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Abstract 
With the increasing use of electronic gadgets, the effects of electromagnetic 
waves on sperm quality have been reported. This study evaluated the capacity 
of seminal antioxidants to protect spermatozoa from the effects of exposure 
to non-ionizing cellular phone radiation on markers of semen quality and 
DNA integrity in an in-vitro model. A total of seventy-three (73) patients at-
tending a fertility centre in Sakumono, Tema metropolis were recruited for 
this study. About 2 - 3 mls of freshly ejaculated semen was neatly collected by 
masturbation with consent and analysed according to the 2010 WHO stan-
dard semen analysis. A portion of Semen was exposed to non-ionizing cellu-
lar phone radiation for three (3) hours. Superoxide dismutase (SOD) activity 
levels and DNA fragmentation index (DFI) were determined before and after 
exposure. Data was entered and analysed using SPSS version 20.00 and Graph 
pad prism. DFI was positively associated with immobility (r = 0.233; p = 0.05) 
and negatively associated with percentage progressive motility (r = −0.258; p 
= 0.028), percentage total motility (r = −0.233; p = 0.05) and SOD levels (r = 
−0.270; p = 0.028). There was a significant positive linear relationship be-
tween SOD and progressive motility (r = 0.451; p < 0.0001), vitality (r = 0.725; 
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p < 0.0001) and total motility (r = 0.705, p = 0.05). Higher seminal SOD level 
is protective against the damaging effects of electromagnetic waves on sperm 
quality.  
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1. Introduction 

Generally one in ten couples experience primary or secondary infertility during 
their reproductive years with majority of the affected residing in the developing 
world [1] [2]. In developing countries, where childbearing is usually considered 
as social capital, it is often the female partner that is blamed for any difficulty in 
conception. However male factor infertility is increasing globally and accounts 
for about a third of all infertility cases [3] [4].  

Oxidative stress generated by free radicals in semen is a major source of DNA 
fragmentation, which varies from man to man. The two main antioxidant en-
zymes in semen, superoxide dismutase (SOD) and catalase modulate the rate 
and effects of oxidative stress on spermatozoa [5]. High levels of mitochondrial 
superoxide dismutase have been reported to protect cultured cell lines against 
ionising and or non-ionising electromagnetic radiation-induced oxidative stress 
[6]. 

The frequency of electromagnetic fields determines the field energy. For ex-
ample, X-rays have high frequencies and are capable of causing DNA damage 
due to their high-energy capacity. In the lower frequencies on the electromag-
netic field spectrum are the non-ionising fraction, which includes those emitted 
from microwaves, television, radio frequencies and cellular phones [7].  

In the last decade, the use of mobile telecommunication services and devices 
in developing countries especially in Africa is on the ascendancy with some in-
dividuals having on them as many as four (4) cell phones at any given time. 
About half of these people currently use multifunctional cellular phones with 
high electromagnetic frequencies but most are unaware of its health implications 
[8] [9]. The negative effects of prolonged cell phone usage on human health have 
been described severally [10] [11] [12].  

With regards to male infertility, Agarwal et al. (2008) [13] have reported det-
rimental effects on the motility and viability of spermatozoa depending on how 
long men used and kept cell phones in their pockets. 

The aim of this study was to assess the capacity of antioxidants in semen to 
protect sperms from oxidative stress induced by cellular phone electromagnetic 
waves using sperm parameters and DNA fragmentation index as the measured 
outcomes. 
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2. Methods 
2.1. Ethical Consideration 

Ethical Clearance was obtained from the Committee on Human Research, Pub-
lication and Ethics (CHRPE) of the School of Medical Sciences (SMS), Kwame 
Nkrumah University of Science and Technology (KNUST). Written consent was 
obtained from all participants. 

2.2. Subjects 

Seventy-three (73) men reporting at the fertility centre of Jubail Specialist Hos-
pital in Tema, Ghana for semen analysis were recruited for this study. All re-
cruited men were between 18 - 50 years and had no history of sexually transmit-
ted infection, diabetes, drug addiction and hormonal imbalances that may affect 
spermatogenesis. Recruited men presented with normal semen analysis per 
WHO standards [14] (World Health Organisation, 2010). The patient selection 
was done at a fertility centre (Jubail Specialist Hospital) for men who were com-
ing for semen analysis aging between 18 - 50 years whose semen analysis results 
were normal per the WHO standards for semen analysis. These patients were 
given a questionnaire to give their bio data, health and life style history. The se-
lected ones (inclusion criteria) were non-alcoholics, non-smokers, not hyperten-
sive as well as non-diabetics based on the information that were given on the 
questionnaire. 

2.3. Anthropometric and Demographic Assessment 

Weight in kg and height in meters were recorded and body mass index (BMI— 
kg/m2) was calculated. A structured questionnaire was administered to record 
information about participants’ residence proximity to telecom mast, the type 
(analog or smart), number of mobile phones used and the approximate duration 
per day that their phones are kept in their pants pockets. Information on marital 
status, occupation, alcohol intake, and cigarette smoking were recorded.  

2.4. Semen Sample Collection 

Participants were given clear written and oral instructions concerning semen 
collection. Samples were collected by masturbation after 2 - 4 days of sexual ab-
stinence [14] (World Health Organisation, 2010). Participants ejaculated into 
clean pre-weighed, non-toxic, wide-mouthed sterile plastic semen containers 
(Shivani Scientific Industries Pvt. Ltd, Mumbai, India) and presented to the resi-
dent embryologist(s) within ten minutes after production.  

3. Processing and Treatment 

Samples were allowed to liquefy completely for 15 - 30 minutes at room tempera-
ture. Following liquefaction, we performed semen analysis, assayed DNA frag-
mentation and SOD levels and divided samples into two aliquots: exposed group 
(exposed to cell phone radiation) and control group (no exposure to cell phone). 
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3.1. Exposure of Semen Samples to Electromagnetic Waves 

The exposed aliquot was exposed to radio frequency electromagnetic waves (RF- 
EMW) emitted from a cellular telephone in standby mode and cellular data ser-
vices turned on. The measured frequency was 947.6 MHz with average receiving 
and transmitting powers of 24.78 (µW) and 21.74 (µW) respectively. The SAR 
for both receiving and transmitting were also 3.29 (W/Kg) and 2.89 (W/Kg) re-
spectively. The distance between the phone antenna and specimen was kept at 
2.5 cm with duration of exposure being 180 minutes in a 35˚C incubator. The 
most common telephony frequency used in the study site is 850 - 950 MHz, 
which influenced our choice of radio frequency used in this study. The unex-
posed (control) aliquots were also kept in a 35˚C incubator for 180 minutes but 
without RF-EMW exposure. 

Power density was monitored in control condition (unexposed group) and ex-
perimental condition (exposed group) throughout the experiment using a power 
meter (Anritsu Power Sensor, model MA 24126A, Anritsu Corporation, Kana-
gawa Japan) at the Ghana Atomic Energy Physics Laboratory. Power density in 
the 3.2 control condition was 0.01 to 0.1 µW/cm2. Power density in the experi-
mental condition was 1 to 40 µW/cm2. 

3.2. Frequency and Temperature 

The frequency emitted by the cell phone was confirmed to be 947.6 MHz with a 
radio frequency spectrum analyser (Kaltman Creations LLC, Georgia, USA). Both 
aliquots were kept at 35˚C to mimic the normal reactions in the human body 
taking into consideration the effect of temperature on ROS formation and semen 
parameters as baseline analysis on all samples were measured.  

3.3. Pre and Post-Exposure Analysis 

The following assays were performed before and after RF-EMW exposure follow-
ing similar protocols. 

3.4. SOD Activity Measurement 

SOD levels were assayed by colorimetric method using SOD assay kit (Cayman 
Chemicals, Michigan, USA) and ELISA plate reader URIT-660 (URIT Medical 
Electronic Group Co. Ltd., Guilin, China) The seminal plasma (SP) were ob-
tained from each of the aliquot samples from the neat, unexposed and exposed 
sample (A, A1, A2) after centrifugation with the temperature-regulated centri-
fuge (Shivani Scientific Pvt. Ltd., India) at 1500 rpm for 10 mins at 4˚C. The SP 
of each sample were carefully separated and stored at −80˚C, which is stable for 
at least one month according to the manufacturer. The supernatant fluid was 
then diluted by a factor of 30 with sample buffer, and 10 µl of the diluted solu-
tion used to measure SOD levels (Cu/Zn-SOD (SOD1), Mn-SOD (SOD2) and 
extra cellular-SOD (SOD3)) per sample as described by the manufacturer (Cay-
man Chemicals, Michigan, USA). 
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3.5. Semen Analysis 

Immediately after 180 minutes of incubation, both aliquots (unexposed and ex-
posed) were analysed for sperm total motility (progressive and non-progressive 
motility) and viability according to the 2010 WHO guidelines on semen analysis. 

3.6. DNA Damage/Fragmentation 

Sperm DNA fragmentation was evaluated using the sperm chromatin dispersion 
assay (SCDA) kit (Sperm Processor, Maharashtra, INDIA). Briefly, aliquots of 
semen samples were adjusted to concentrations ranging between 5 to 10 mil-
lion/ml. Fifty microliters of the suspensions were mixed with 1% low-melting-point 
aqueous agarose (to obtain a 0.7% final agarose concentration) at 37˚C. Aliquots 
of 50 μl of the mixture were pipetted onto a glass slide pre-coated with 0.65% 
standard agarose dried at 80˚C, covered with a coverslip, and left to solidify at 
4˚C for 4 minutes. The coverslips were then carefully removed, and the slides 
were immediately immersed horizontally in a tray of commercially prepared de-
naturation solution (0.08 N HCl) for 8 minutes at room temperature in the dark, 
which generates restricted single-stranded DNA (ssDNA) motifs from DNA 
breaks. Denaturation was stopped, and proteins denatured by transferring the 
slides to a tray with neutralizing and lysing solution (0.4 mol/l Tris, 0.8 mol/l 
DTT, 1% SDS, and 50 mmol/l EDTA, pH 7.5) for 15 minutes at room tempera-
ture. The slides were thoroughly washed in Tris-borate–EDTA buffer (0.09 mol/l 
Tris-borate and 0.002 mol/l EDTA, pH 7.5) for 2 minutes, dehydrated in se-
quential 70%, 90%, and 100% ethanol baths (2 minutes each). The fixed smears 
were then stained using the Wright staining technique for light microscopy. Re-
sults of the SCDA test were expressed as percentage DNA fragmentation (% DFI). 

3.7. Data Analysis 

Data obtained was cleaned and analysed using Statistical Program for Social 
Science (SPSS) version 20.0 and Graph pad prism version 7.0. Data was summa-
rized as frequencies, percentages, means and standard deviations. Student t-test 
and ANOVA were used to compare the significance of the study parameters on 
continuous scale within and between groups. The effects of the independent 
variables on the dependent variable were assessed using generalized linear cor-
relations analysis. All tests were two tails and a p-value less than 0.05 was inter-
preted as significant.  

4. Results 

Socio-Demographic and Anthropometric Characteristics of the Participants 
Socio-demographic characteristics and anthropometry of the participants were 

recorded. A total of seventy-three participants were enrolled. A higher propor-
tion of participants (78.08%) had one (1) phone and none of them (100%) re-
sided close to a telecom mast (Table 1). 

The demographics have already been shown in Table 1. 
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Table 1. Socio-demographics characteristics anthropometrics of the participants. 

Variable Frequency Percentage (%) 

Age (years) (Mean ± SD) 38.81 ± 5.87  

Age Groups (years)   

25 - 30 5 6.85% 

31 - 35 16 21.92% 

36 - 40 21 28.77% 

41 - 45 15 20.55% 

46 - 50 16 21.92% 

Height (m) (Mean ± SD) 1.72 ± 0.048  

Weight (Kg) (Mean ± SD) 76.70 ± 25.91  

BMI (kg/m2) (Mean ± SD) 25.91 ± 2.42  

Educational Level   

Primary 2 2.74% 

Secondary 8 10.96% 

Tertiary 63 86.30% 

Marital Status   

Married 73 100% 

Single   

Proximity of Telecom Mast (50 meters radius)   

Yes   

No 73 100% 

Type of Phone   

Analog 2 2.74% 

Smart 71 97.26% 

Keeping Phones in Front, Pockets of Pants   

No 12  

Yes 61  

No. of Phones in Pockets   

1 57 78.08% 

2 13 17.81% 

3 3 4.11% 

No. of Days of Abstinence   

(Mean ± SD) 3.06 ± 0.24  

SD = Standard Deviation, BMI = Body Mass Index. 
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There is a negative correlation between pH and the DFI before RF-EMW ex-
posure though not significant. SOD levels showed a significant positive correla-
tion with total motility whiles DFI showed a significant negative correlation with 
total motility across the various interventions or treatments—in the neat, RF-EMW 
exposed and incubation without exposure. SOD was significantly negatively cor-
related with DFI in all three arms of sample treatment (Table 2). 

There was a consistent significant reduction across treatment arms in the or-
der A > B > C for levels of SOD, percentage total motility and vitality of sper-
matozoa whiles DFI increased across treatment arms in the order A < B < C 
(Figure 1). 
 

 
Figure 1. Pairwise comparisons of measured outcomes across three treatment groups, A 
= neat semen sample, B = 37˚C incubation, C = RF-EMW exposed sample, *** = p < 
0.0001, SOD = superoxide dismutase. 
 
Table 2. Correlation between SOD, DFI and measured semen parameters. 

 

r values 

Neat Sample RF-EMW Exposed Un-Exposed 

SOD (U/ml) DFI (%) SOD (U/ml) DFI (%) SOD (U/ml) DFI (%) 

Age 0.062 −0.082 0.043 0.155 0.07 −0.078 

pH −0.044 −0.021 −0.207 0.006 −0.227 0.184 

Sperm Count 0.227 −0.198 
    

% Progressive 0.439*** −0.434** 0.451*** −0.258* 0.407*** −0.43*** 

% Non-progressive 0.578*** −0.559*** 0.544*** −0.066 0.615*** −0.556*** 

% Total Motility 0.724*** −0.707*** 0.705*** −0.233* 0.711*** −0.695*** 

% Immotility −0.724*** 0.707*** −0.705** 0.233* -0.711*** 0.695*** 

% Morphology 0.578*** −0.528*** 
    

% Vitality 0.003 0.043 0.725*** −0.178 0.728*** −0.697*** 

SOD 
 

−0.90*** 
 

−0.270* 
 

−0.885*** 

SOD: superoxide dismutase; r = correlation coefficient; * = p < 0.05; ** = p < 0.01; *** = p < 0.0001. 
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5. Discussion 

The production of reactive oxygen species (ROS) is a normal physiological process 
in spermatogenesis and ejaculated semen but the state of stress is neutralized by 
antioxidant enzyme systems present in semen [13] [15]. However, when the in-
creased ROS production overrides the antioxidants neutralizing capacity, it re-
sults in a state of oxidative stress with concomitant impact on spermatozoa mo-
tility and DNA integrity. 

In this study the capacity of semen antioxidant—superoxide dismutase to pro-
tect spermatozoa from the damaging effects of RF-EMW emitted from a mobile 
phone was assessed. Spermatozoa total motility, viability and SOD were signifi-
cantly reduced with corresponding increase in DNA fragmentation after expo-
sure to RF-EMW radiation compared to unexposed control incubated at 35˚C 
(Figure 1). This is indicative that electromagnetic waves emitted from cellular 
phones can increase ROS formation causing a “heightened” oxidative stress to 
spermatozoa in ejaculated semen than when compared to internal/self-control 
not exposed to cellular phone radiation. The significantly reduced spermatozoa 
motility and viability in exposed semen can be attributed to the higher state of 
oxidative stress resulting from cellular phone radiation. Increased free radical 
formation resulting from RF-EMW exposure will cause a higher rate of redox 
reaction in the spermatozoa’s plasma membrane and or on leucocytes present in 
the semen by stimulating plasma membrane NADH oxidase [16] [17]. The re-
duced levels of SOD in the exposed group is indicative of a spent antioxidant 
system trying to mop up the free radicals produced due to RF-EMW exposure 
(Figure 1).  

The human spermatozoa possess multiple plasma membrane redox systems 
including the trans membrane NADH oxidase activity [18]. Disturbance in free 
radical metabolism or induction of oxidative stress by cell phone radiation has 
been demonstrated in some animal studies showing decreased total antioxidant 
capacity, i.e., reduced catalase, SOD and glutathione peroxidase activity [19] [20] 
[21].  

SOD correlated positively with spermatozoa total motility and viability but 
negatively with spermatozoa immotility and DFI (Table 2). This could be at-
tributed to the ability of the antioxidant SOD to protect spermatozoa in ejacu-
lated semen from the impact of radiation emitted from cellular phones. Mean-
ing, once SOD levels were high in ejaculated semen, DNA fragmentation in-
duced by free radicals was kept in check and sperm parameters, i.e., motility and 
viability were not affected but high levels of RF-EMW-induced free radicals 
causes a swift decline in SOD levels (Figure 1). DFI directly correlated with 
spermatozoa immotility but inversely with total motility and viability as has 
been previously reported [16].  

Another finding of this study was a significantly reduced SOD levels after in-
cubation at 35˚C (Un-exposed Controls) (Figure 1(a)) compared to pre-exposure 
(neat sample). This we attribute to SOD mopping-up or neutralizing the physio-
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logically produced free radicals. Our results are consistent with an in-vitro study 
by [22]. Esfandiari et al. (2002) [22] who observed significantly increased levels 
of ROS in semen incubated at 37˚C.  

Progressive motility, total motility and viability directly correlated with SOD 
levels significantly (Table 2). A reduction in sperm motility and viability is asso-
ciated with increased concentration of superoxide anion in semen. Increased 
production of superoxide anion in extracellular compartments can oxidize 
membrane phospholipids [23] causing cell death and the resulting reduction in 
spermatozoa viability and motility observed.  

Sperm production happen at temperatures lower than the normal body tem-
perature of 37˚C and the effects of elevated temperature on in-vivo and ejacu-
lated sperm motility and viability has been documented [22]. Similarly, we re-
port a reduced sperm motility and viability when aliquots of the ejaculated se-
men were incubated at 35˚C after 3 hours. When sperms are incubated at 35˚C, 
initially there is an increase in the rate and fraction of motile sperms, however, 
with time the rate and proportion of motile sperms decline possibly due to 
sperm exhaustion and ATP depletion [24] [25] and we speculate this to be the 
reason for our observation.  

Studies regarding sperm DNA damage are complicated due to variations in 
methodology and interpretations. In this study there was RF-EMW-induced 
DNA damage as depicted by the increased DFI after RF-EMW exposure (Figure 
1(b)). Our findings corroborate an in-vitro study by [26] on human ejaculated 
semen. Aitken et al. [27] reported that mice exposed to RF-EMW, 900 MHz, 12 
hours/day for 7 days led to damage to the mitochondrial genome and nuclear 
beta-globin locus of epididymis spermatozoa. Spermatozoa are extremely vul-
nerable to DNA damage as they lose their cytoplasm which contains antioxidant 
enzymes during spermatogenesis [27] and thus exposure to radiation may easily 
damage the DNA. This is the probable explanation for the high DFI observed 
after exposure to the radiation (Figure 1(b)).  

Direct extrapolation based on our study results about the effects of RF-EMW 
emitted from cell phones kept in pants on sperm quality should be made cau-
tiously considering that this study sought to create an in-vitro simulation model 
and this may not happen physiologically.  

6. Conclusion 

A high level of seminal SOD is protective against the effects of cellular phones 
electromagnetic waves-induced oxidative stress on sperm parameters. Continu-
ous exposure to RF-EMW can lead to a significant reduction in seminal SOD 
concentrations. Although this research was carefully prepared, we were still 
aware of its limitations and shortcomings. Based on the outcome of this research 
through in-vitro, we would recommend that an in-vivo model using Laboratory 
mice or rats be performed and the results compare after the necessary ethical 
clearance have been approved. 
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