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ABSTRACT

Introduction: With increasing the use of cell phones, the interest of examining the hazards that could affect health of people,
which may or may not lead to cancer, infertility, or birth defects, was elevated. Recently, a natural flavonoid compound,
Naringenin (NG) had received considerable attention as an antioxidant.

Aim of the work: Evaluating the effects of mobile phone use on the testes of adult rats, the progress of spontaneous recovery
and the protective role of NG supplementation against these effects.

Materials and Methods: Twenty-four adult male albino rats were equally divided into four groups; control (I), (II) mobile,
(IIT) mobile-NG and (IV) recovery. Mobile group exposed to 900 MHz continuous RF-EMW emitted by talk mode for one
hour daily for 8 weeks. Mobile-NG group exposed to RF-EMW like group III for 8§ weeks concomitant with NG treatment
50 mg/kg /day orally. While recovery group exposed to the same RF-EMW for 8 weeks then kept unexposed for another 8
weeks for recovery. Serum levels of testosterone hormone, epididymal sperm counts and testicular malondialdehyde (MDA)
level were measured. Testicular sections were stained with H&E and immunohistochemical stains for PCNA, p53, CX43 and
AR, that were subjected to morphometric and statistically analysis.

Results: Deterioration of histological architecture of testes and biochemical and morphometric parameters were

recorded in mobile group. However, preservation of the testicular histological structure and restoration of the normal
biochemical and morphometric parameters were obvious in group IV. On the other hand, the recovery group showed
incomplete improvement where some testicular affection was noted.

Conclusion: Mobile phones might have injurious effects on testes that partially recovered after stoppage of exposure to
EMW. However, NG co-administration was protective.

Received: 31 October 2017, Accepted: 11 December 2017

Key Words: AR, CX43, mobile phone, naringenin, PCNA, p53, rat, testis.

Corresponding Author: Marwa Mohamed Yousry, Department of Histology, Faculty of Medicine, Cairo University, Cairo,
Egypt, Tel.: +201006763862, E-mail: marwa.yousry@kasralainy.edu.eg

ISSN: 1110-0559, Vol. 41, No.1

INTRODUCTION

In Egypt, the mobile penetration rate exceeds 112%.
This means that almost each Egyptian citizen posses
a mobile device!'!. Mobile phones operate between
800 - 2200 MHz frequency bands emit radiofrequency
electromagnetic waves (RF-EMWs). Human bodies act as
antennas that absorb the radiation convert it into alternating
cross-current!?!. The adverse effects of RF- EMWs on heart,
blood pressure, brain and endocrine system were widely
reported?]. Usage of mobile phones is also associated with
many health problems like neck pain, earache, tinnitus,
morning tiredness, headache, fatigue, painful fingers, eye
symptoms, and restlessness sleep disturbancel.

The use of mobile phones is more common in young
middle aged males who usually carry them in their pockets,
close to the scrotal area. This raised the public concerns
about interaction of mobile phone emitted electromagnetic
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waves (EMWs) with the male reproductive organs,
especially testes!> ©,

Naringenin  (NG; 4, 5, 7-trihydroxyflavone) a
glycine form of naringin, is a type of natural flavonoid
compound”. It widely exists in a variety of fruits such as
grapefruit, citrus fruits, tomatoes, cherries and cocoa®. One-
half orange and one-half mandarin provide 30 mg of NGP..
Naringenin has wide range of biological pharmacological
activities as anti-inflammatory!'®, anticancer'!, anti-
atherogenicl? and antioxidant™. It has also been
reported to be hepatoprotective!'¥, cardioprotective!' and
renoprotectivel'?l.  Recently, NG protective effect
against testicular toxicity induced by cisplatin
(chemotherapeutic)!'”! and permethrin (insecticide) was
investigated™®.

Thus, this study aimed to investigate the effect of
mobile phone use on the adult rat’s testes, examine the
recovery response after stoppage of exposure and evaluate
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the efficacy of NG supplementation in protecting this effect
using serological, histological and immunohistochemical
methods.

MATERIALS AND METHODS

1) Animals:

Twenty-four adult male albino rats (180 - 200 grams,
12 weeks old) were used in this study. Animal care was
provided by laboratory animal house unit of Kasr Al-Ainy,
Faculty of Medicine, Cairo University. Rats were provided
with ordinary rat chow, bred at controlled temperature
(24 £ 1°C), with normal light-dark cycle. All animals were
kept under the same environmental conditions and had free
access to water and food.

1I) Experimental design:

Rats were randomly divided into four groups, 6 rats
each:
* Control group (group I): subdivided equally into:
- Subgroup Ia: rats exposed to mobile without battery for
8 weeks.
- Subgroup Ib: rats exposed to mobile without battery
simultaneously with administration of corn oil (0.5 ml/day)
(NG solvent) for 8 weeks.
- Subgroup Ic: rats exposed to mobile without battery for 8
weeks then kept unexposed for another 8 weeks.
* Mobile group (group II): rats exposed to 900 MHz
continuous RF-EMWs fields emitted by talk mode for one
hour every day for 8 weeks!"”.
* Mobile-NG group (group III): rats exposed to mobile
phone RF-EMWs similar to group II for 8 weeks
concomitant with NG treatment (50 mg/kg /day) dissolved
in 0.5 ml corn oil orally once daily through gastric gavage
for 8 weeks!'®l. Naringenin was supplied as a powder
(CAS No. 67604-48-2) (Sigma-Aldrich, St. Louis, MO,
United States).
* Recovery group (group IV): rats exposed to the same RF-
EMWs as in group II for 8 weeks then kept unexposed for
another 8 weeks for recovery.

II1) Experimental procedure:
1- Mobile phone RF-EMWs exposure:

Animals of control and experimental groups were
housed in polycarbonate cages measured 30 x 40 x 40
cm (W x L x H). Only rats in groups II, III and IV were
continually exposed to RF-EMWs emitted by talk mode
for one hour from mobile test phones (model NOKIA
3110; Nokia Mobile Phones Ltd.). The frequency of the
phone used was 900 MHz, pulsed at GSM (global system
for mobile). The mobile phone was situated in the center
of the cage at a distance 3 cm between mobile phone and
cage floor!™”,

2- Biochemical investigation:

At the end of the experiment, the following
investigations were done at Biochemistry Department,
Faculty of Medicine, Cairo University:

* Tail vein blood samples were collected in heparinized
capillary tubes, for measurement of serum levels of
testosterone hormone (TH) by radioimmunoassay using
commercial kit from Diagnostic Products Co. (Los
Angeles, CA, USA).

* Animals from all groups were then sacrificed under
anaesthesia by intraperitoneal injection of ketamine
(90 mg/kg)/xylazine (15 mg/kg)>".

» For measurement of total sperms count, both right and
left cauda epididymides were dissected. One cm incision
was done to release all sperms in collection vial containing
5ml bovine serum albumin (BSA)-Hanks solution. Then,
this fluid was filtered through a nylon mesh sieve and
diluted with formalinized saline (0.1 ml of filtrate in 1.9
ml saline). Epididymal sperm counts were done using
the hemocytometer. The measured sperm number was
multiplied by the dilution factor to yield the total sperm
count??!J,

* For measurement of malondialdehyde (MDA) level,
lipid peroxidation indicator, (Left testes specimens were
dissected and homogenized in ten volumes of ice-cold
medium of 50 mM Tris-HCI (pH 7.4). The homogenate
was incubated with 1 mL of 10% trichloroacetic acid and 1
mL of 0.67% thiobarbituric acid at 100 C for 30 min. The
MDA level was measured by using colorimetric assay kits
(Biodiagnostic, Giza, Egypt)©2.

3- Light microscopic studies:

Right testes specimens were fixed in Bouin’s solution
and embedded in Paraffin. Serial sections were cut at a
thickness of 6 um and thereafter, stained with:

* Hematoxylin and Eosin stain(?*,
* Immunohistochemical staining:

1. PCNA, a marker for proliferating cells, is a rabbit
polyclonal antibody (catalogue number ab15497, abcam,
Cambridge, UK).

2. p53, a marker for apoptosis, is a rabbit polyclonal
antibody  (catalogue number abl131442, abcam,
Cambridge, UK).

3. Connexin43 (CX43), the predominant gap junction
protein in testes [24]: It is a rabbit polyclonal antibody (cat
number ab11370, abcam, Cambridge, UK).

4. Androgen receptor (AR) that mediates the action of TH
in testes!®!: It is a rabbit polyclonal antibody (catalogue
number ab74272, abcam, Cambridge, UK).

Immunostaining required pretreatment by boiling for
10 minutes in 10Mm citrate buffer (cat number AP 9003)
pH 6 for antigen retrieval and leaving the sections to cool
in room temperature for 20 minutes. Then, these sections
were incubated for one hour with the primary antibodies.
Immunostaining was completed by the use of Ultravision
detection system (cat number TP - 015- HD).

Counterstaining was done using Mayer's hematoxylin
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(catalogue number TA- 060- MH) [26]. Citrate buffer,
Ultravision detection system and Mayer's hematoxylin
were purchased from Lab Vision Thermo Scientific
(Fremont, California, USA).

4- Morphometric study
It included measurement of the following parameters:

* Mean number of PCNA immunopositive cells at a
magnification of x100.

* Mean number of p53 immunopositive spermatogenic
cells at a magnification of x100.

* Mean number of p53 immunopositive Leydig cells at
a magnification of x100.

* Mean area percent of immunopositive reaction of
CX43 antibody at a magnification of x100.

* Mean number of AR immunopositive Leydig cells at
a magnification of x100.

* Mean height of spermatogenic epithelium that was
measured in H&E-stained sections at a magnification of x
100. For each seminiferous tubule (ST), four measurements
were done in 4 quadrants to obtain its mean.

* Mean diagonal diameter of the nearly rounded STs that
was measured in H&E-stained sections at magnification
% 100. For each ST two measurements were done to obtain
its mean.

All measurements were done in 10 non overlapping
fields from different sections of each group. Image analysis
was done using Leica Qwin 500 LTD software image
analysis computer system (Cambridge, England) present
at the Histology Department, Faculty of Medicine, Cairo
University.

5- Statistical analysis:

The morphometric and biochemical measurements
were expressed as mean =+ standard deviation (SD) and
were analyzed statistically using one-way analysis of
variance ANOVA, followed by “Tuckey” post hoc test.
Results were considered significant when P value was <
0.05. Calculations were made on SPSS software (version
21.0. Armonk, NY, IBM Crop)?7.

RESULTS

General observation
No deaths were observed in rats during the experiment.

All control subgroups showed similar biochemical
and histological results so, they were collectively named
control group.

Biochemical results and statistical analysis (Table 1)

At day 0 of the experiment there was non-significant
difference between all studied groups regarding testicular
MDA, serum testosterone hormone (TH) level and
epididymal sperm count. At the end of the experiment,

mobile and recovery groups showed significant increase in
testicular MDA and significant decrease in serum TH level
and epididymal sperm count compared to control group
(p<0.05). On the other hand, mobile-NG group expressed
significant decrease in testicular MDA and significant
increase in serum TH level and epididymal sperm count
compared to mobile and recovery groups (p<0.05)
and non-significant difference versus control group.
Additionally recovery group recorded non-significant
difference compared to mobile group.

Light microscopic results
* Hematoxylin and eosin stain:

Testicular sections of the control group revealed
closely packed seminiferous tubules (STs) with normal
histological structure lined by spermatogenic cells and
Sertoli cells. Spermatogenic cells included spermatogonia,
primary spermatocytes, spermatids and spermatozoa.
Spermatogonia appeared as small rounded cells with
rounded nuclei resting on regular basement membrane.
Primary spermatocytes were the largest spherical cells
that had large rounded nuclei with partially condensed
chromosomes. Spermatids appeared as small round
cells with pale rounded nuclei and prominent nucleoli.
Spermatozoa with deeply stained heads were also observed
near the lumen of the tubules. Flattened, smooth muscle-
like myoid cells were found external to the basal lamina of
the ST. Sertoli cells appeared as tall cells lodged between
spermatogenic cells with triangular vesicular nuclei and
prominent nucleoli. The interstitial tissue between the STs
showed blood vessels and interstitial cells of Leydig, that
appeared as large polygonal cells with vesicular nuclei
and acidophilic cytoplasm contained small lipid droplets
(Figs. 1A-1C).

In group II, examination of testicular sections
demonstrated distorted histological architecture of some
STs with widening of interstitial spaces. Some STs
showed irregular basement membranes and detached
spermatogenic cells leaving empty spaces. Apoptotic
changes in the form of pyknotic or irregular darkly stained
nuclei and deeply acidophilic cytoplasm were observed in
most of spermatogenic cells. Other spermatogenic cells
showed cytoplasmic vacuolation. In addition, some STs
showed sloughed germ cells, homogenous acidophilic
material and multinucleated giant cells. Interstitial tissue
contained congested blood vessels and most of Leydig
cells appeared with darkly stained nuclei (Figs. 2A-2D).

Regarding group III, testicular sections showed
apparently normal packed STs lined by several layers of
spermatogenic cells and Sertoli cells resting on regular
basement membranes surrounded by myoid cells with
flattened nuclei. Few empty spaces were still seen among
spermatogenic epithelium. Interstitial spaces showed
blood vessels and polygonal Leydig cells with pale nuclei
and acidophilic vacuolated cytoplasm. However, few cells
with darkly stained nuclei were observed (Figs. 3A-3C).

Testicular sections of recovery group recorded
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incomplete improvement where some apparently packed
STs showed partial loss of spermatogenic cells. Some
spermatogenic cells appeared with pyknotic nuclei and/or
acidophilic cytoplasm either resting on regular or irregular
basement membrane or detached leaving empty spaces.
Other STs were still containing multinucleated giant cells.
The interstitial tissue contained congested blood vessels
and Leydig cells with pale or dark nuclei (Figs. 4A-4C).

Immunohistochemical results

Immunohistochemical staining for PCNA:

Examination of testicular sections of the control group
and group III revealed PCNA positive immunoreaction
that appeared as brown nuclear deposits in spermatogonia
and primary spermatocytes. On the other hand, testicular
sections of group II and group IV showed few positive
immunoreactive spermatogonia and primary spermatocytes
(Figs. SA-5D).

Immunohistochemical staining for p53:

Sections of control group and group III stained with
anti p53 showed positive brown nuclear immunoreaction
in few spermatogenic cells and Leydig cells as well.
However, those of group II showed many immunoreactive
spermatogenic and Leydig cells as compared to the control.
Regarding group IV, some positive immunoreactive
spermatogenic and Leydig cells were observed
(Figs. 6A-6D).

Immunohistochemical staining for CX43:

Sections of groups I and III stained with anti CX43
revealed positive immunoreaction in cell processes and
cytoplasm of Sertoli cells as well as in Leydig cells. While,
anti CX43 stained sections in group II and recovery group
showed scanty immunoreactivity (Figs. 7A-7D).

Immunohistochemical staining for AR:

Testicular sections stained with anti-AR of different
groups, revealed positive nuclear immunoreaction in
Leydig, Sertoli and myoid cells. This reaction appeared in
many Leydig cells of groups I and III. While in groups II
and IV, some positive immunoreactive Leydig cells were
noted (Figs. 8A-8D).

Morphometric results (Table 2)

The mean diagonal diameter of STs, height of
spermatogenic epithelium, mean number of PCNA positive
cells and AR immunopositive Leydig cells and mean
area percent of CX43 positive immunoreaction showed a
significant decrease in groups Il and IV compared to control
(p<0.05). As regards the mean number of p53 positive
spermatogenic and Leydig cells, groups II and IV showed
significant increase. However, After 8§ weeks of treatment
with NG (group III), a significant decrease in the mean
number of p53 positive cells and a significant increase in
all other parameters were encountered compared to groups
IT and IV. Non-significant difference in all morphometric
parameters was recorded in group III versus group I and in
recovery group versus mobile group.

Table 1: Mean value + SD of biochemical parameters in all studied groups:

Parameters Group I Group II

Group III Group IV

Mean value of testicular 1.71+0.42
MDA (nmoL/mg tissue)

Mean number of sperms 1556.4+28.7
(number in millions/ml)

Mean value of serum 2.7+0.17
testosterone (ng/mL)

9.8+0.79*

721.58+11.3%*

0.92+0.09*

2. 69+0. 25 8.8+1.9*
1457.5+168.3

768.1+89.2*

2.12+0.72 1.5+0.712*

* Significant (p < 0.05) as compared to groups I and III.
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Table 2: Mean value + SD of morphometric parameters in all studied groups:

Parameters Group [ Group II Group III Group IV
Mean diagonal diameter of ST in um 391.242.8 200.3+8.7* 379.6+13.24 212.8+18.4*
Mean height of spermatogenic epithelium 159.1+£3.7 74.6+2.3% 146.4+13.4 84.9+16.4*
in pm

Mean number of PCNA positive cells 39.6+2.4 17.8+£3.2%* 33.9+8.2 20.9+4.5%
Mean number of p53 positive spermatogenic  9.9+2.3 23.8+2.8% 11.2+2.65 19.6+5.7*
cells

Mean number of p53 positive Leydig cells  2.9+0.73 6.8+1.3*% 4.1+0.9 5.6+1.2%
Mean area percent of CX43 6.01+0.44 2.34+0.12%* 5.3+0.7 3.03+0.8%*
Mean number of AR positive Leydig cells ~ 30.8+2.5 11.8+2.09* 26.9+6.6 14.9+3.3*

* Significant (p < 0.05) as compared to groups I and III.

testicular sections

Photomicrograph of control

Fig. 1:
showing: A: Closely packed seminiferous tubules (ST) lined
by spermatogenic cells (SC) and Sertoli cell (curved arrow),
with sperms (arrow with long arrowhead) in their lumens.
Additionally interstitial tissue (I) between the seminiferous
tubules is seen [H&E, x200]. B: Sertoli cell (curved arrow) is
a tall cell lodged between spermatogenic cells with triangular
vesicular nucleus and prominent nucleolus also spermatogonium
(arrowhead) resting on regular basement membrane (bifid arrow)
appears as small rounded cell with rounded nucleus. Primary
spermatocyte (thick arrow), the largest spherical cell having
large rounded nuclei with partially condensed chromosomes is
observed. Spermatid (thin arrow), small round cell shows pale
rounded nucleus and prominent nucleolus. Sperms (arrow with
long arrowhead) with deeply stained heads are also seen near
the lumen of the tubules. External to the basal lamina of the
ST, flattened myoid cell (zigzag arrow) is found [H&E, x1000].
C: Leydig cells (L1) with vesicular nuclei and acidophilic
vacuolated cytoplasm containing small lipid droplets and part of
a seminiferous tubule (ST) are observed [H&E, x1000].

Fig. 2: Photomicrographs of mobile group testicular sections
illustrating: A: Distorted ST, wide interstitial space (IS), irregular
basement membrane (bifid arrow), detached spermatogenic

cells (SC), empty spaces (E) and multinucleated giant cell
(G) [H&E, x200]. B: Seminiferous tubule (ST) with darkly
stained nuclei of spermatogenic cells (bisected arrowhead),
homogenous acidophilic material (H) and sloughed germ cells
(S) are demonstrated [H&E, x200]. C: Spermatogenic cells
appear with pyknotic or irregular darkly stained nuclei (bisected
arrowheads) and cytoplasmic vacuolation (V). Note the presence
of the empty spaces (E) and Sertoli cell (curved arrow) resting
on irregular basement membrane (bifid arrow) [H&E, x1000]. D:
The interstitial tissue contains congested blood vessels (BV) and
Leydig cells with darkly stained nuclei (L2), and other few ones
with vesicular nuclei (L1) [H&E, x1000].
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Fig. 3: Photomicrographs of mobile-NG group testicular
sections demonstrating: A: Packed ST lined by spermatogenic
cells (SC) and Sertoli cell (curved arrow) with the presence of
interstitial tissue (I) in between ST [H&E, x200]. B: Apparently
normal Spermatogonia (arrowhead), primary spermatocyte
(thick arrow), spermatid (thin arrow), sperm (arrow with long
arrowhead), Sertoli cell (curved arrow) lying on regular basement
membrane (bifid arrow) and myoid cell (zigzag arrow), however
few empty spaces (E) among the spermatogenic epithelium are
observed [H&E, x1000]. C: Leydig cells (L1) show acidophilic
vacuolated cytoplasm and vesicular nuclei and another Leydig
cell (L2) exhibits darkly stained nucleus. Parts of STs are seen
[H&E, x1000].

Fig. 4: Photomicrographs of recovery group testicular sections
showing: A: Apparently packed ST with irregular basement
membrane (bifid arrow), detached spermatogenic cells (SC),
empty spaces (E), multinucleated giant cell (G) and interstitial
tissue (I) between the tubules [H&E, x200]. B: Part of two STs
demonstrating Sertoli cell (curved arrow) resting on regular
basement membrane (bifid arrow), pyknotic spermatogenic cells
(bisected arrowheads) and empty spaces (E) [H&E, x1000].
C: Leydig cells with vesicular nuclei (L1) and others with
darkly stained nuclei (L2) and congested blood vessel (BV) are
illustrated [H&E, x1000].

Fig. 5: Photomicrographs of PCNA immunostained testicular
sections: A: Control group & C: Group III illustrating positive
nuclear immunoreaction in spermatogonia (arrow) and primary
spermatocytes (arrowhead). B: Group II & D: Group IV showing
few positive spermatogonia (arrow) and primary spermatocytes

(arrowhead) [x400].

Fig. 6: Photomicrographs of p53 immunostained testicular
sections: A: Control group & C: Group III demonstrating positive
nuclear immunoreaction in few spermatogenic cells (arrowhead)
and Leydig cell (L). B: Group II showing many positive
immunoreactive spermatogenic cells (arrowheads) and Leydig
cells (L). D: Group IV showing some positive immunoreactive
spermatogenic cells (arrowheads) and Leydig cell (L) [x400].

Fig. 7: Photomicrographs of CX43 immunostained testicular
sections: A: Control group & C: Group III, illustrating positive
immunoreactivity in cytoplasm and processes of Sertoli cells
(arrows) and Leydig cells (curved arrow). B: Group Il & D: Group
IV demonstrating scanty positive immunoreaction in Sertoli cells
(arrow) and Leydig cells (curved arrow) [x400].
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Fig. 8: Photomicrographs of AR immunostained testicular
sections A: Control group & C: Group III illustrating positive
nuclear immunoreaction in many of Leydig cells (L), Sertoli cell
(curved arrow) and myoid cells (zigzag arrow). B: Group II & D:
Group IV showing some positive immunoreactive Leydig cells
(L). Additionally, positive immunoreactive myoid cells (zigzag
arrow) are seen in D [x1000].

DISCUSSION

The evidence for the harmful effects of RF-EMWs on
fertility remains controversial?®®. Several studies declared
that cell phone usage led to decreased male fertility.
Nonetheless, other studies showed no conclusive link
between male infertility and cell phone usage!?!. Therefore,
the first aim of the present study was to evaluate the
consequences of increasing usage of mobile phones on
testes.

The RF-EMWs may affect biological systems by
increasing free radicals, which enhance mainly lipid
peroxidation, and by changing the antioxidant defense
systems of human tissues leading to OS™?),

There's general agreement that, OS was implicated as
one of the main culprit in male infertility®®! and that EMWs
can intensify the generation of OS and cause an imbalance
between the production of reactive oxygen species (ROS)
and their antioxidant defense system?®. This could be
enforced in the present work by the detection of the highest
concentration of MDA in testicular tissues of group II.

The MDA is one of the most popular and reliable
markers that determine OS in clinical situations®'. It
is produced by peroxidation of polyunsaturated fatty
acids (PUFA). So, increased MDA level is considered
as an important indicator of lipid peroxidation?*
and subsequently, loss of membranes structures and
functions®}l. Testes, being rich in PUFA and having
high rates of metabolism and cell replication and poor
antioxidant defenses, are much more vulnerable to
peroxidation injury compared with other tissues?!.

Increased MDA levels in rat testes following RF-EMWs
exposure was similarly reported in former studies [35, 36].

In the present work, increased MDA in group II might
explain the loss of histological architecture of STs that was
supported by significant decrease in diameter of ST, height
of lining spermatogenic epithelium, mean count of sperms
and level of TH in comparison with the control. Similar
features were previously reported®” 3. This explanation
was enforced by the ability of MDA to react with
multiple biomolecules such as proteins or DNA leading
to DNA damage, cell cycle arrest®?, apoptosis of germ
cell and consequently low sperm count following mobile
phone radiation exposure®. The high susceptibility of
spermatozoa to DNA damage was attributed to loss of
their cytoplasm, which contains anti-oxidant enzymes, and
consequently, loss of their capacity for DNA repair after
spermiation®. Hand in hand with previously mentioned
results, Aitken et al., 20051 suggested that RF- EMWs
might have a genotoxic effect on mitochondrial and nuclear
genome in epididymal spermatozoa of mice exposed to
900 MHz RF- EMWs.

Exposure to EMF has adverse effects on the proliferation
and differentiation of spermatogonia, which may be
important in understanding the pathogenesis of EMF-
induced male infertility™*> 41, Therefore, we used PCNA
as a tool to assess spermatogenesis. The mean number
of PCNA positive testicular germ cells was significantly
reduced in group Il indicating disruption in cell proliferation
and spermatogenesis. This was in agreement with a former
study in which exposure of rats to 900 MHz RF- EMWs
fields for one hour daily for 8 weeks resulted in significant
decrease in PCNA expression,

Another reason for low sperm count and for the
detached spermatogenic epithelium and presence of
exfoliated germ cells in the lumen of STs in group II could
be the disruption of specialized connections between
differentiating germ cells and Sertoli cells®**. To emphasize
this assumption, anti-CX43 antibodies was used being the
predominant connexin in testis and essential for germ cell
proliferation, differentiation, survival and late maturation
of spermatocytes®!. In addition to its involvement in the
control of blood-testis barrier integrity™® and maintenance
of Sertoli cell polarity, also it is the only CX expressed
in Leydig cells’. Consistent with these reports, CX43
immunoreactivity in control group of the current study was
observed mainly in Sertoli cells and in Leydig cells. On
the other hand, these junctions were disrupted upon OS in
group II as confirmed morphometrically by the significant
decrease in CX43 area percent compared to the control.
This finding was in accordance with*l.

It was reported that Sertoli cells impairment in turn,
led to subsequent changes or decrease in seminiferous
tubule fluid secretion that contains appropriate
nutritional and hormonal factors necessary to support
spermatogenesis®® and meiosis completion™®. Such
impairment shown in group II of the current study as
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defective expression of CX43-could result in metabolic
disturbance in germ cells, vacuolation of their cytoplasm,
germ cell death and shedding®”. In addition, impaired
phagocytic function of Sertoli cells could explain the
presence of homogenous acidophilic material in some STs
of the same group that resulted from hyalinization of the
degenerated and exfoliated germ cells.

Moreover, appearance of multinucleated giant cells
in the lumen of STs of this group suggested opening up
of the cytoplasmic bridges between progeny of each cell
division and fusion of their cellular contents!*. These
giant cells have been reported repeatedly in previous
studies following RF - EMWs exposurel> “! and were
assumed to be due to excessive apoptosis induced by OS
via mitochondrial dysfunction®". During spermatogenesis,
apoptosis in testicular germ cells is considered as a
physiologic mechanism to limit the germ cell population
to numbers that the Sertoli cells can supportl*?. Regulation
of germ cell apoptosis in normal testis is under control
of the Bcl- 2 family, pS3 and Fas-signaling pathway**!.
This assumption was supported in the present work by
the apoptotic appearance and vacuolation seen in most of
spermatogenic epithelium of group II that was enforced by
increased expression of p53. These findings were similarly
reported in prior studiest®*.

Widening of peritubular tissue observed in
sections of group II could be attributed to the impaired
spermatogenesis and the subsequent decrease in height
of spermatogenic epithelium and diameter of STs as
confirmed morphometrically. Some studies added that,
the organization of the testicular tissue is affected by
hormonal $timulation and referred this widening of
the peritubular tissue to withdrawal of gonadotrophic
stimulations that occurs after hypophysectomy™. This
could be supported by several studies which clarified that
EMWs could interfere with the endocrine regulation of
spermatogenesis? and by the significant decrease of serum
testosterone level in group II in the present study versus
control. This finding was reported formerly upon exposure
of rats to RF-EM W6 30,

Testosterone has stimulatory effect on protein synthesis
in all types of testicular germ cells leading to sperm
development?®”. Tt stimulates the conversion of round
spermatids into elongated spermatids®®!. These actions of
TH are exerted through androgen receptors (AR) and its
signaling in the testis, is essential for spermatogenesis®).
Since, germ cells do not express AR therefore, it is widely
accepted that the requirement of TH for spermatogenesis
is mediated by Leydig, Sertoli and myoid cells of the
mature testis through expression of ARP. This provides
an explanation for the nuclear immunoreactivity of AR
that was detected in such cells of the control group of the
present work.

Reduced serum TH level in group II in this study
could be attributed to the impairment of Leydig cells in

response to cell phone®? as they were considered among
the most susceptible cells to EMWs. Oxidative stress
and EMWs could induce alteration in protein kinase C
(PKC) enzyme complex that played a regulatory role in
steroidogenesis in Leydig cells®! and through affection
of the expression of mRNA for P450 cholesterol side
chain lyase (the first enzyme in steroidogenesis in Leydig
cells)®. This assumption was supported in the present
work by the apoptotic appearance and positive expression
of p53 of many Leydig cells in group II. That was furtherly
established by significant increase in number of p53 positive
Leydig cells, decrease in number of AR immunopositive
Leydig cells and serum TH. Additional enforcement
was recorded from the results of other investigators who
demonstrated decrease in serum TH levels and number
of Leydig cells in rats exposed for 1 month to 900 MHZ
EMWSsB7,

Noteworthy, antioxidants such as melatonin, caffeic
acid and phenyl ester prevented OS and apoptosis caused
by RF-EMWs in different animal tissues!®> ®. Therefore,
the second aim of the present work was to evaluate the
potentiality of NG to protect the testes from the injurious
effect of mobile phone. NG is a member of subgroup of
flavanones that play important role in body health in terms
of antioxidant and anti-inflammatory. NG has significant
difference with other members of flavanones subgroups
because it can bind to DNAI®),

The protective effect of NG was evident in the current
study in group III by the nearly normal histological
structures of STs and interstitial tissues. In addition, the
immune expression of PCNA, p53 and CX43 returned
to a level almost close to the control with subsequent
promotion of cell cycle progression. This was proved
morphometrically by the significant increase in epithelial
height, ST diameter and sperm count compared to group
II. Furthermore, its protective effect was obvious in the
interstitial cells of Leydig as well, in most of testicular
sections, which showed normal appearance and increased
AR expression. This was accompanied by restored activity
in the form of release of more testosterone needed for
normal spermatogenesis as enforced by significant increase
in serum TH level compared to group II. However, some
Leydig cells with darkly stained nuclei were observed in
some STs and were reflected as minimal expression of p53.

In the present work, NG modulated the antioxidant
status of the testis as proved by the significant reduction
in MDA level versus group II indicating decreased rate
of lipid peroxidation. This explanation was in line with
several studies, which confirmed the antioxidative activity
of NG 7 and explained it by the ability of NG to induce
the expression of many antioxidant-related genes!®® and
inhibit the activity of ROS-forming enzymes as NADPH
oxidase!®. Additionally, some reporters suggested that
NG could protect normal cells against radiation-induced
apoptosis by modulating the expression of p53, Bax,
and Bcl-2", This was enforced in the present work, by
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significant reduction in number of p53 positive cells
compared to mobile group.

The current study aimed also to detect the reversibility
of mobile phone damaging effects on testes. The recorded
significant decrease in serum TH and number of AR positive
Leydig cells in the recovery group versus control signified
the incomplete recovery of Leydig cells. Likewise, the
decrease in area percent of CX43 immunoreaction versus
control denoted that Sertoli cells didn’t attain its full
recovery, and this might affect Leydig cells as well because
it was shown in a former study that the number and volume
of Leydig cells were related to level of Cx437!). This was
supported by the fact that the Sertoli cell-derived factors
are required to maintain the Leydig cells. Thus, Sertoli
cells are crucial regulators of the two major functions of
the adult testis spermatogenesis and androgen secretion!’?!.
This in turn, explains why spermatogenic cycle was still
affected as appearance of partial loss of spermatogenic
cells, detached apoptotic cells, multinucleated giant
cells, expression of moderate amount of positive p53
immunoreactive cells and subsequent decrease in sperm
count.

On the other hand, slight improvement was detected
as an increase in the diagonal diameter of ST, height of
spermatogenic epithelium, sperm count and number of
PCNA positive cells and AR positive Leydig cells and
area percent of CX43 versus mobile phone group, but the
differences were statistically non significant. This partial
improvements of these histological and morphometric
findings could be attributed to the corresponded non
significant elevation in serum testosterone and diminution
of testicular MDA compared to mobile group. In the current
study, the 56-days (8 weeks) recovery period was chosen
based on the time necessary to complete a spermatogenic
cycle in rats>™ as approximately 4.5 cycles (each
about 12.9 days) are required for the basal spermatogonia
to reach the final stage of spermatid development.
Theoretically, this duration allows full recovery of all cell
layers after exposure to reversible injury. However, there
is often a lag period before all the cells can achieve full
production capacity!’’l. This might explain why complete
recovery was not attained in the present work 56 days post-
exposure. So, more time might be required to overcome
EMWs induced testicular toxicity.

CONCLUSION

Mobile phones might have deleterious effects on
human reproductive health This was evidenced by
the biochemical (MDA, TH and sperm count) and
histopathological changes of testis reflected as impairment
of spermatogenesis. Remarkably, these changes are
partially recovered after stoppage of exposure to EMWs.
This might be attributed due to the partial improvement
of Leydig and Sertoli cells and consequently the process
of spermatogenesis. Moreover, NG co-administration was

protective through improvement of OS, testicular function
and structure. Since, it might be difficult to avoid exposure
to mobile phones EMWs therefore, routine consumption
of citrus fruits rich in NG can efficiently counteracts OS
and maintains reproductive health.
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