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Abstract

This work aims to study the histopathological and
histochemical changes in the testes of male albino rats post
exposure to mobile phone radiation and the possible
protective role of vitamin E and/or silymarin. The current
experiment was carried out on 30 adult male albino rats
(Sprague dawly). Rats were randomly and equally divided
into five groups: 1) Group C: control rats left without
treatment; 2) Group R: rats exposed to frequency equals
950 MHz of electromagnetic field (EMF); 3) Group R + E:
rats received vitamin E before exposure to frequency equals
950 MHz of EMF; 4) Group R + S:  rats received silymarin
before exposure to frequency equals 950 MHz of EMF and
5) Group R + E+ S: rats received vitamin E parallel to
silymarin before exposure to frequency equals 950 MHz of
EMF. Electromagnetic field exposed rats showed testicular
alterations which were ameliorated by using either vitamin
E or silymarin alone. However, both vitamin E and
silymarin administration ameliorated the damaging effects
of testes of mobile phone exposed rats more than that of
silymarin or vitamin E alone.
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1 Introduction
Modern technology allowed the development of many
different instruments emitting electromagnetic waves such
as mobile phones, microwaves, television sets, satellite
signals, radar and transmitting and receiving stations and
also computers. Humans are exposed to electromagnetic
waves every day, more than the day before.
Electromagnetic radiofrequency radiation from a mobile

phones, Wi-Fi, microwaves or other devices were reported
earlier to affect negatively male fertility (Hales et al., 2005;
Lukac et al., 2011), whereas a number of studies in contrast
did not show any abnormalities (Dasdag et al.,2003; Chung
et al., 2005).
Exposure to extremely low and high electromagnet fields
(ELF-EMF) affect living cells and tissues. There are an
increasing number of cell phone users allover the world and
the question is whether Micro Wave (MW) of these
instruments could cause health hazards (Dasdag et al.,
2003). There has been increasing interest in the biological
effects and possible health outcomes of weak, high
frequency electric and magnetic fields (Knave, 2001).When
the biological systems were exposed to an external
magnetic field with a very large strength relative to the
biomagnetic field of the cells, a disturbance in their
metabolic function is expected and may lead to death of the
cells or increase their cell division (Horiuchi et al., 2002).
Exposure of mice to 900-1800 MHz microwaves affected
the histological structure of testis particularly Leydig cells
and showed an apoptosis-inducing effect on the
spermatogenic cells (Nassar, 2009). Free radical formation
and their interaction with biological system is a matter of
major concern. There is evidence of free radical generation
after RF microwave exposures (D’Angelo et al., 2015).
EMF may disturb reactive oxygen species (ROS)
metabolism by increasing the production of ROS or by
decreasing the activity of antioxidant enzymes (Abd El
Rahman et al., 2014). ROS generated by mobile phones
exposure if not scavenged may lead to widespread lipid,
protein and DNA damage (Jajte et al., 2002).
Electronic household items and cell phones are reported to
decrease fertility potential in men by decreasing sperm
count, motility and viability and inducing pathological
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changes in sperm and testes morphology (Erogul et al.,
2006). Spermatogenesis is a complex process takes place in
the testis, which may be exposed to various microwave
frequencies which are currently in use (Behari and Kesari,
2006). Among various factors of infertility, oxidative stress
has become the main focus of interest as a potential cause
of male infertility (Kumar et al.,2010).
Vitamin E is one of the major antioxidants , it plays an
important role in reducing oxidative stress (Aydogan et al.,
2014). It is the most important hydrophobic antioxidant
protecting biological molecules like DNA, proteins and
lipids against ROS (Alba et al., 2008). It has also been
shown to suppress lipid peroxidation in testicular
microsomes and mitochondria and to reverse the
detrimental effects of oxidative stress on the testicular
function (Al-Damegh, 2012). Vitamin E administration to
male albino rats post-exposure to 900 MHz of mobile
phone radiation showed significant anti-damaging effect of
the lung tissues more than the anti-damaging effect of
silymarin (Mohamed, 2014).
Silymarin or Silybum marianum is a complex mixture of
four flavonolignan isomers, namely, silybin , silychristin,
silydianin, and isosilybin (Salter et al., 2001 ; Shaarawy et
al., 2009). Silymarin has been reported to have
antioxidative, anti-inflammatory, immunomodulatory, anti-
lipid and liver-regenerating properties (Pradhan and Girish,
2006). Silymarin is the most used natural compound for the
treatment of hepatic diseases worldwide due to its
antioxidant, anti-inflammatory and anti-fibrotic activities; it
functions by stabilizing biological membranes and
increasing protein synthesis (Vargas-Mendoza et al., 2014)
The present study was designed to investigate the
histopathological and histochemical changes in the
testicular tissues exposed to 950 MHz mobile phone
radiation and the possible protective role of vitamin E and
silymarin either alone or in combination.

2 Materials and Methods
Animals: 30 Male albino rats (Sprague dawley) 10 ± 2
weeks old weighing 120 ± 20 g were obtained from the
Egyptian Holding Company for Biological Products and
Vaccines (Cairo, Egypt). Animals were housed collectively
in plastic cages,  maintained under standard conditions of
light, ventilation, temperature and humidity and allowed
free access of standard pellet diet and tap water. Animals
were acclimatized to laboratory conditions before starting
the experiment. All animal procedures were carried out in
accordance with the Ethics Committee of the National
Research Centre conformed to the “Guide for the Care and
Use of Laboratory Animals” published by the US National
Institutes of Health.
Electromagnetic wave exposure: irradiation was carried
out at the National Center for Radiation Research and
Technology (NCRRT), Nasr city, Cairo, Egypt. Animals
were housed collectively in wooden cages (30 x 40 x 40
cm; W x L x H) exposed to 950 MHz (EMF) with constant
power about 1.4 mW/cm2 measured during the experiment
using power (Holaday Industries Inc., UK).The whole body

average specific absorption rate, 1.2 W/kg, was calculated
from the relation specific absorption rate (SAR) =
Power/density
Vitamin E treatment: vitamin E was purchased as a
concentrate of Dl-alpha-tocopheryl acetate with the highest
purity from Pharco-Pharmaceutical Company, Cairo Egypt.
The concentrate was suspended in distilled water and given
orally to rats at a dose of 1.35 mg/Kg body weight 3
times/week for 2 months, two hours before exposure to
radiation (Jarrin et al., 2002).
Silymarin treatment: silymarin was purchased from South
Egypt Drug Industries Company (SEDICO), South Egypt,
Egypt. Silymarin was suspended in distilled water and
administered to rats via gavages at a dose of 18 mg/Kg
body weight 3 times/week for 2 months two hours before
exposure to frequency equals 950 MHz of radiation (Abou
Safi, 2005).
Experimental design: animals were randomly divided into
five groups (n=6), these groups were: 1) Group C: control
rats normal healthy rats left without any treatment; 2)
Group R: rats exposed to frequency equals 950 MHz of
EMF 2hrs/day, 3days/week for 2 months; 3) Group R + E:
rats received vitamin E 1.35 mg/ kg, b.wt, suspended in
distilled water, 3 times/week for 2 months two hours before
exposure to frequency equals 950 MHz of EMF; 4) Group
R + S: rats received silymarin  18 mg/ kg, b.wt, suspended
in distilled water, 3 times/week for 2 months two hours
before exposure to frequency equals 950 MHz of EMF and
5) Group R + S+ E: rats received vitamin E parallel to
silymarin 3 times/week for 2 months two hours before
exposure to frequency equals 950 MHz of EMF.

Histopathological and histochemical observations:
Rats of the control and treated groups were sacrificed after
two months and the testes were immediately excised and
fixed in 10% formol saline and Carnoy’s fixative.   Paraffin
section (5µm in thickness) were prepared for processing the
histological and histochemical studies. For general
histology sections were stained with haematoxylin and
eosin and Mallory’s trichrome stain to illustrate collagen
fibers (Bancroft and Gamble, 2008). Polysaccharides were
detected by using periodic acid Schiff’s (PAS) method
(Drury and Wallington, 1980); DNA was detected using
Feulgen reaction (Kiernan , 1981). Total proteins were
detected using the mercury bromophenol blue method
(Pearse, 1972).
Image analysis and statistical analysis:
Image analysis was performed at the Pathology
Department, National Research Center using the Leica
Qwin 500 Image Analyzer (LEICA Imaging Systems Ltd,
Cambridge, England,). Polysaccharides, total protein and
DNA materials were calculated. The SPSS/PC computer
program was used for statistical analysis of the results. Data
were analyzed using one-way analysis of variance
(ANOVA) followed by Post Hoc LSD test. The data were
expressed as mean ± standard deviation (SD). Differences
were considered statistically significant at (P ˂ 0.05).
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3 Results
Histopathological observations
The control group C: light microscopic examination of the
stained sections of testes illustrates the normal histological
structure of the seminiferous tubules, basement membranes,
spermatogenic cells, normal sperms and interstitial cells of
Leydig (Fig. 1). Irradiated group R:the testes of the
irradiated rats showed many histopathological changes
represented as disorganization, degeneration, decreased
diameters and atrophy in some seminiferous tubules with
highly dilated interstitial spaces, highly decreased
spermatogenic layers and spermatogenic cells, highly
reduced number and size of Leydig cells which were
randomly distributed in between the seminiferous tubules,
highly reduced number of mature sperms with debris of
degenerated cells collected in the middle of the
seminiferous tubules and delaminated spermatogenic cells
from their basement membranes. Hyalinization inside some
seminiferous tubules with highly distorted seminiferous
tubules and Leydig cells were also noted (Figs. 2, 3 & 4).
Vitamin E and silymarin treated groups R + E, R + S, and
R + E + S: examination of the testicular tissues of rats
treated with vitamin E showed somewhat normal
appearance of most seminiferous tubules and Leydig cells.
In spite of normal appearance of some seminiferous
tubules, some showed delamination of spermatogenic
layers from the basement membranes (Fig. 5).The testicular
tissues of male albino rats of R + S group showed obvious
signs of improvement in the seminiferous tubules and
Leydig cells with reappearance of mature sperms (Figs. 6 &
7). However, the testicular tissues of male rats of R + E + S
group showed somewhat normal architecture where most of
the seminiferous tubules retained their normal appearance
with normal spermatogenic layers and Leydig cells in
between them (Figs. 8 & 9).
Mallory’s trichrome stained sections of the testes of the
control group show normal distribution of the collagen
fibres supporting cellular membranes of the spermatogenic
layers, Leydig cells, basement membranes of the
seminiferous tubules and the connective tissue (Fig. 10).
Irradiated R group showed highly increased collagen fibres
under the testicular capsule, basement membranes, Leydig
cells and around the blood vessels with signs of fibrosis in
the capsule and some seminiferous tubules (Figs. 11, 12, 13
& 14). Reduced collagen fibres were observed in the
testicular tissues of R + E group (Fig. 15) and R + S group
in and around the seminiferous tubules (Fig. 16). Somewhat
normal appearance of collagen fibres was noted in R + E +
S group in the seminiferous tubules and their basement
membranes and in mature sperms with no signs of fibrosis
(Fig. 17).
Histochemical observations and image analysis of the
testes
Polysaccharides
Fig. (18) showing normal distribution of PAS +ve reaction
(magenta color) in the testes of the control C group where
moderate staining affinity is seen in the basement
membranes of the seminiferous tubules and Leydig cells

with deeply stained heads of mature sperms. Reduced
staining affinity of the PAS + ve materials in the testicular
tissue of rats of R group was detected (Figs. 19). However,
increased PAS +ve materials were realized in either vitamin
E (Fig. 20) or silymarin treated groups (Figs. 21 & 22).
More obvious increase in PAS +ve materials was
demonstrated in both silymarin and vitamin E treated group
(Fig. 23) as compared to control group.

Image analysis of PAS +ve materials showed that EMF
caused marked diminution (P ˂ 0.05) of polysaccharides
content in the testicular tissue (0.180 ± 0.022) as compared
to control value (0.261 ± 0.030). However, either vitamin E
or silymarin treated groups showed a significant increase (P
˂ 0.05) in PAS positive materials (0.225 ± 0.036) and
(0.244 ± 0.038) respectively as compared to control value.
A significant increase (P ˂ 0.05) was also detected in both
silymarin and vitamin E treated group and nearly reached
the control value (0.261 ± 0.030) (Table 1).

Total protein
The testicular tissue of the control rat group shows normal
distribution of the total protein content represented by
deeply stained granules inside the nuclei and cytoplasm of
all spermatogenic cells. The boundaries of the seminiferous
tubules as well as intertubular connective tissue showed
strong mercury bromophenol blue reaction (Fig. 24).
However, decreased staining affinity of total protein was
noticed in the testicular tissue of the irradiated R group
(Figs. 25 & 26). To some extent, normal appearance of the
total protein was detected in either vitamin E (Fig. 27) or
silymarin treated groups (Figs. 28, 29 & 30) which were
more obvious in both silymarin and vitamin E treated group
(Figs. 31 & 32).

Mean optical density values showed  significant decrease
(P ˂ 0.05) in total protein (0.473 ± 0.072) in the irradiated
group as compared to that of the control value (0.553 ±
0.065); whereas a significant increase (P ˂ 0.05) in total
protein content was detected in either vitamin E (0.531 ±
0.040) or silymarin (0.545 ± 0.039) treated groups as
compared to control value. In addition both vitamin E and
silymarin administrated group showed a significant
increase (P ˂ 0.05) in total protein value (0.597 ± 0.069) in
a degree more or less similar to that of the control value
(Table 1).

DNA
The nuclei of the cells of testicular tissue of the control rats
showed normal distribution of DNA in the form of granules
of magenta color in the nuclei of all spermatogenic cells.
Strong reaction is also seen in the interstitial cells and
Sertoli cells (Fig. 33). Exposure of rats to EMF of mobile
phone showed a noticeable reduction in DNA content of
the nuclei (Figs. 34 & 35) compared to DNA contents of
the control group. The testicular tissue of vitamin E treated
group also revealed a decrease in Feulgen stained materials
(Fig. 36). An increase in the DNA +ve materials was
noticed in silymarin treated group (Figs. 37 & 38)and more
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obvious increase was observed in both silymarin and
vitamin E treated group (Fig. 39).

Optical density measurements showed significant decrease
(P ˂ 0.05)  in DNA content post-exposure to EMF (0.190 ±
0.026) as compared to that of the control value (0.302 ±
0.043). Also, a significant decrease (P ˂ 0.05)  in DNA
materials was noted in vitamin E treated group (0.196 ±
0.020) as compared to that of the control value; whereas
silymarin administrated group showed a significant
increase in DNA content (0.241 ± 0.028) as compared to
control value. A significant increase (P ˂ 0.05)  was also
noted in both silymarin and vitamin E treated group (0.268
± 0.045) as compared to the control value (0.302 ± 0.043)
(Table 1).

4 Discussion
Cell phones have become a vital part of our lives. Cell
phones emit radiofrequency electromagnetic waves (RF-
EMW) to nearby relay base stations or antennas. Our
bodies act as antennas that absorb the radiation and convert
it into electric and magnetic fields. Leydig cells,
seminiferous tubules and spermatozoa are the main targets
of the damage caused by mobile phones on the male
reproductive tract. In particular, cellular phone exposure
reduces testosterone biosynthesis impairs spermatogenesis
and damages sperm DNA (La Vignera et al., 2012).
The current study showed that exposure of male rats to 950
MHz EMF three days a week, day after day, for two
months induced disorganization, degeneration and atrophy
in some seminiferous tubules with dilated interstitial spaces
and highly reduced Leydig cells. Delaminated
spermatogenic cells from the basement membrane, ruptured
basement membranes of some seminiferous tubules,
decreased spermatogenic layers and spermatogenic cells
with highly reduced sperms in the lumen of the
seminiferous tubules were also realized. EMF of 950 MHz
radiation selected in the present experiment because it is a
frequency of the Global System Mobile (GSM) signal
modulation used for all mobile communication (Khalil et
al., 2012).
Electric field exposure significantly affected the testes and
caused histological changes (Erpek et al.,2007). Carrying
the mobile phones near reproductive organs for longer time
may have negative effects on the sperm motility and male
fertility (Fejes et al., 2005 ;Kesari and Behari, 2008). In
agreement with the present findings Cao et al. (2009)
showed that magnetic fields at 1000 Hz or 2000 Hz
damaged the testes  by  inducing injury to  the
seminiferous tubules and  Leydig  cells,  thickening  of the
basal membranes, massive apoptosis and necrosis of the
spermatogenic cells in the lumen and consequently resulted
in the absence of sperm. In addition Kesari et al. (2010)
showed reduced sperm count and increased apoptosis in
male Wistar rats exposed to 900 MHz 2 h/d for 45 days.
Moreover, Chen et al. (2011) indicated that long-term
microwave radiation caused injury to male reproduction,
which was positively correlated with the radiation dose.

Histopathological manifestations of testicular damage in
the current experiment may be due to an imbalance
between the activities of an oxidant agent and the
antioxidant system within the cell. It is well known that
cytotoxicity is related to reactive oxygen species (ROS),
superoxide radical (*O-2), hydrogen peroxide (H2O2), and
hydroxyl radical (OH*), which are produced by various
factors. This link causes oxidative damage to cell
membrane, increases in oxygen radical’s production and
ultimately permits leakage of enzymes, leading to organ
damage (Uttara et al., 2009). ROS can harm cells by
depleting enzymatic and/or non-enzymatic antioxidants
triggering progressive dysfunction and eventually
genotoxic events (Kong and Lin, 2010).
Mobile phone radiation results in increased oxidative stress,
with subsequent sperm membrane lipid and DNA damage.
These abnormalities seem to be directly related to the
duration of mobile phone use (La Vignera et al., 2012).
Metabolic processes which generate oxidants and
antioxidants can be influenced by environmental factors
such as EMFs (Kovacic and Somanathan, 2010). Increased
EMFs exposure can modify the cellular balance by
generating reactive oxygen species (Simko, 2007;
Achudume et al., 2010) which could be responsible for the
testicular tissue damage appeared in the present
experiment.
In contrast to the current findings Ribeiro et al. (2007)
reported that rats exposed to RF-EMR emitted by cellular
phone (1835– 1850 MHz) for 1 h/d for 11 weeks had
similar testicular and epididymal weight, lipid peroxidation
levels, serum total testosterone volume, and epididymal
sperm count compared to unexposed control rats. Also, the
results of Meo et al. (2011) showed that no
spermatogenesis abnormalities were found in rats exposed
to mobile phone radiation for 3 months.
Results of the present experiment showed that single
administration of vitamin E to rats for 2 months before
exposure to 950 MHz of EMF resulted in remarkable
regenerative features as most of the seminiferous tubules
and Leydig cells retained their normal histological
appearance in spite of the presence of numerous empty
spaces in between the spermatogenic cells. Single
administration of silymarin for 2 months prior to exposure
of 950 MHz of mobile phone radiation showed obvious
signs of recovery indicated by more or less normal
appearance of the seminiferous tubules and Leydig cells
with normal arrangement of the spermatogenic layers and
cells with reappearance of mature sperms. Administration
of both silymarin and vitamin E before exposure to 950
MHz of mobile phones radiation showed somewhat normal
testicular architecture where most of the seminiferous
tubules and Leydig cells retained their normal appearance
in a degree better than their single administration.
The current observations come in agreement with the
previous reports of Jacobs et al. (2002) and Oral et al.
(2006) who reported that antioxidants can protect living
cells from radiation damage by ameliorating the deleterious
effect of free radicals. Also supplementation with
antioxidants (vitamins A, E, C + Selenium)  scavenging
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Fig.1. Testicular tissue of the C group showing seminiferous tubules (S) which are surrounded by the basement membranes (bm), sperms in the lumens
and interstitial tissue in between the tubules which containing Leydig cells (L). (H&E X 200). Figs. 2-4.Testicular tissue of R group showing
disorganization (*), degeneration (d), decreased diameters and atrophy in some seminiferous tubules (S), widening of interstitial
spaces , highly reduced sperms (arrow) in the lumen of the seminiferous tubules (S), highly reduced Leydig cells (L) with decreased number of
spermatogenic layers and their cells (sp).(2, 3 X 200 & 4 X 400). Fig. 5.Testicular tissue of R+E group showing remarkable regenerative features. (X
200).
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Figs. 6,7. Testicular tissue of R+S group showing signs of improvement in the seminiferous tubules and Leydig cells (L) with reappearance of mature
sperms (arrow). (X 200). Figs. 8.9.Testicular tissue of R+S+E group showing improved architecture of the spermatogenic layers and their cells. (X 200)

Table 1:  showing mean optical density (MOD) values of polysaccharides, total protein and deoxyribonucleic acid (DNA) contents in the testicular
tissues of the control and treated rat groups.

Groups Polysaccharides Total protein DNA

1- Control 0.261±0.030 0.553±0.065 0.302±0.043

2- R group
% change

0.180±0.022a

-31.15 %
0.473±0.072a

-14.47 %
0.190±0.026a

-37.09 %

3- R + E  group
% change

0.225±0.036ab

-13.80 %
0.531±0.040ab

-3.99 %
0.196±0.020a

-35.10 %

4- R + S group
% change

0.244±0.038ab

-6.51 %
0.545±0.039ab

-1.45 %
0.241±0.028ab

-20.20 %

5- R + E + S group
% change

0.321±0.034ab

22.99 %

0.597±0.069ab

7.96 %

0.268±0.045ab

-11.26 %

Values are expressed as Means ± Standard Deviation (n=10 readings from
each group).
a : significant vs control, b : significant vs EMF group at P<0.05
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Figures 10-17 Photomicrographs showing distribution of collagen fibres in the testicular tissue of rats of the control and treated groups (Mallory’s
trichrome stain  X 200)
Fig. 10.Showing thin collagen fibres supporting the walls of the spermatogenic cells and Leydig cells in the interstitial spaces of the
testicular tissue of the control group. Fig. 11-14.Testicular tissue of R group showing increased collagen fibres under the capsule (*), in the interstitial
spaces especially, in the oedematous regions (arrow) and inside the seminiferous tubules. Notice: signs of fibrosis (brightly red stained) in the capsule
(C) and in some seminiferous tubules (st). Figs. 15-17. Testicular tissue of R+E15 , R+S16 and R+S+E17 groups showing somewhat normal appearance of
collagen fibres inside the seminiferous tubules and interstitial spaces.
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Figures 18-23 Photomicrographs showing distribution of PAS +ve materials in the testicular tissue of rats of the control and treated groups (PAS  X
200)
Fig. 18.Normal distribution of the PAS +ve materials in the seminiferous tubules of the control group. Fig. 19. Testicular tissue of the R group showing
reduced PAS +ve materials inside the seminiferous tubules with an increase in some oedematous areas in between the seminiferous tubules (*). Figs.
20-23. Testicular tissue of R+E20, R+S21, 22 and R+S+E23) groups showing somewhat normal appearance of PAS +ve materials in the testes of the
mentioned groups.
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Fig. 24. Normal distribution of total protein in the testicular tissue of the control group. Figs. 25, 26. Testicular tissue of
R group showing  a decrease in total protein inside the seminiferous tubules with an increase in the capsule and in some
interstitial spaces. Figs. 27-8. Testicular tissue of R+E27, R+S28 groups showing that total protein somewhat returned to its
normal level in the mentioned treated groups (Mercury Bromophenol blue, X 200).

33

34

32
35

36

2625

27 28

24



Journal of Bioscience and Applied Research, 2015, Vol.1, No.3, PP.97-111, pISSN: 2356-9174, eISSN: 2356-9182 106

Figs. 29-32. Testicular tissue of R+S 29, 30 and R+S+E31, 32 groups showing that total protein somewhat returned to its normal level in the mentioned
treated groups (Mercury Bromophenol blue, X 200)
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Fig. 33. Normal distribution of the DNA content in the nuclei of spermatogenic cells and Leydig cells of the control group. (X 200). Figs. 34, 35.
Testicular tissue of R group showing  decreased DNA content of the nuclei of spermatogenic cells and Leydig cells. (34 X 200 & 35 X 400). Fig. 36.
Testicular tissue of R+E group showing a decrease of the DNA content in the nuclei of different cells of the testicular tissue. (X 200). Figs. 37-39
Testicular tissue of R+S 37, 38 and R+S+E 39 groups showing somewhat normal content of DNA materials in the different spermatogenic cells and
Leydig cells. (X 200) (Feulgen’s reaction)
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reactive oxygen species and increasing antioxidant enzyme
activities and prevent 950 MHz EMF-induced oxidative
damage of liver and heart (Ibrahim and Gharib, 2010).
The present experiment showed an increase in collagen
fibres deposition within the seminiferous tubules and
Leydig cells of the irradiated rats, these results comes in
line with those reported earlier by Celik et al. (2012)who
declared that three months low-dose EMF exposure caused
an increase in membrana propria thickness and collagen
fibres contents with capillary veins extension in rat testes.
More recently, Mohamed (2014) revealed that exposure of
rats to 900 MHz of EMF (2h/day, 3h/week) for two months
increased lung collagen fibres around walls of the
bronchioles and inside the tunica intima of the blood
vessels. Increased collagen deposition in the current
experiment could be attributed to oxidative stress that
stimulate the expression of genes involved in collagen
biosynthesis (Guler et al., 2009), where increased
superoxide anion formation by inhibition of superoxide
dismutase (SOD) stimulates collagen production indicating
a vital role of SOD and the generated reactive oxygen
species in collagen accumulation (Lijnen et al., 2011). On
the other hand, more or less normal distribution of collagen
fibres was detected in the testicular tissues of rats treated
with vitamin E and/or silymarin which may reflect the
indirect anti-oxidant role of both vitamin E and silymarin.
Concerning the histochemical observations in the current
work, rat testes exposed to 950 MHz of EMF radiation
showed reduction of polysaccharides. A decrease in PAS
+ve materials following EMFs exposure was noted earlier.
Saied et al. (2010) found that electromagnetic fields from
two phase square waves with 700 (MG) intensity and 1 Hz
frequency was found to significantly decrease glycogen
storage of rabbit liver, the authors concluded that EMFs can
decrease liver glycogen stores. In addition, the decrease in
carbohydrate contents in the current work may be attributed
to increased stress on the organs which leading to
consuming high energy in attempt to light or equalize the
pressure exerted upon them (Sakr and Okdah, 2004). It may
also be due to the release of hydrolytic enzymes from
ruptured lysosomes under the effects of toxic agents
(Farrag and Shalby,2007).
Present results showed that male rats received vitamin E
and/or silymarin showed more or less normal appearance of
the PAS +ve materials, better improvement was noted in
both silymarin and vitamin E administrated group, which
could be attributed to both antioxidants inhibitory effect of
free radicals formation (Oral et al., 2006). The current
observations were confirmed with statistical analysis of
optical density of PAS reaction (Table 1) where a
significant decrease in PAS reaction was noted post-
exposure of rats to EMF. Such decrease was also noted
after vitamin E administration to rats prior to EMFs
exposure. A significant increase in polysaccharides content
of the testicular tissues was detected after either silymarin
or both vitamin E and silymarin treatment which was more
prominent in both silymarin and vitamin E treated group.

The current results also showed decreased staining affinity
of the DNA as well as total protein in rat testicular tissue
following EMF exposure. Such reduction was noticed
before where, Aitken et al. (2005) showed that exposure of
mice to 900 MHz radiofrequency electromagnetic radiation
induced DNA damage to caudal epididymal spermatozoa.
In the same way, Kilgalton and Simmons (2005) reported
decreased semen quality with prolonged use of cell phones
with negative effects on sperm motility characteristics
(Fejes et al., 2005). In contrast to such findings Nikolova et
al. (2005) reported no effects of radiofrequency fields on
cell cycle, cell proliferation, cell differentiation, apoptosis
induction, DNA synthesis and immune cell functionality.
Electromagnetic fields interfere with protein
phosphorylation and modify the plasma membrane
structure and interfere with the initiation of the signal
cascade pathways for protein synthesis (Anan et al., 2012).
The decrease in both DNA and total protein in the current
work may be attributed to arrested metabolism or to use it
to build up new cells or enzymes to reduce the radiation
stress (Sakr and Okdah, 2004) and also disruption of
lysosomal membranes under the effect of various toxicants
leading to liberating their hydrolytic enzymes in the
cytoplasm and resulted in marked lysis and dissolution of
the target materials (Sakr and Shalaby, 2011).
The current histochemical findings showed improvement of
total protein and DNA materials after vitamin E and/or
silymarin administration. More obvious improvement in the
DNA and protein contents of the testicular tissue was
demonstrated after silymarin than after vitamin E
administration. Co-administration of vitamin E with
silymarin was more effective in ameliorating
electromagnetic field-induced testicular damage of both
DNA and total protein. Values of the mean optical density
confirmed the present histochemical observations
indicating the scavenging effect of silymarin or vitamin E
or their co-administration on free radicals produced by
testes in response to electromagnetic field toxicity.
Vitamin E supplementation played an important role in
tissue formation and prevention of damage or oxidation of
some tissues. It was reported earlier that the increase in the
protein content may be due to the activation of the enzymes
of protein synthesis (Gabry et al., 2008). In addition,
vitamin E caused a significant increase of antioxidant
enzymes which decreased in EMFs exposed animals (Wolf
et al., 2005).
Silymarin has also been reported to have antioxidant,
immunomodulatory, anti-fibrotic, anti-proliferative and
antiviral properties. It also affects the synthesis of RNA and
DNA. Furthermore, silymarin maintains the integrity of the
cell membrane and impedes the entrance of toxic
substances or xenobiotics and increases protein synthesis
by stimulating RNA polymerase I activity (Vargas-
Mendoza et al., 2014). Due to its phenolic nature, it is
capable of donating electrons to stabilize free radicals and
reactive oxygen species. Silymarin has been reported
earlier to be at least ten times more potent in antioxidant
activity than vitamin E (Kaur et al., 2011). Silymarin also
affects intracellular glutathione, which prevents
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lipoperoxidation of membranes (Karimi et al., 2011).The
current improvement in DNA and protein contents after
silymarin administration (either alone or in combination
with vitamin E) may be attributed to its antioxidant
properties by scavenging free radicals and increasing
intracellular concentration of glutathione indicating its
protective effect.
Co-administration of both vitamin E and silymarin to rats
in the present experiment showed more ameliorating effect
on the testicular tissues against EMF exposure. Such
improvement may be attributed to potentiating and
synergistic effect of combination supplements, implying
that silymarin as a potent antioxidant intensified this
beneficial effect (Roozbeh et al., 2011).
Image analysis results of the current experiment supported
the histological and histochemical results where a
significant decrease in both DNA and total protein contents
of the testes was detected after exposure of rats to EMF. A
significant increase was noted post administration of either

silymarin or co- administration of both silymarin and
vitamin E.  However, administration of vitamin E alone did
not show a significant increase in the DNA +ve materials of
the testicular nuclei.
In conclusion, the present experiment demonstrated the
protective effect of silymarin and/or vitamin E against 950
MHz (EMF) induced damage in rat testes. EMR has a
negative effect on the testicular structure through the
induction of oxidative stress and disruption of the testicular
antioxidant status. Antioxidants, such as vitamin E and
silymarin ameliorated the testicular damage and confirm
their importance in overcoming oxidative stress. Their
protective action may be attributed to the scavenging action
of both silymarin and/or vitamin E on free radicals
generation. Further investigations are encouraged to
explore the full potential of silymarin and/or vitamin E for
the protection of testes against the electromagnetic field
exposure.
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