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Abstract: The present study has investigated the effects of mobile phone electromagnetic radiation (EMR) on fertility 
in rats. The purpose of this study was to explore the capability of polyphenolic-rich Moringa oleifera leaf extract in 
protecting rat testis against EMR-induced impairments based on evaluation of sperm count, viability, motility, sperm 
cell morphology, anti-oxidants (SOD & CAT), oxidative stress marker, testis tissue histopathology and PCNA immuno-
histochemistry. The sample consisted of sixty male Wistar rats which were divided into four equal groups. The first 
group (the control) received only standard diet while the second group was supplemented daily and for eight weeks 
with 200 mg/kg aqueous extract of Moringa leaves. The third group was exposed to 900 MHz fields for one hour 
a day and for (7) days a week. As for the fourth group, it was exposed to mobile phone radiation and received the 
Moringa extract. The results showed that the EMR treated group exhibited a significantly decrease sperm parame-
ters. Furthermore, concurrent exposure to EMR and treated with MOE significantly enhanced the sperm parameters. 
However, histological results in EMR group showed irregular seminiferous tubules, few spermatogonia, giant multi-
nucleated cells, degenerated spermatozoa and the number of Leydig cells was significantly reduced. PCNA labeling 
indices were significant in EMR group versus the control group. Also, EMR affects spermatogenesis and causes to 
apoptosis due to the heat and other stress-related EMR in testis tissue. This study concludes that chronic exposure 
to EMR marked testicular injury which can be prevented by Moringa oleifera leaf extract. 
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Introduction 

Despite the diversity of habitat and cultures 
around the world, an augment in male infertility 
has been observed in recent decades and 
apparently it constitutes an international phe-
nomenon [1]. The true incidence of male infer-
tility is unknown due to the enormous variability 
in infertility extensiveness. However, in 30-50% 
of sub-fertile couples the male partner has 
sub-optimal semen liquid quality, either 
because of poorly motile sperm, low sperm 
count or sperm with abnormal size and shape 
(morphology). In more than 50% of infertility 
cases in male, the etiology remains unknown 
and the infertility is classified as idiopathic. 
Evaluation of male infertility must go far beyond 
a simple analysis of semen which has to be 

complemented with a comprehensive history 
and physical examination as well as relevant 
genetic, endocrine and other investigations. 
The testis comprises two distinct compart-
ments, the seminiferous tubules (the spermato-
genesis site) and the Leydig cells (the testoster-
one source). The process of sperms production 
is regulated by genes located on the Y chromo-
some and takes approximately (70) days to 
complete starting from the spermatocyte stage. 
Furthermore, 12-21 days are required for the 
transport of sperm from the testis through the 
epididymis to the ejaculatory duct. During pas-
sage through the epididymis, sperms mature 
further to develop the capacity for sustained 
motility. The long time required for sperm devel-
opment and transit implies that the results of a 
semen analysis reflect conditions existing many 



Radioprotective effects of Moringa oleifera on infertility in rats

12488 Int J Clin Exp Med 2015;8(8):12487-12497

weeks earlier. Semen includes secretions con-
tributed by the prostate, the seminal vesicles 
and the distal vas deferens [2]. 

It has long been suggested that the major 
cause of male infertility may be attributed to 
oxidative stress and the factors that are capa-
ble of compromising it by inducing the same in 
the testicular tissue are ionizing radiation, 
occupational toxins, altered atmospheric cir-
cumstances as well as many infectious condi-
tions, oxygen metabolism, inflammation and 
life style stress [3]. 

With the increase in the use of electromagnetic 
wave techniques, the biological effects of elec-
tromagnetic pulses (EMPs) have come into 
focus. Environmental, occupational and acci-
dental exposure to electromagnetic radiation 
(EMR) affect human health; in particular, its 
effect on the genital system and the mecha-
nisms underlying this have been the topic of 
research [4]. The incidence of infertility among 

men exposed to electromagnetic waves has 
shown a gradual increase over recent years. 
Also, the reproductive value of male subjects 
working in high voltage electric stations, mobile 
communication base stations and other elec-
tromagnetic environments has significantly 
decreased [5]. The rapid growth of mobile com-
munication has been accompanied by an 
increase in radiofrequency (RF) electromagnet-
ic radiation (EMR) [6]. Consequently, public-
concerns have been elevated by the possible 
hazardous health effect of exposure to RF-EMR 
emitted from mobile telephones. Many studies 
have suggested that mobile phone use is a risk 
factor of brain tumors [7]. Although evidence 
from human studies and animal studies is lim-
ited, the International Agency for Research on 
Cancer (IARC) classifies RF-EMR as “possibly 
carcinogenic to humans being” [8].

Herbal drugs offer an alternative to the synthet-
ic compounds and have been considered either 
nontoxic or toxic. This has given driving force to 

Figure 1. Possible pathways between central nervous system (CNS) and testis for the mechanism of damage caused 
to spermatozoa by electromagnetic waves (EMW) emitted from cell phones [10].
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screen for their radio-protective ability. Herbal 
plants and products represent important 
source of natural anti-oxidants and they have 
been used, in several traditional systems of 
medicine, for thousands of years for treating 
various ailments (including infertility) all over 
the world [9]. Figure 1 represents the mobile 
phone exposure effects on human male fertility 
pattern by affecting spermatogenesis and hor-
monal level [10].

Moringa oleifera (MO) Lam (Family: Morin- 
gaceae) is a highly valued plant in tropical and 
subtropical countries where it is mostly culti-
vated. The leaves are highly nutritious, being a 
good source of β-carotene, riboflavin, nicotinic 
acid, folic acid, pyridoxine, protein, vitamins A, 
B, C and E, amino acids, various phenolic com-
pounds and minerals [11]. MO leaves are highly 
nutritious, being a significant source of sterols, 
alkaloids, glycosides, phenolic and flavonoids 
[12]. Almost all the parts of these plants have 
been used for various ailments in the indige-
nous medicine of South Asia, including the 
treatment of inflammation and infectious dis-
eases along with gastrointestinal cardiovascu-
lar, hematological and hepatorenal disorders 
[13]. Moringa Oleifera has anti-inflammatory, 
anti-tumor, cholesterol lowering, anti-hyperten-
sive, anti-diabetic, anti-oxidant and hepatopro-
tective effects [14]. Leaves of Moringa Oleifera 
have been reported to regulate thyroid status 
and possess radio-protective effect. The plant 
has also been reported to be hepatoprotective 
against anti-tubercular drug and acetamino-
phen [15, 16]. Therefore, the objective of this 
study is to evaluate the possible protective 
effect of aqueous extract of Moringa Oleifera 
against testis damage induced by mobile phone 
electromagnetic radiation in rats.

Materials and methods

The subjects of this research were sixty, two-
month-old male Sprague-Dawley rats, weighing 
150-180 g. These rats were kept in an air-con-
ditioned room (20-25°C) and subjected to a 
12/12 h day light/darkness cycle with free 
access to food and water. All the ethical proto-
cols and guidelines for animal handling and 
treatment were followed and supervised by the 
animal facilities, Faculty of Science, Princess 
Nourah bint Abdulrahman University in compli-
ance with the national standards published in 

the Guide for the Care and Use of Laboratory 
Animals.

The rats were divided into four equal groups; 
15 rats each group. The 1st group (the control 
group) received only standard diet. The 2nd 
group was supplemented daily and for eight 
weeks with 200 mg/kg aqueous extract of MO 
leaves [17]. The 3rd group was exposed to 900 
MHz continuous RF/MW fields for one hour 
every day and for 7 days a week. The 4th group 
was exposed to mobile phone electromagnetic 
radiation and received the Moringa Oleifera 
extract.

All animals in control and experimental groups 
were housed collectively in polycarbonate 
cages 30 × 40 × 40 cm (W × L × H). The experi-
mental group was continually exposed to EMR 
from mobile phone. The radiation of microwave 
was manufactured by a mobile test phone 
(model NOKIA 3110; Nokia Mobile Phones 
Ltd.). A 900 MHz EMR near-field signal for GSM 
(Mobile communication at 900 MHz for Global 
System, continuous wave, analog phone) sys-
tem was used. The mobile phone was located 
in the cage center, while the distance between 
mobile phone from the bottom of cage was 3 
cm and maximal distance from the cage cor-
ners was 28.2 cm [18].

Semen parameters 

The semen characteristics such as sperm mor-
phology and sperm count were analyzed using 
the following procedures: The animals were 
sacrificed by using CO2 inhalation then the 
cauda epididymides (both left and right) were 
taken out. The cauda epididymides were nicked 
in several places using a scalpel blade in such 
a way that it extends into but not through the 
lumen of the duct and blood vessels are avoid-
ed. The tubule segment was immersed in 10 
mL of PBS buffer facilitating dispersion into the 
buffer which was maintained at 37ºC. The seg-
ment was allowed to disperse for 40 min. After 
40 min, 10 µL of each sample was loaded into 
a clean glass slide and the smear was carried 
out. Then, it was dipped in methanol and 
allowed to dry and it proceeded with H & E 
staining for alive or dead sperms. Sperm mor-
phology was analyzed under light microscopy 
for abnormalities. As for sperm count, 2 mL of 
PBS was added to 0.5 mL of sample prepared 
as above, mixed gently and maintained for 10 
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minutes at 37°C. 10 µL of prepared sample 
was taken and loaded in the hemocytometer 
and the spermatozoa were counted under a 
light microscope. The final sperm count calcula-
tion was done using the following formula:

Total count (Voiume of one primary square)
(Mean count dilution factor)=

#

The total count number of sperms/g of epididy-
mis was calculated [19]. In order to determine 
the mean, all these procedures for sperm 
count, morphology and motility were repeated 
for both the control and experimental groups.

Anti-oxidants and oxidative stress

CAT enzyme activity in the blood was measured 
using the speed reduction of hydrogen peroxi-
dase [20]. Total SOD activity in the plasma 
samples was determined according to Sun’s 
method [21]. Blood malondialdehyde (MDA) 
was determined by the double heating method 
of Draper and Hadley [22].

Histopathological studies

Preparation of paraffin sections: For histological 
preparations, animals were sacrificed and left 
testis was dissected out. It was cut and instantly 
fixed in 10% neutral buffer formalin for 24 h. 
After fixation, testes tissues were dehydrated in 
ascending series of ethyl alcohol 70%, 80%, 
90% and 96% for half hour each, then in two 
changes of absolute ethyl alcohol for half hour 
each. Tissues were cleared by immersion in 
xylol for twenty minutes (two changes) then 
impregnated in paraplast paraffin (three 

changes) at 60°C for three hours and embedded 
in paraplast wax. Histological sections 4 µm 
thick were prepared using the microtome and 
stained with hematoxylin and eosin [23].

Immunohistochemistry

The selected paraffin blocks for immunohisto-
chemical examination were stained with mono-
clonal antibody PCNA (LabVision, USA, avidin-
biotin peroxidase method). Sections were 
deparaffinized in xylol and rehydrated with 
graded alcohols. PCNA antigen retrieval was 
enhanced using a microwave technique. 
Sections were covered with in 0.01 M Citrate 
buffer (pH 6) and microwaved (Gibson’s oven, 
USA) with full power to boiling, then coMOEd for 
at least 20 min at room temperature. 
Endogenous peroxidase effect was suppressed 
with 10 min. incubation in 3% hydrogen perox-
ide in phosphate buffer saline (PBS, 10 mM 
Na2PO4, 140 mM NaCL, pH 7.2). The sections 
were washed in three changes (2 min each) and 
started the immunostaining protocol. Immuno- 
histochemical staining was performed using 
streptavidin-biotin method by Histostain plus kit 
(Zymed, USA) which contains 10% nonimmune 
serum, secondary antibody (biotinylated) and 
streptavidin-peroxidase.  Sections were washed 
with PBS several times and incubated with 
blocking serum to block the unspecific binding 
which resulted from electrostatic or hydropho-
bic interaction between the antibody and tissue 
contains for 10 min. The removed of excess of 
blocking serum was done, then the histological 
sections covered with primary antibody PCNA, 
in the proper dilution (1:50) for one hour at 
room temperature. The secondary antibody 
was used as a second layer for 10 min, after 
the sections were washed with PBS and strep-
tavidin-peroxidase complex was applied for 10 
min. Sections were washed with PBS and the 
signal of peroxidase was developed in 0.05% 
diaminobenzidine (DAB) and 0.01% hydrogen 
peroxide in Phosphate Buffer Saline (PBS). The 
sections were lightly counter stained in hema-
toxylin before dehydration and mounting with 
per-mount. Negative control slides were per-
formed where substitution of the primary anti-
body by PBS was done with parallel sections. 
Also slides with normal positive reactivity tis-
sues of the antibody (taken from the pamphlet) 
were used in the same run. Nuclear stain was 
seen in brown positive cases of PCNA 
expression.

Figure 2. The Spermatocytes counts × 106 in the con-
trol and experimental groups.
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Scoring for PCNA expressions: Each section 
was counted manually at high power (× 400) 
after identifying at low power (× 100) the repre-
sentative areas with the highest concentration 
of stained cells according to the recommenda-
tion of Cohen et al. [24]. About 1000 cells/slide 
were counted in each of five microscopic fields 
from well-labeled areas to determine the aver-
age of PCNA labeling index (PCNA LI). PCNA LI 
was expressed as the number of labeled cells 
(positive staining) as a percentage of the total 
number of cells counted in each specimen. The 
results are expressed as mean plus or minus 
standard deviation (PCNA LI = Mean + SD).

Statistical analysis

Data were analyzed using a commercially avail-
able statistics software package (SPSS® for 
Windows, v. 9.0, Chicago, USA). Statistical sig-
nificance was determined at the level of P < 
0.05 using the Student’s t test.

Results 

This study investigated the effects of EMR on 
testes of rats. At the end of the study it was 
observed that the testicular effect was predom-
inant. The decrease of epididymal sperm 
counts in the 3rd group and was found to be sta-
tistically significant in comparison with the con-
trol group (P < 0.001). The results of epididymal 
sperm counts in all groups are shown in Figure 
2. The sperm count was 220.1 + 24.9, 223.5 + 
26.1, 80.3 + 18. 3 and 182.7 + 28.3 in control, 
MOE, EMR and MOE + EMR groups respec- 
tively.

EMR exposures led to significant increase in 
the types of abnormal sperm cells observed 
which were pyriform  head, detached head, 
coiled  tail, and multiple abnormalities, where 
the highest numbers were 3.43 ± 0.89, 4.6 ± 

the frequency percentage of dead spermatozoa 
was significantly (P < 0.001) increased in the 
EMR exposed animals and amelioration was in 
EMR + MOE group, when compared with the 
control animals. The results presented in Figure 
3 show the comparison between the measured 
values for gross motility and life to death ratio 
respectively. 

Table 2 shows the effects of EMR exposure for 
8 weeks on plasma lipid peroxidation 
(Malondialdehyde). The results showed a sig-
nificant increase in lipid peroxidation (MDA, P < 
0.003) compared with the control group, where 
in case of animals which were exposed to EMR 
and treatment with MOE the results showed 
decrease in lipid peroxidation (MDA) similar to 
the control group. The catalase (CAT) and 
superoxide dismutase (SOD) capacity decreas- 
ed significantly (P < 0.031 and P < 0.001, 
respectively) in animals that were exposed to 
EMR for 8 weeks when compared with control 
group. Also, there was an improvement of MDA, 
CAT and SOD in animals treated with MOE when 
compared with animals in the control group. 

Light microscopic results of testis

Examination of hematoxylin & eosin stained 
sections of control testes (Group I) showed 
many seminiferous tubules and interstitial tis-
sue in-between containing clusters of Leydig 
cells with their vesicular nuclei and vacuolated 
acidophilic cytoplasm. Tubules were surround-
ed by well-defined basement membrane which 
was lined by a stratified epithelium consisted of 
Sertoli cells and spermatogenic cells. Sertoli 
cells were known from their large ovoid and 
vesicular nuclei distributed at intervals between 
spermatogenic cells. Spermatogenic cells 
included spermatogonia, primary spermato-
cytes, followed by early spermatids, late sper-

Table 1. The sperm abnormalities in the control and experimental 
groups (mean ± SD)

Groups 
Sperm abnormalities%

Pyriform head Detached head Coiled tail Multiple
Control 0.9 ± 0.03 0.9 ± 0.35 4.50 ± 0.45 0.63 ± 0.15
MOE 0.8 ± 0.02 0.7 ± 0.22 4.10 ± 0.30 0.50 ± 0.09
EMR 3.43 ± 0.89* 4.6 ± 0.59* 14.8 ± 1.99* 2.99 ± 3.01*
EMR + MOE 1.1 ± 0.32 1.3 ± 0.98 6.99 ± 1.27* 1.3 ± 0.88
P ≤ 0.05 is considered significant, P > 0.05 is considered non-significant. *Signifi-
cant.

0.59, 14.8 ± 1.99 and 2.99 ± 
3.01 respectively in the group 
exposed to EMR as shown in 
Table 1. The results of live to 
death ratio in the smear test 
showed that the sperm with 
highest ratio obtained in the 
control group while the lowest 
ratio was obtained in the 
group exposed to EMR. The 
sperm motility was signifi-
cantly decreased, whereas 
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matids and finally spermatozoa which were 
seen in the lumen of the tubules (Figure 4A). 
Also the histopathological of the 2nd group, 
which received MOE, showed seminiferous 
tubules lined by spermatogonia resting on 
basement membrane, followed by early sper-
matids and finally late spermatids. The lumen 
of tubules contained spermatozoa. Leydig cells 
appeared in interstitial tissue near blood ves-
sels in-between tubules. They appeared almost 
nearly similar to those of the 1st group (Figure 
4B). 

But the histopathological stained sections of 
the 3rd group (EMR) showed irregular seminifer-
ous tubules. Most of these tubules were deplet-
ed from their spermatogenic cells. They were 
lined by Sertoli cells, few spermatogonia and 
few primary spermatocytes with dark con-
densed nuclei. Giant multinucleated cells were 
seen inside the seminiferous tubules. Also, 
some degenerated spermatocytes could be 
detected in the lumen of the seminiferous 

PCNA immunohistochemical results

Mitotic activity of germ cells was evaluated by 
determining proliferating cell nuclear antigen 
(PCNA) and its labeling index (LI). The positive 
productions were brown granules located at 
the nuclear of spermatogonia and part of sper-
matocytes, where PCNA-positive cells were 
strongly detected in the spermatogonia and 
early-stage spermatocytes of the control and 
MOE treated rats (Figure 5A, 5B respectively). 
The positive expression of PCNA in seminifer-
ous epithelium in experimental rats significant-
ly decreased after EMR exposure (Figure 5C), 
the positive cells in every seminiferous in which 
only spermatogenous cells were stained were 
58.9 ± 4.5, it was significant compared with 
that of the control animals’ group (82.1 ± 5.6) 
(P < 0.05). The percentage of PCNA-positive 
cells in regenerated tubules was markedly 
increased in case of EMR exposure animals 
treated with MOE group (Figure 5D). The PCNA 
labeling indices were shown in Table 3.

Figure 3. The motility of spermatocytes percentage (Above) and the sperm life/death ratio percentage (Bottom) in 
the control and experimental groups.

Table 2. The Malondialdehyde, Catalase and Superoxide 
dismutase concentrations in the control and experimen-
tal groups (mean ± SD)

Animal groups
Oxidative stress Anti-oxidants
MDA (nmole/ml) CAT (IU) SOD (IU)

Control 10.5 ± 0.17 17.02 ± 0.35 11.66 ± 0.17
MOE 9.1 ± 0.19 18.01 ± 0.4 12.05 ± 0.14 
EMR 24.9 ± 3.5* 8.09 ± 0.5* 8.08 ± 0.16* 
EMR + MOE 12.9 ± 1.08 13.09 ± 0.3 10.34 ± 0.19 
P ≤ 0.05 is considered significant, P > 0.05 is considered non-signifi-
cant. *Significant.

tubules. The extended interstitial tissue 
seemed vacuolated with exudation and 
congested blood vessels (Figure 4C-E). 
Furthermore, the examination of stained 
sections of the 4th group (MOE + EMR) 
showed that the seminiferous tubules 
were lined by several layers of spermato-
genic cells. Sertoli cells and Spermato- 
gonia were seen resting on the base-
ment membrane followed by primary 
spermatocytes, early and late sperma-
tids nearly similar to the control group 
(Figure 4F).
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Discussion 

Most men of reproductive age in high or mid-
dle-income countries own mobile phones. 
Along with this increase in ownership of mobile 
phone, there is egoism over the vital effects of 

mobile phone exposure on human health. 
Mobile telephones emit electromagnetic radia-
tion (EMR), a low-level radiofrequency (RF), at a 
frequency of between 800 and 2200 MHz [25], 
which the human body can absorb. Mobile 
phones are legally limited to a specific absorp-

Figure 4. Micrograph of transverse section of testis of (A) control rats showed normal seminiferous tubule. The 
seminiferous tubule has well-developed basement membrane (BM), blood vessel (BV), numerous sertoli cells, sper-
matogonium, and spermatocytes in the lumen (L) of the tubule. (H&E × 200). (B) Rats injected with MOE, showed 
normal arrangement of seminiferous tubules which have numerous sertoli cells (SC), interstial Leydig cells (ILC) and 
different stages of the spermatocytes (H&E × 400). (C-E) Testes of rats treated with EMR, showed destructed semi-
niferous tubules associated with degenerated spermatogonic cells, giant cells (GC), congested blood vessel (CBV), 
absent interstitial leyding cells and free tubule lumen (L) spermatocytes (H&E × 400). (F) Testis of rats treated with 
EMR and MOE for 8 weeks showed the normal arrangement of seminiferous tubule cells which have numerous cells 
sertoli spermatogonium, spermatocytes (H&E × 400).
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tion rate (SAR) of 2.0 W/kg [26], and currently, 
most have a SAR of ~ 1.4 W/kg [25]. At this low 
frequency of EMR is not likely to ionize atoms or 
molecules [27]. Mobile phones and other elec-
tromagnetic devices that emit RF-EMR radia-
tion are detrimental to human fertility [28].

Moringa oleifera micronutrients contain anti-
tumor, anti-epileptic, anti-diuretic, anti-inflam-
matory and venomous bite characters. Moringa 
Oleifera extract (MOE) contains specific plant 
pigments with demonstrated powerful anti-oxi-
dative ability such as vitamins C, E, A, caf-
feoylquinic acids, carotenoids-lutein, alpha-car-
otene and beta carotene, kaempferol, querce-
tin, rutin [29, 30]. In the present study, MOE 
was used as anti-electromagnetic radiation 
induced infertility in rats.

Results of the present study showed that long-
term use of GSM mobile phone can cause 

hypospermatogenesis and maturation arrest in 
spermatozoa in the testes of rats compared to 
their matched control. At high intensities, RF 
radiation has heating properties leading to 
thermal effects, increase in tissue or body tem-
perature on exposure to EMR can cause revers-
ible disruption of spermatogenesis [31]. Wang 
et al. [32] suggested that Leydig cells are 
among the most susceptible cells to EMR and 
injury to these cells may affect the spermato-
genesis and its parameters. As Leydig cells pro-
duce spermatozoa and if the Leydig cells are 
damaged, they ultimately affect the spermato-
genesis. Ozguner et al. [33] demonstrated a 
decrease in seminiferous tubular diameter and 
epithelium thickness after applying a radio-fre-
quency generator of 869-894 MHz. Also, 
Salama et al. [34] conducted a study on the 
effects of exposure to a mobile phone radiation 
on the testicular function and structure in adult 
rabbit. They reported a fall in the sperm con-

Figure 5. Micrograph of  immunohistochemical analysis of paraffin-embedded testis using PCNA showing brown 
nuclear staining (A) control, (B) MOE injected animal group, (C) EMR exposure animal group and (D) EMR exposure 
animal treated with MOE group. Positive staining in spermatogonia (white arrows) and early-stage spermatocytes 
(*). (immunoperoxidase × 250).
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centration appeared in the phone group in the 
6th week and it became statistically significant 
with increased duration of exposure from week 
6 to week 8 compared with the control group. 
Moreover, there was a more significant decline 
in the motile, viability and increase in abnor-
malities sperm population which were in agree-
ment with current study. 

The results of the present study are in line with 
all these findings. Agarwal et al. [35] suggested 
that the use of cell phones is associated with a 
decrease in semen parameters. The decrease 
in the sperm viability, sperm count, motility and 
the morphology of sperms were related to the 
duration of exposure to cell phones. Similarly, 
in the present animal model study, hyposper-
matogenesis and maturation arrest in the sper-
matozoa were found in rats exposed to EMR.

The remarkable reduction in the activities of 
CAT and SOD concomitantly occurred in rats 
exposed to EMR (group 3) indicated that those 
animals suffered from oxidative stress. 
Ahmadpoor et al. [36] announce that oxidative 
stress occurred as a consequence of imbal-
ance between body anti-oxidant capacity and 
reactive oxygen species (ROS). Thus, this 
Phenomenon could happen as a result of 
increased radical oxygen species (ROS) genera-
tion, impaired anti-oxidant defense system or a 
combination of both. SOD and CAT are enzymes 
naturally developed by the mammalian body as 
endogenous anti-oxidant system to deal with 
the intermediates of the reactive oxygen. SOD 
breakdowns the radicals of superoxide anion to 
H2O2 and H2O [37]. CAT catalyses the decompo-
sition of H2O2 to H2O and oxygen [38]. The pres-
ent study found obvious increase in the activi-
ties of SOD and CAT accompanied with a 
decrease in lipid peroxidation (MDA) as identi-
fied by an adduction of thiobarbituric acid reac-
tive substances (TBARS) in the group 4. All 

these findings suggest that MOE is a potent 
anti-oxidant content.

Histological examination showed a decrease in 
the diameter of seminiferous tubules in the 
phone group compared to the control group. 
The findings of this study are compatible with 
Saunders and Kowalczuk’s [39, 40] findings, 
which indicate that due to the primer effect of 
microwave, heat, damages the testicular tis-
sue. Also, reduction in the amount of Leydig 
cells can clarify the damaging effect of the 
magnetic field in Leydig cells. The findings indi-
cate that EMR caused a serious testicular 
degeneration. Furthermore, the current study 
has demonstrated that EMR-induced damage 
of the testis tissue was ameliorated by the 
aqueous extract of leaf MO. This effect is attrib-
uted to its anti-oxidant activity and free radical 
scavenging activity.

PCNA expressed in spermatogonia and early-
phase primary spermatocytes in all stages of 
the seminiferous tubules [41]. The decrease of 
PCNA in testicular germ cells indicates the 
reduction of proliferative activity and spermato-
genesis. In the present study, PCNA-positive 
cells were strongly detected in spermatogonia 
and early-stage spermatocytes of control rats. 
The reduction in these cells is attributed to the 
fact that the differentiation of spermatogonia is 
an especially vulnerable step in the spermato-
genic process. However, the signal density of 
positive cells was significantly lower in the EMR 
exposure group than in the control animals’ 
group. Also, a rise in the expression of PCNA in 
testis tissues was in the MOE-treated EMR 
group. Futhermore, in the EMR exposed rats, 
the PCNA index was decreased [42]. This obser-
vation is in agreement with Weiss and Landauer 
study [43]. As the MOE is rich with anti-oxi-
dants, these anti-oxidants may interfere with 
the initial mediation of apoptosis by ROS [44], 
as well as later membrane lipid peroxidation, 
which is a characteristic of radiation-induced 
apoptosis [45]. Central issues involve whether 
radiation-induced apoptosis can be promoted 
by some anti-oxidants in tumors but not in nor-
mal tissue, and when it is useful to protect nor-
mal cells apoptosis against radiation. Protection 
against damaged cells apoptosis is also rele-
vant to chemoprevention strategies in popula-
tions exposed to environmental radiation, as 
well as in radiotherapy planning [43].

Table 3. The PCNA labeling index (LI) in the 
control and experimental groups (mean ± SD)
Groups PCNA LI (%) P value
Control 82.1 ± 5.6 --
MOE 83.5 ± 6.1 --
EMR 58.9 ± 4.5 0.011
EMR + MOE 68.9 ± 4.7 0.043
P ≤ 0.05 is considered significant, P > 0.05 is considered 
non-significant.
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Conclusion

This study indicates that EMR attenuated-relat-
ed testicular dysfunction and histopathological 
change. MOE renewed the activities of the anti-
oxidant enzymes, downregulated the levels of 
ROS and increased PCNA activity in the testis 
of EMR exposed. MO consequently improved 
EMR-induced oxidative DNA damage and apop-
tosis in the testes of rats. The long-term expo-
sure to mobile phone radiation can cause hypo-
spermatogenesis and maturation arrest of 
spermatozoa in the testes of rats. However, 
Moringa Oleifera leaf extract had a protective 
effect against the infertility-induced by EMR 
which was manifested by the improvement in 
sperm parameters of rats treated with EMR 
and Moringa Oleifera leaf extract.
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