

like radiation. Female rats cohabitated with male rats for 15 days in 

Plexiglas cages for mating, males were changed every five days with 

was

delete (-)
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other adult males to exclude infertile male, and then at day 16 males 

were isolated from the female cages and the latter were left for 21 

days which is the length of pregnancy in rats. During the cohabitation 

period vaginal lavage samples were examined microscopically each 

morning for the presence of sperm. The day of finding acopulatory 

plug or sperm was considered day 0 of pregnancy and pregnant 

rats were separated until parturition in individual cages. Parameters 

including pregnancy percentage in each group, number of mixing 

days (male and female) until parturition and number of pups per 

birth.

2.5. Sample collection

   Rats of subgroups B of periods 15, 30 and 60 days consecutively 

(control group, 1hr/day and 2 hr/day exposure groups) were 

weighed and anesthetized with intraperitoneal (IP) injection 

of Ketamine and Xylazine combination at dose 0.1 mL/100 g 

b.w. at dose 80 mg/kg b.w. ketamine and 5 mg/kg b.w. Xylazine. 

Blood samples were collected via bleeding from the eye angle[28] 

and were collected in plane tubes without anticoagulant for serum 

preparation, spin at 2 500 rpm for 15 min and the sera were placed in 

serum tubes, labeled and stored at -20 曟 until used for biochemical 

analysis.

   Ovaries were removed, cleaned from fatty tissues and weighed 

using digital scale with precision of 0.001 g. Right ovaries samples 

were fixed in 10% neutral buffer formalin for 24 hours before 

starting the process of preparation for histological slides. Specimens 

were dehydrated, cleared with xylol, tissue blocks, sections at 6 

microns were prepared, stained with H&E stain and examined under 

light microscope for counting ovarian follicles. Thirty slides/group 

were prepaired for counting ovarian follicles, each slide contains 

three sections from each ovary[29]. Olympus microscope (model: 

BX43F) was used for evaluation of ovarian tissue slides. Different 

ovarian follicles were counted carefully depending on histological 

structure of follicles i.e the type and the shape of the cells forming 

the follicles[30,31]. The diagnosis of different types of ovarian 

follicles was confirmed by histologist and pathologist in veterinary 

medicine college of UMK. 

2.6. Hormonal assay

   For the quantitative determination of the sex hormones LH, FSH 

concentration in serum ELISA Kit for LH and FSH were used 

(CUSABIO Rat FSH Catalog No. CSB-E06869r and CUSABIO Rat 

LH Catalog No.E12654r Wuhan University Science, Wuhan, Hubei 

province 430223, P.R. China). According to the manufacturer’s 

instructions. Briefly 50 µL serum sample was added to each well in 

assay plate, 50 µL HRP-conjugate and 50 µL antibody was added 

to each well then incubate for 60 min. at 37 , aspirate and wash 3 

times, 50 µL substrate A&B were added to each well, incubate 15 

min. at 37 曟, 50 µL stop solution was added to each well and finally 

reading was done at 450 nm by use of spectrophotometer.

2.7.  Oxidant / antioxidant status assessment 

   A rapid method for measuring malondialdehyde (MDA) as bio-

marker of lipid peroxidation in plasma samples were done based on 

thiobarbituric acid (TBA) using spectrophotometric quantification 

of pink MDA-TBA  complex formed by reaction of MDA with 

two molecules of TBA. Lipid Peroxidation (MDA) Assay Kit 

(ab118970, Abcam ) was used according to the manufacturer’s 

instructions. Briefly10 µL plasma with 500 µL of 42 mM H2SO4 

in a microcentrifuge tube were added. Phosphotungstic acid 

solution (125 µL) was added and mixed by vortexing. The mixture 

was incubated  at room temperature for 5 min, then centrifuged for 

3 min at 13 000 伊 g. The pellet were collected and resuspended on 

ice with 100 µL ddH2O (with 2 µL BHT (100伊)). The final volume 

was adjusted to 200 µL with ddH2O,  and then 600 µL of TBA 

solution was added into each tube containing the standard and 

working sample. The solution was incubated at 95 曟 for 60 min 

following reaction with TBA, MDA was directly quantified using 

spectrophotometer at wavelength 532 nm[32].

   Glutathione peroxidase (GSH-PX) concentration in serum was 

measured by using rat glutathione peroxidase ELISA Kit (CUSABIO 

Rat GSH-PX  ELISA Kit, CSB-E12146r, Wuhan University 

Science, Wuhan, Hubei province 430223,P.R.China) according to the 

manufacturer’s instructions estimation was done. 

   Melatonin (MT) concentration in serum was estimated by using 

of rat melatonin ELISA Kit (CUSABIO Melatonin ELISA Kit, 

CSB-E13433r, Wuhan University Science, Wuhan, Hubei province 

430223, P.R China) according to the manufacturer’s instructions 

estimation was done. Both  GSH-PX and MT measurments were 

done as follows. Briefly reagents were prepared, 100 µL of samples 

and standared were added to wells and incubated for 2 hrs at 37 曟.  

Liquid from each well was removed and 100 µL of biotin- antibody 

were added and incubaed for 1 hrs at 37 曟. After washing three 

times with washing solution, 100 µL HRP-avidin were added to 

each well and incubated for 1hrs  at 37 曟. After that each well was 

washed 5 times by washing solution and 90 µL TMB substrate were 

added o each well and incubated for 20 min. and finally 50 µL stop 

solution was added to each well. Spectrophotomerter was used at 

wave length at 450 nm to read the assay plate.

2.8. Statistical analysis 

   All results were expressed as mean ± standard error (mean ± S.E.). 

Data were evaluated by using SPSS program v.22 software (SPSS 

In. Chicago, IL., USA). Chi-Square, ONE and TWO-way ANOVA 

and LSD test were used to evaluate the significance between groups, 

P values of less than 0.05 were considered as significant.

3. Results

3.1. Effect of 1800MHz GSM-like RF-EMF on body and 
ovary wieght
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showed a significant decrease in avarge number of pups per delivery in 

exposure groups during period 60 days compare with exposure groups 

during periods 15 and 30 days respectivly  ( Table 2).

   Although there is decline in pregnancy rate among the study 

groups, Chi-Square test showed that the pregnancy rate in exposure 

groups had non-significant differences (氈
2=0.329) by comparing 

pregnancy within experimental groups, also there is no significant 

difference by comparing pregnancy rate within intervals 15, 30 and 

60 days (氈
2=0.621).

3.3. Effect of 1800MHz GSM-like RF-EMF on ovarian 
follicles count.

   Serial ovarian section were observed under light microscope 

to determine the quantity of ovarian follicles in different stage of 

development and the sections exhibited dramatic variation in the 

number of ovarian follicles after exposure for  1 hr and 2 hr per 

day for 15 days. The results showed significant decrease in number 

of secondary and Graafian follicles as well as corpus luteum as 

compared to control groups. However, the number of primordial and 

primary follicles were not affeted (Table 3).

   A significant decrease in total number of ovarian follicles (except 

for the number of atretic follicles) showed increase in number in 

in 30 and 60 days exposure groups compared to the control group. 

(Table 3).

3.4. Effect of 1800MHz GSM-like RF-EMF on FSH, LH 
levels.

   Exposure of rats to 1800MHz GSM-like RF-EMF for 1hr/day and 

2 hr/day for 30 and 60 days caused a significant decrease in serum 

FSH level in comparison to control group (P<0.001). The serum 

LH levels results showed significant deacrease in 2 hr/day exposure 

group compared to the level shown in control group (P<0.05). 

However, no difference in serum FSH and LH was observed in 15 

days exposure ( Table 4).

   The analysis of variance of mean ± S.E. of body and ovaries 

weights in the electromagnetic feild exposure groups showed no 

significant changes as compared with control group ( Table 1).

3.2. Effect of 1800 MHz GSM-like RF-EMF on female ats’ 
fertility.

   The length of period for mixing of EMF exposed females with 

normal adult males for fertility test until delivery compared to conrtol 

group during intervales of 30 and 60 days have seen significant an 

increase in the length of period. Moreover, a significant decrease in 

the number of pups of each delivery was observed during the same 

intervals 30 days and 60 days respectivly compare with control 

group, two-way ANOVA analysis of mean ± S.E of  number of pups 

Table 1
Effect of 1800MHz GSM-like RF-EMF on body weight and ovaries weight(g).            

Groups
Body weight Ovaries weight

15 days 30 days 60 days 15 days 30 days 60 days
Control 267.50±2.50 289.90±3.20 292.60±3.00 0.108±0.007 0.103±0.005 0.085±0.002
1h/day exposure 270.05±3.10 284.50±3.40 294.50±3.60 0.113±0.004 0.099±0.003 0.090±0.005
2h/day exposure 275.55±2.80 291.00±2.80 291.05±3.20 0.105±0.003 0.107±0.006 0 089±0.004

Table 2
Effect of 1800MHz GSM-like RF-EMF on fertility test.

Groups
No. of days of cohabitation females with male s until parturition No. of pups/ Dum 

15 days 30 days 60 days 15 days 30 days 60 days
Control 29.90±1.41 28.00±1.00 28.90±1.26 7.50±1.74 9.40±1.22 7.90±1.37
1 h/day exposure 29.10±1.26   31.90a±1.00 32.80a±1.08 6.30±1.18 4.50b±1.07 3.10b±0.86
2 h/day exposure 30.70±1.19 32.20b±1.00 32.40±1.26 4.40±1.02 4.40b±1.056 2.80b±0.96

Values are mean ± S.E. aP < 0.05, bP < 0.01  conseder as significant compared with control group.

Table 3
Effect of 1800MHz GSM-like RF-EMF on No. of ovarian follicles after 15, 30 and 60 days of exposure

 
Parametres

15 days 30 days 60 days

Control
1 h/day

exposure
2  h/day
exposure

Control
1 h/day 

exposure
2 h /day 
exposure

Control
1 h/day 

exposure
2 h/day 

exposure
Primordial follicle 12.64±0.41   12.27±0.38  11.70±0.43   0.53±0.22  11.37±0 .34  11.10±0.36  11.26±0.29  11.66±0.37  10.95±0.37
Primary follicle  9.24±0.23    8.81±0.18    8.70±0.20   9.40±0.17   7.87c±0.18   7.83c±0.21   9.24±0.19   7.72c±0.17   7.94c±0.18
Secondary follicle  8.65±0.24   5.34c±0.25   5.66c±0.23   8.54±0.25   5.55c±0.19   4.96c±0 .15   8.15±0.21   5.99c±0.20   5.21c±0 .18
Atretic follicle 4.12±0.24   7.36c±0.24   7.27c±0.27   4.16±0.21   7.08c±0.20   6.84c±0.23   3.22±0.19   7.01c±0.18   6.41c±0.22
Graafian follicle 7.37±0.18   3.89c±0.25 3.548b±0.20   7.28±0.16   3.83c±0.22   3.46c±0.17   7.39±0.17   3.33c±0.22   3.28c±0.22
Corpus luteum 8.01±0.21    7.36a±0.19   7.42a±0.18   7.64±0.19   6.15c±0.19    5.62c±0.17   8.06±0.11   5.40c±0.20   5.40c±0.19

Values are mean ± S.E. aP< 0.05, bP< 0.01, cP< 0.001 compared with the control group.    
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3.5. Effect of 1800 MHz GSM-like RF-EMF on oxidant and 
antioxidant status 

   Exposure of the rats to 1800MHz GSM-like RF-EMF for 1hr/day 

and 2 hr/day for 15 days did not reveal any altration in MT and MDA 

levels, while an increase in GSH-PX ativity was recorded in both 

exposure groups compared to control group. On the other hand, in 

the exposed groups, prolongation of exposure for 30 days resulted in 

a significant decrease of MT level, GSH-PX activity and increase in 

MDA level in when compared to control group. MT level and GSH-

PX acitivity in serum showed that prolonged exposure to RF-EMF 

for 60 days in exposed groups compared with control group  were 

significantly lower (P=0.001, P=0.004) respectively  . Moreover 

plasma MDA level in both exposed groups comparing with control 

group was significantly higher (Table 5).

4. Discussion

   High levels of chronic exposure of the enviroment and human 

population to RF-EMF ( i.e. non-ionizing EMF within microwave 

range) over the last years has been dramatically increased due to 

the rapid expansion of modern mobile phone communications 

technology. Reproduction is a critical function of the human and 

animals. Exposures to non-ionizing EMF, especially RF fields used 

in mobile communications, have been suggested as potential risk 

factors[6]. The results from the  present study that the exposure to 

RF-EMF 1 hr/day and 2 hr/day for 15, 30 and 60 days has no effect 

on body and ovaries weight is consistent with previous studies. Al-

Akhras found that female rats exposed to 50 Hz magnetic field 

for 18 weeks were not affected in terms of  body weight[33]. Xu 

Table 5
Effect of 1800MHz GSM-like RF-EMF on oxidant and antioxidant status.

 
  Groups

15 Days 30 Days 60 Days
MT (pg/mL) GSH-PX

 (mIU/mL)
MDA

 (nmol/mL) 
MT 

(pg/mL)
GSH-PX

 (mIU/mL)
MDA

 (nmol/mL) 
MT 

(pg/mL)
GSH-PX

 (mIU/mL)
MDA

 (nmol/mL)

Control 42.277±3.640 64.497±1.280 1.833±0.080 40.105±2.430 63.451±1.090 1.989±0.060 42.547±2.060 71.243±2.490 1.916±0.210
1 h/day exposure 38.626±0.600 59.698±1.120a 1.982±0.160 35.292±0.860a 60.929±1.130 3.194±0.110c 34.267±1.290c 62.402±2.100b 5.539c±2.880
2 h/day exposure 37.547±0.670 58.016±1.020b 2.109±0.160 34.991±0.790a 58.685±1.550a 3.500±0.160c 32.245±1.230c 62.383±1.210b 6.089c±0.320

Values are mean ± S.E. aP<0.05, bP<0.01, cP<0.001 compared with the control group.
=

et al observed that high-frequency electromagnetic field had no 

significant effect on ovarian humid weight[34]. Vahid et al found that 

exposed female rats to mobile phone for 2 weeks and 1 month 12 

times 10 minutes each showed  no significant changes in body and 

ovarian weights[12].

   As far as our best knowledge, this study is the first to investigate 

the effect of 1800 MHz GSM-like RF-EMF on females fertility 

by calculating the number of cohabitation days of study females 

with normal non-exposed male rats untill delivery and pregnancy 

rate as well as number of pups/delivery. Our results showed that 

the length of period for cohabitation of EMF exposed females 

with normal adult males until delivery compared to conrtol group 

during intervales of 30 and 60 days had seen significant increase in 

the length of period as well as reduction in number of pups. These 

results are logically compatible with the reduction in ovarian follicles 

number during the experiment intervals. This finding is in agreement 

with Gule results that the exposure of pregnant rats to mobile phone 

radiation for 21 days has effect on female pups feritiliy by decreasing 

the number of ovarian follicles development[29]. Reduction in 

ovarian follicle maturation in our experiment is consistent with Vahid 

et al  who showed that exposing female rats to mobile phone waves 

for 2 weeks and 1 month reduced the female fertility by decreasing 

number of secondary and graafian follicles as well as alteration in 

hormone secretion[12]. On other hand, Cecconi et al findings, that the 

extremely low frequency electromagnetic fields (EL-EMF) exposure 

caused impairment in female reproductive capacity by reducing 

follicles capacity to reach maturation stage which is essential to 

reproductive success[35]. The reduction in pups number/delivery in 

our findings is also consistent with the reports by Rajaei et al. study, 

that the EL-EMF effect on mice fertility decreases the number of the 

blastocysts in the EMF exposed group compared to the control[ 36]. 

In this study, the variation in sex hormones levels contributed to the  

impairment of oogenesis process by affecting the development and 

maturition of ovarian follicles in females exposed to RF-EMF when 

Table 4
Effect of 1800MHz GSM-like RF-EMF on serum FSH, LH levels.

Groups
FSH (mlU/mL) LH (mlU/mL)

15 days 30 days 60 days 15 days 30 days 60 days
Control 24.381±1.820 26.190±1.450 25.102±1.030 6.705±0.300 7.119±0.240 6.598±0.450
1 h/day exposure 21.250±1.200 20.031c±1.170 20.881c±0.790 6.427±0.370 6.327±0.570 5.581±0.260
2 h/day exposure 22.341±1.070 19.897c±0.970 18.117c±0.700 5.772±0.450 6.184±0.580 5.194a±0.420

Values are mean ± S.E.aP<0.05,  cP<0.001 compared with the control group.
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compared to the control females. The marked reduction in FSH & 

LH levels may be associated with dysfunction of hypothalamic-

pituitary-gonadal axis and this is in agreement with Al-Akhras 

results that showed the 50 Hz exposure reduces the FSH & LH levels 

after 18 weeks of exposure[33]. In consistency with our data, Jung 

et al  suggested that disrupting the female reproductive endocrine 

physiology in mice exposued to 20 kHz sawtooth EMF might affect 

the estrous cycle[37]. Chun et al found that FSH is a major survival 

factor for early antral follicles, the stage during which the majority 

of follicles undergo atresia under physiological conditions[38], thus 

the FSH play an important role in survival of follicle progress by 

suppressing apoptosis in ovarian follicles. Our results revealed that 

chronic exposure to RF-EMF causes reduction in FSH level that 

contributed to the  reduction in  the level of follicles protection 

against apoptosis by increasing apoptosis rate in ovarian follicles 

cells leading to decrease in number of ovarian follicles in RF-EMF 

exposed females.

   Effect on oxidant and antioxidant status was also observed in 

our study. This was shown  by the rising MDA level which is 

considared as a biomarker for lipid peroxidation as contributing 

factor in the improvment of free radicals–mediated tissue damage. 

There was also reduction in MT levels and GSH-PX activity. 

These results are in consistency with earlier findings that exposure 

of rats to EMF induces oxidative stress by affecting oxidants and 

antioxidant balance inside the body[39-42]. Melatonin (MT) is a 

potent free radical scavenger, inactivating radicals such as hydroxyl 

(OH), nitric oxide (NO) and free oxygen (O) which considered 

as dangerous metabolites for the genetic material[43]. Available 

results lead us to endorse that the potential of disruption of female 

reproducitve system physiology performance is due to high level 

of free radicals formed by daily exposure to EMF and imbalance 

between production of the free radicals and its neutralization process 

represented by antioxidant enzymes (GSH-PX) and MT[7]. Oxidative 

stress inhibitors has a mimic action of FSH ability to suppress 

apoptosis in granulosa cells in cultured rats’ ovarian follicles after 

24 hr. of  incubation and treatment of medium with antioxidant 

enzymes and FSH separatly[44]. Our results showed that reduction in 

both FSH and antioxidant enzyme (GSH-PX) activity and MT level, 

apoptosis prossess was enhanced by decrease in protection level 

and survival of ovarian follicles by FSH and antioxidants leading 

to increase in number of atretic follicles and decrease in number of 

progress follicles.

   In conclusion, the current study suggest that chronic exposure of 

female rats to RF-EMF has harmful effect on reproductive system  

performance through reduction in the growing ovarian follicles 

count and increase of atretic follicles mediated by low FSH level and 

imbalance in oxidant and antioxidant system. Changes in ovarian 

function impacted negatively on the length of the cohabitation period 

till parturition and reduce the number of births. Female subfertility 

or infertility due to exposure to celullar phone or phone twores 

signals is a serious problem should be addressed carefully by further 

investigations.   
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