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ABSTRACT

Recelved: 21 Feb 2022 X Electromagnetic waves (EMF) are powerful waves that have always been used in advanced

Accepted: 15 Mar 2022 © industries. The daily effects of waves are evident in today’s life. This research aims to investigate the
Available Online: 01Apr2022 @ effect of EMF on the healthy tissue of the kidney, bladder, and ureter.
: In this experimental study, 100 rats were randomly selected and divided into 2 equal
groups. The treatment group included 50 rats influenced by EMF waves (1 mT) for 8 hours daily over 8
weeks. The control group, including 50 rats without irradiation was kept for 8 weeks. At the end of the
period, all rats were killed via the euthanized method, and the kidney, bladder, and ureter were sampled
and after tissue passage, were stained by hematoxylin and eosin stain and terminal deoxynucleotidyl
transferase (TdT) nick end labeling methods.
[FEMEE The histopathological changes and cell damage in the kidney, bladder, and ureter included
atrophy and necrosis of cells, disorganization, hyperemia, and bleeding in the covering, muscular, and

Key words: connective tissues. Meanwhile, in the kidney tissue, from the point of view of the induction of ptosis, a
Electromagnetic field, large part of the nephrons undergo apoptosis. The results of the statistical analysis were obtained via the
Apoptosis, Kidney, © Mann-Whitney test method. The result was P>0.05, indicating a statistically significant effect.

Bladder, Ureter, Rat [Tl It is recommended that exposure to EMF for a long time must be avoided.
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Extended Abstract

Introduction

ources of generating electromagnetic field

(EMF) waves are the origin of advanced

technologies in important industries, such as

medical equipment, household appliances,

etc., which are all used daily by society. One
of the side effects of these waves can be the possible
harmful effects on human society as a result of indus-
trial life. A large number of people are always uninten-
tionally affected by electromagnetic waves in their daily
life. Electromagnetic waves have various forms and can
be classified from the point of view of the generating
sources of the waves. The category of electromagnetic
waves that are generated from the sources of medical
devices and equipment, for example, radiology devices,
magnetic resonance imaging, computed tomography
scan, and ultrasound devices. The category of electro-
magnetic waves that are generated by telecommunica-
tion equipment and power plants are different types of
mobile phones, computers, and monitors, the presence of
ferromagnets in industry, high-pressure electric and wire-
less cables, and telecommunication masts. The next cat-
egory is obtained from all kinds of household appliances,
such as televisions, vacuum cleaners, hair dryers, electric
shavers, microwave ovens and electric mattresses, elec-
tric sewing machines, or a group created from industrial
appliances and equipment, for example, elevators, gen-
erators, and radar. Or, they are natural sources that gener-
ate electromagnetic waves, such as lightning, ultraviolet
rays, gamma and X rays, infrared waves, cosmic rays,
rays released from solar explosions, and so on.

Electromagnetic waves are classified based on the in-
tensity of the field, which varies depending on the dose
and intensity of the EMF in its generating devices based
on the determination of the type of source generating
the field and the intensity of the electric current [1, 2].
With the significant increase in the use of emerging and
computer-related technologies, which are all generators
of electromagnetic waves worldwide, we should expect
more reports about the occurrence of destructive and
harmful effects of EMF and possible damage to impor-
tant body organs and the creation of new unknown dis-
eases in human societies, including the destructive effect
of electromagnetic waves in the reproductive organs,
which has caused an increase in infertility and sterility in
recent years. In the prostate tissue, the destructive effect
of the waves destroys the nuclear membrane and cellular
organs and causes infertility [3]. In the daily life of so-
ciety, it is not possible to avoid electromagnetic waves,
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and in recent years, histological and physiological studies
regarding the evaluation of the effects of electromagnetic
waves and their role in human health have received more
attention [4]. In recent studies, electromagnetic waves
have played a role in creating a wide range of somatic ab-
normalities, including infertility, miscarriage, premature
births, intrauterine growth retardation and defects, con-
genital abnormalities, genetic diseases [5], along with di-
gestive disorders, leukemia-cancers and changes in blood
formula, and enzyme changes in vital tissues [6]. Also,
many studies have been conducted on the harmful effects
of EMF on cardiovascular nervous tissues [1].

The results of the researchers’ study on the effect of
EMF on the kidney tissue in rats also showed that it
causes pathological changes in the kidney tissue and leads
to oxidative stress while decreasing the levels of antioxi-
dant enzymes [7]. Harmful effects of EMF of natural or
industrial origin on the morphology, physiology, and bio-
chemistry of living tissues have been described, and its
effects on health depend on duration and dose [8]. Given
the importance of the urogenital system in the present
study, we investigate the possible effects of electromag-
netic waves on the urinary system (kidney, bladder, and
urethra) in rats.

Materials and Methods

In this fundamental and experimental research, a total
of 100 adults Wistar rats with an approximate average
weight of 200 g were randomly selected from the animal
house of Tabriz University of Medical Sciences. In this
study, all ethical considerations and protocols for working
on laboratory animals were approved by the Ethics Com-
mittee for the rights of laboratory animals at the research
center of Tabriz University of Medical Sciences. After
the mice were transferred to the laboratory, they were kept
in cages for one week to adapt to the new environment.
The conditions of keeping the rats (experimental and con-
trol) were the same during the maintenance and testing,
and the food used by them was placed in containers in-
side the cage. Along with that, the required drinking water
was also provided from a bottle by sucking from the glass
tubes. The inside of the cages was covered with sawdust
to provide a suitable substrate for the rats to live, and
during the research, they had 12 hours of darkness and
12 hours of light. The temperature of the storage room
was in the range of 23.9°C to 25.3°C and the humidity
was measured at 55% to 60%. Meanwhile, 20 grams of
ready-made food (plate) was considered for each rat twice
daily in the morning and evening. The rats were randomly
divided into 2 groups of 50, including Group A (experi-
mental group) and Group B (control group) as follows:
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group A (experimental group) included 50 rats that were
randomly selected and placed in the generating device of
EMEF. All the rats in the experimental group were exposed
to EMF with an intensity of 1 mT for 8 hours daily for
2 months. The control group, including 50 randomly se-
lected rats were kept without radiation for 2 months [1, 9].
The EMF device consisted of 2 parts as follows: in the first
part, 2 copper coils were replaced at a distance of about 50
cm from each other, and the distance between them was
a wooden cylinder that was the location of the tested rats’
cage; the second part of the EMF generator was a trans-
former that showed the input and output of electricity,
voltage, and the current intensity of the generator while
making it adjustable. After the end of the eighth week of
the experiment (2 months), all 100 rats in the control and
experimental groups were killed via the euthanized meth-
od, and by moving the neck vertebra and later, kidney,
bladder, and urethra samples were taken [10]. At first, the
samples were fixed in 10% buffered formalin for light
microscope study and tissue passage in the autotechnicon
machine. The cutting was done by 5-micron sections with
a microtome and the microscopic sections were prepared
and stained with hematoxylin and eosin for bladder and
ureter and special staining with the terminal deoxynucleo-
tidyl transferase (TdT) nick end labeling (TUNEL) kit for
the kidney. Next, the following procedure was performed:
1) paraffinization of the tissue sections in pure xylene; 2)
placing the paraffinized tissue sections in a microwave
with a power of 700 W for 10 minutes; 3) A: incubation
of the tissue sections in phosphate buffer, B: incubation
of the tissue sections for 60 minutes at 37°C; 4) washing
the tissue sections 3 times in phosphate buffer; 5) incuba-
tion of tissue sections in antiflourescein-pad for 30 min;
6) washing the tissue sections 3 times in phosphate buffer;
7) staining the tissue sections with diaminobenzidine; and
8) differential staining with hematoxylin staining. Finally,
we examined the microscopic observations and related
images along with their results [11].

Table 1. The percentage of severity and extent of lesions
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The Mann-Whitney test was used to analyze the data using
the SPSS software at a significance level of less than 0.05.

Results

Test Group A: In the bladder and ureter, after tissue stain-
ing in terms of observation and the presence of important tis-
sue lesions, such as necrosis, atrophy, the creation of empty
spaces, and hyperemia and bleeding, and in the kidney of
apoptosis induction, the test group compared to the control
group was examined in terms of pathology based on the cri-
teria mentioned in Table 1 [12, 13].

The statistical results of the P in kidney, bladder, and
ureter cell lesions were as follows: 1) necrosis: P<0.05; 2)
atrophy: P<0.05; 3) hyperemia and hemorrhage: P<0.05;
4) creation of space: P<0.05; 5) induction of apoptosis:
P<0.05 (Table 2).

The results showed that the effects of EMF waves are
significantly related to changes in cell damage from the
histopathological point of view and induction of apoptosis
in the experimental group compared to the control group.

In the control group, from the observation of a micro-
scopic sample of nephrons, bladder, and ureter in this
group along with the examination of epithelial cells,
smooth and striated muscles, connective tissue, and endo-
thelial cells of blood vessels was normal and the distance
between cells, nucleus, and cytoplasm and their walls was
clear and no cell damage was visible (Figure 1).

However, in the experimental group, the results were as
follows:

A) In kidney nephrons, to investigate the apoptosis of
nephron cells in the kidney, with specific TUNEL stain-
ing in the nephron tubules and Henle loop, pale brown
nuclei were observed. They all underwent apoptosis in-

lesions in the tissues Percent
No lesion 0
Mild cell damage(presence of less than 25% lesions) 1
Moderate cell damage (presence of 25-50% of the lesions) 2
Severe cell damage severity (presence of extensive focal lesions) 3
Very severe cell damage (presence of integrated lesions) 4

uarterly of
he Horizon of Medical Sciences
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Table 2. The effect of electromagnetic waves on tissue damage of kidney, bladder, and ureter in rats

Group Tissue Atrophy Hyperemia and Bleeding Necrosis Creating Empty Space  Apoptosis
Bladder - - - _
Control Ureter - - - -
Kidney
Bladder +++ +++ T+ o+
Experiment Ureter +++ +++ +++ +++
Kidney F+
uarterly of
he Horizon of Medical Sciences

Notes: The sign (-) indicates no damage and (+++) indicates severe damage [13].

duction, and in some parts of the tubes, even the cells in
a more advanced state without nuclei were seen, which
were necrotic. Meanwhile, in the direct vessels, bleeding
was evident in some parts because of the damage to the
endothelium membrane (Figure 2).

B) In the covering tissue of the bladder, the creation of
empty spaces was associated with the loss of the basal
membrane layer under the covering layer and the necrosis
of the muscle and covering cells along with the disorder
of the bladder tissue (Figure 3 and Figure 4).

The basal layer of the membrane was destroyed under
the covering layer and a fusion in the tissue and tissue dis-

uarterly of

he Horizon of Medical Sciences
Figure 1. Notes: 400 Hematoxylin and eosin from the observation
of the microscopic sample from the bladder of the control group
and the examination of the cells seemed completely normal, and
the interval between the cells was the nucleus and cytoplasm and

the certain walls.

order (between the covering layer and the underlying con-
nective layer). In addition, hyperchromatic nuclei, atro-
phy and vacuolation, degeneration, and cell necrosis were
seen. In the covering cells and the muscle layer under the
joint and more advanced state, cellular atrophy and even
empty space are created in the muscle tissue, which is
accompanied by the pyknosis of the nuclei and in some
cases, the creation of spaces in the muscle tissue, which
was seen with extensive necrosis (Figure 5 and Figure 6).

C) In terms of the ureter, in the epidermal layer, parts of
the basal membrane layer under the epidermal layer were
destroyed and atrophy and cell degeneration along with hy-
perchromatic nuclei and necrosis of the epidermal cells and

uarterly of

he Horizon of Medical Sciences

Figure 2. Notes: 400 TUNELL from observations of microscopic
samples from the kidney in the experiment group, cells observed
in thin and thick tubules, nephron tubules, Henle loop, etc., which
have undergone apoptosis, which is all evident with pale brown
nuclei and the parts of the said tubes that were seen without a
nucleus are due to the occurrence of necrosis in them, which is
associated with bleeding in some parts.
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Figure 3. Notes: 400 H&E from the observations of the micro-
scopic sample from the bladder of the experimental group, the cre-
ation of empty spaces in the tissue and the destruction of the basal
membrane layer under the covering layer, and the necrosis of the
muscle and covering cells with tissue irregularity in the bladder
was evident.

irregularity was observed. In the underlying layer, the epider-
mal tissue and empty spaces were created and tissue fusion
with interstitial tissue irregularity and underlying tissue, along
with their cell atrophy and necrosis, created empty spaces in
smooth muscles and cell necrosis were seen (Figure 7).

Discussion

Field ionizing radiation or EMF waves can have destruc-
tive effects on the health of humans. The results of the stud-

uarterly of
he Horizon of Medical Sciences

Figure 5. Notes: 400 H&E from the observations of the mi-
croscopic sample from the bladder of the experiment group,
cell necrosis, and hyperchromatic, the nuclei and empty
spaces created in the smooth muscles were evident in the
bladder.

April 2022. Vol 28. Issue 2
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Figure 4. Notes: 400 H&E from the observation of the micro-
scopic sample from the bladder of the experiment group, the basal
layer of the membrane under the covering layer was destroyed,
and a fusion in the tissue and tissue irregularity was seen (between
the covering layer and the underlying connective layer) with ne-
crosis and degeneration and cell necrosis is visible in the bladder.

ies conducted in rats from the histopathological point of
view showed the following items in the selected sections:

A) In Kidney Tissue: With special TUNEL staining, to
observe the rate of apoptosis in the kidney tissue in the
cells of the nephron tube and the Henle loop, and so on,
with pale brown nuclei in which apoptosis was induced
and in parts of the tubes in the central part, all cells were
in a more advanced state without nuclei that they had cell

uarterly of
he Horizon of Medical Sciences

Figure 6. Notes: 400 H&E from the observations of the micro-
scopic sample from the bladder of the hyperemic test group shows
the disintegration of the basal layer of the membrane in the vascu-
lar membrane and necrosis of the muscle and epithelial cells with
the irregularity of the tissue and the crushing of the nuclei and the
reduction of cell layers in the covering tissue of the bladder.

Gharachorloo SH, et al. Histopathological Study of Urinary Tract and Induction. HMS. 2022; 28(2):264-279
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Figure 7. Notes: 400 H&E from the observations of the micro-

scopic sample of the ureter in the experimental group, in parts of
the tissue irregularity and empty spaces created in the connective
and muscular layer, with atrophy and degeneration of the cells of
the covering layer and necrosis and hyperchromatic nuclei were
evident in the ureter.

degeneration, necrosis, and bleeding in direct vessels in
some parts of the tissue.

B) In the Tissue of the Bladder and Ureter: Cell dam-
age includes the following items: the basal layer of the
membrane, which is located under the covering layer
of the bladder and ureter in the endothelium membrane
of the vessels, is damaged and destroyed in some parts,
and in the muscle, connective, and covering parts, most
of the cells in its different layers undergo degeneration
and crushing. Meanwhile, cell necrosis of the tissue can
be seen with tissue irregularity and the creation of empty
spaces under the covering layer and connective tissue. In
research conducted from 1982 to the last decade, the ef-
fect of free radicals in tissue damage following exposure
to electromagnetic waves has been proven in laboratory
models [14-16].

In the conducted studies, the harmful effects of EMF
waves on the process of spermatogenesis in rats have
been reported, including the study of Erpek et al., which
investigated the adverse effects of EMF. They showed the
adverse effects of EMF on the reproductive organs of rats
and necrosis in different layers of spermatogenesis cells
and severe degenerative changes in the seminiferous duct
[8]. The research by Kalender et al. showed the destruc-
tive effects of EMF waves on the process of spermatogen-
esis in rats. Erpek’s study showed that electromagnetic
waves increase blood flow and vascular hyperemia and
finally cell death necrosis by another mechanism, namely
by increasing the temperature (hyperthermia). There are

Internal Medicine Today

also studies conducted in the field of apoptosis induction.
The effect of EMF waves on cells is different from the
discussion of conductive and non-conductive tissues rela-
tive to the permeability of EMF waves. The heat effect
mechanism under the influence of EMF waves plays a
role in causing apoptosis inside the cells [18, 19]. The
second mechanism in the induction of apoptosis includes
the effects of EMF waves specifically with the produc-
tion of H202 and free radicals, especially the O radical,
which is caused by the energy contained in these waves
and its effect on intracellular water and the penetration of
these free radicals into DNA and the induction of the P53
gene. As a result, it is the cause of apoptosis induction
in the cell. This mechanism is the non-thermal pathway
of apoptosis induction [20]. In a report in the bulletin of
the World Health Organization, the study of the effects of
these fields was recorded. Accordingly, EMF with rease
in blood flow and a change in the permeability of the
blood barrier layer in the vessels; therefore, hyperemia
and tissue edema can be justified in this way [21].

In the studies conducted from the histopathological
point of view by Khaki et al. on the issue of the effect
of EMF waves on the prostate in the rat from the point
of view of light and electron microscopy, in which atro-
phy and hyperchromatic nuclei and cell necrosis in the
secretory cells and muscle layer and the connective tissue
of the prostate glands and with the decrease in the thick-
ness of the muscle layer, the loss of the basal layer of the
membrane, especially in the blood vessels and bleeding
in the prostate tissue was reported [3]. Regarding the ef-
fect of EMF waves on the testicular tissue from the light
microscope point of view, atrophy and the connective
layer of the testicular tissue and hyperchromatic nuclei
and their necrosis, the reduction of the thickness of the
connective layer and the loss of layers of spermatid cells
in the testicular tissue were determined [ 14]. Khayat et al.
conducted a study on the effect of EMF waves on kidney
tissue from the perspective of histopathological effects in
rats [22]. Tured:i et al. conducted a study on the biochemi-
cal and pathological changes in the kidney and bladder
under the influence of 900 MHz electromagnetic waves
on male rats [23]. These two studies reported severe histo-
pathological changes of edema, hyperemia, hemorrhage,
and congestion of venous vessels in the main tissue and
atrophy of glomeruli and vacuolation and degeneration
and necrosis of epithelial cells in renal tubules. In addi-
tion, the basal membrane layer in parts around the blood
vessel is removed and accompanied by discontinuities in
the vascular endothelial cell layers, as well as the creation
of empty spaces in the bladder tissue and cell necrosis in
the muscle and connective and covering parts of the tissue
with tissue irregularity and the creation of empty spac-
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es under the covering and connective layer and muscle
and induction of apoptosis in bladder and kidney tissues
in rats. The results obtained in the present research are
consistent with other studies about the harmful effects of
EMF waves in different tissues and cells.

It is suggested to conduct additional and more detailed
studies to examine the additional results of the effects of
EMEF waves and the effects.

Conclusion

EMF waves are high-energy and common waves that
can be sporadically present in our daily environment and
cause serious damage to cells and vital tissues. Even the
results and cellular changes in the microscopic images
were undeniably observed in the kidney, bladder, and so
on. Accordingly, it is recommended to avoid sources of
radiation of these waves as much as possible to maintain
health [17-24].
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1. Electromagnetic Field (EMF)
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2. Seminiferous duct

5y 9 ot 75 el 55 b 53 595g) 5055165 S35 gih i 0 551192153 oot



http://imtj.gmu.ac.ir/index.php?slc_lang=fa&sid=1
https://www.who.int/

L

Y ol YA 0,90 VF) L

B90¢ Qi 5 532 595 9 (S95 1 pl (S5l st

) OgedlsSly o Lo yeglS (99551 5 (ol dly o (S palow
3l (ool Sl olStsls chmgsy Ciglas 5l (S abn g SoelS sy o Jbiial ladsbes 39,55 5 gl 350 9
S o 0B S5 JoColem s lacend 3 e S &Y o pedle ais,S )55 1,
P eSS g o aidy s § Fe S, Sl

bl’q“ lg | 0392 o|)4.b 633)‘ JL:.lSjA.:‘ g515l“’ ‘5LM;“Y

(slo i > gk 955 3 a2l 15 J Slalisd ey

il g (Dhae g gainan g iy Y pj 5 (JU- slalas

2l s, BTy s alS o alie slacil ) 5eta

el oy o3 8 o)y s Slalllas b yol> Guios

515 Sy o il gl sl s Lol )  sulolineg 2SI

R LL A

45 it (ol g (555 glyel (oualolinog Sl gl
s g 05Ty g0ty aiilgi ga Lo 0059, (S5 Jauee
92 slocan! Sl slacdl 5 sl g3, » 5 ol
(s29%w,5ee gl 53 ok i g mlis (1> 0S8 g
b ooaline 0508 5 dilie 9 4lS (59 p LS O g0 55
Yl st 95 (adls L S 09800 drogs (nlnlis
39 g0 Sloiday 9 (590 9 Ll Elael cnl (2 @il
Ol el g guerlblising iUl lgal ol 3 LeaSS gl (g2 512
318 O y50 (5,508 55588 5 (JuoST Slalllae ] alol>

VRN

BEles] Sl L IS Jaall s ol dnlline
S Shppele olSails g 5,5 axly godhul o5l olSitils
b ol

oladls (5 )glid g (Sapg Ciglan (Jlo cole by g}y ol
4 pla! 33 5 0y gDkl

29155 190,971,8 plged 1 )l 5 (ol g, es 3o oo
Jelosgar 25 1 S ol g lis2l,3 el sledlll
G eyt i e el talipee dre dmosl

S g Aot il g 9 (shol i e

35 gdlin o5 Alie oyl F iy a3l

5y 9 oo 55U el 55 b 535 5958] 55 5 165D S35l g i 50 95192153 oot



http://imtj.gmu.ac.ir/index.php?slc_lang=fa&sid=1
https://en.tbzmed.ac.ir/
https://iaut.education/
https://iaut.education/
https://iaut.education/
https://iaut.education/
https://iaut.education/

Internal Medicine Today

References

[1] Hanafy LK, Karam SH, Saleh A. The adverse effects of mobile phone
radiation on some visceral organs. Research Journal of Medicine and
Medical Sciences. 2010; 5(1):95-9. [Link]

[2] Koren G. Exposure to electromagnetic fields during pregnancy. Ca-
nadian Family Physician. 2003; 49(2):151. [Link]

[3] Khaki AA, Khaki A, Gharachour LS, Khourshidi F, Taj An, Madinei N.
Pre and post natal exposure of 50 Hz electromagnetic fields on pros-
tate glands of rats: An electron microscopy study. Iranian Journal of
Reproductive Medicine. 2008; 6(2):77-82. [Link]

[4] Regel SJ, Tinguely G, Schuderer J, Adam M, Kuster N, Landolt HP,
et al. Pulsed radio-frequency electromagnetic fields: Dose-depend-
ent effects on sleep, the sleep EEG and cognitive performance.
Journal of Sleep Research. 2007; 16(3):253-8. [DOI:10.1111/j.1365-
2869.2007.00603.x] [PMID]

[5] Schlote T, Kadner G, Freudenthaler N. Marked reduction and dis-
tinct patterns of eye blinking in patients with moderately dry eyes
during video display terminal use. Graefe’s Archive for Clinical and
Experimental Ophthalmology. 2004; 242(4):306-12. [PMID]

[6] Bayazit V. Evaluation of potential carcinogenic effects of electro-
magnetic fields (EMF) on tissue and organs. Australian Journal of
Basic and Applied Sciences. 2009; 3(2):1043-59. [Link]

[7] Odaci E, Unal D, Mercantepe T, Topal Z, Hanci H, Tiiredi S, et al. Path-
ological effects of prenatal exposure to a 900 MHz electromagnetic
field on the 21-day-old male rat kidney. Biotechnic & Histochemistry.
2015; 90(2):93-101. [DOI:10.3109/10520295.2014.947322] [PMID]

[8] Erpek S, Bilgin MD, Dikicioglu E, Karul A. The effects of low frequen-
cy electric field in rat testis. Revue de médecine vétérinaire. 2007;
158(4):206-12. [Link]

[9] Lerchl A, Kriger H, Niehaus M, Streckert JR, Bitz AK, Hansen V. Ef-
fects of mobile phone electromagnetic fields at nonthermal SAR
values on melatonin and body weight of Djungarian hamsters (Pho-
dopus sungorus). Journal of Pineal Research. 2008; 44(3):267-72.
[DOI:10.1111/j.1600-079X.2007.00522.x] [PMID]

[10] Bagi CM, Berryman E, Moalli MR. Comparative bone anatomy of
commonly used laboratory animals: Implications for drug discovery.
Comparative Medicine. 2011; 61(1):76-85. [PMID]

[11] Bancroft JD, Stevens A. Theory and practice of histological tech-
niques. London: Churchill Livingstone; 2008. [Link]

[12] Eidi A, Eidi M, Al-Ebrahim M, Rohani AH, Mortazavi P. Protective
effects of sodium molybdate on carbon tetrachloride-induced hepa-
totoxicity in rats. Journal of Trace Elements in Medicine and Biology.
2011; 25(1):67-71. [PMID]

[13] Sharma P, Singh D, Dixit J, Singh MK, Kumar N. Histological grading
systems of epithelial dysplasia & squamous cell carcinoma. Journal
of Oral Medicine, Oral Surgery, Oral Pathology and Oral Radiology.
2015; 1(1):7-20. [Link]

[14] Oktem F, Ozguner F, Mollaoglu H, Koyu A, Uz E. Oxidative damage
in the kidney induced by 900-MHz-emitted mobile phone: Protec-
tion by melatonin. Archives of Medical Research. 2005; 36(4):350-5.
[DOI:10.1016/j.arcmed.2005.03.021] [PMID]

[15] Khaki A, Tubbs R, Shoja MM, Rad J, Khaki A, Farahani R, et al. The
effects of an electromagnetic field on the boundary tissue of the
seminiferous tubules of the rat: A light and transmission electron mi-
croscope study. Folia Morphologica. 2006; 65(3):188-94. [Link]

April 2022. Vol 28. Issue 2

[16] Loscher W. Do cocarcinogenic effects of ELF electromagnetic fields
require repeated long-term interaction with carcinogens? Character-
istics of positive studies using the DMBA breast cancer model in rats.
Bioelectromagnetics. 2001; 22(8):603-14. [DOI:10.1002/bem.90]
[PMID]

[17] International Commission on Non-lonizing Radiation Protection
(ICNIRP). Guidelines for limiting exposure to time-varying elec-
tric and magnetic fields (1 Hz to 100 kHz). Health Physics. 2010;
99(6):818-36. [DOI:10.1097/HP.0b013e3181f06c86] [PMID]

[18] Topal Z, Hanci H, Mercantepe T, Erol HS, KELES ON, Kaya H, et al.
The effects of prenatal long-duration exposure to 900-MHz electro-
magnetic field on the 21-day-old newborn male rat liver. Turkish
Journal of Medical Sciences. 2015; 45(2):291-7. [DOI:10.3906/sag-
1404-168] [PMID]

[19] Nandi AK, Samanta S, Maity S, Sen IK, Khatua S, Devi KS, et al. Anti-
oxidant and immunostimulant B-glucan from edible mushroom Rus-
sula albonigra (Krombh.) Fr. Carbohydrate Polymers. 2014; 99:774-
82.[DOI:10.1016/j.carbpol.2013.09.016] [PMID]

[20] Sinha Hikim AP, Swerdloff RS. Hormonal and genetic control of
germ cell apoptosis in the testis. Reviews of Reproduction. 1999;
4(1):38-47. [DOI:10.1530/ror.0.0040038] [PMID]

[21] Tenorio BM, lJimenez GC, Morais RN, Torres SM, Albuquerque
Nogueira R, Silva Junior VA. Testicular development evaluation in
rats exposed to 60 Hz and 1 mT electromagnetic field. Journal of Ap-
plied Toxicology. 2011; 31(3):223-30. [PMID]

[22] Khayyat LI. The histopathological effects of an electromagnetic
field on the kidney and testis of mice. EurAsian Journal of BioScienc-
es. 2011; 5:103-9. [Link]

[23] Tiredi S, Kerimoglu G, Mercantepe T, Odaci E. Biochemical and
pathological changes in the male rat kidney and bladder following
exposure to continuous 900-MHz electromagnetic field on post-
natal days 22-59. International Journal of Radiation Biology. 2017;
93(9):990-9. [PMID]

[24] Tenuzzo B, Chionna A, Panzarini E, Lanubile R, Tarantino P, Jeso BD,
et al. Biological effects of 6 mT static magnetic fields: A comparative
study in different cell types. Bioelectromagnetics: Journal of the Bio-
electromagnetics Society, The Society for Physical Regulation in Biol-
ogy and Medicine, The European Bioelectromagnetics Association.
2006;27(7):560-77. [DOI:10.1002/bem.20252] [PMID]

Gharachorloo SH, et al. Histopathological Study of Urinary Tract and Induction. HMS. 2022; 28(2):264-279

278



http://imtj.gmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://scholar.google.com/scholar?q=Hanafy+LK,+Karam+SH,+Saleh+A.+The+adverse+effects+of+mobile+phone+radiation+on+some+visceral+organs.+Research+Journal+of+Medicine+and+Medical+Sciences.+2010%3B+5(1):95-9.&hl=en&as_sdt=0,5
https://www.cfp.ca/content/49/2/151.short
https://tspace.library.utoronto.ca/bitstream/1807/61868/1/rm08013.pdf
https://doi.org/10.1111/j.1365-2869.2007.00603.x
https://doi.org/10.1111/j.1365-2869.2007.00603.x
https://www.ncbi.nlm.nih.gov/pubmed/17716273
https://www.ncbi.nlm.nih.gov/pubmed/14747951
http://www.ajbasweb.com/old/ajbas/2009/1043-1059.pdf
https://doi.org/10.3109/10520295.2014.947322
https://www.ncbi.nlm.nih.gov/pubmed/25158858
https://www.researchgate.net/publication/228862477_The_effects_of_low_frequency_electric_field_in_rat_testis
https://doi.org/10.1111/j.1600-079X.2007.00522.x
https://www.ncbi.nlm.nih.gov/pubmed/18339122
https://pubmed.ncbi.nlm.nih.gov/21819685/
https://www.google.com/books/edition/Theory_and_Practice_of_Histological_Tech/Dhn2KispfdQC?hl=en&gbpv=0
https://www.ncbi.nlm.nih.gov/pubmed/21277181
https://d1wqtxts1xzle7.cloudfront.net/38734716/JOOO_11_7-20-libre.pdf?1441963464=&response-content-disposition=inline%3B+filename%3DHISTOLOGICAL_GRADING_SYSTEMS_OF_EPITHELI.pdf&Expires=1682927536&Signature=CALoVGcMmrmLVVE8pn~PlcwaOu2KoeLJ7HVeNLz97ft6XUHDbbb8B3hgUxUd8ssMG6nBXqvK7rHlXWDJkYU-L1sK10V-KKutKM3CkWZr1n5dvuYnbVpMhOuKE7kx762hMFvo09eWW1crJ-rUj8SiW43kJG4fG5r~8aIzkB8CM9oxWLyJHis2PiWX6ewUSlHKf6ufg8RgcxoDTFsqlxcffj7EQmKOV8rIZlxBOARiUaPHqJzYCEBWGhgIu2YpEE37sSgBWZ-2Suc23ViD-jlJuD9774ljBacJIBMP6EAHxmdepUeLsHHpOyc9rsRwRwxhLtH3qQDXHbWKOZka3qD6lg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/j.arcmed.2005.03.021
https://www.ncbi.nlm.nih.gov/pubmed/15950073
https://journals.viamedica.pl/folia_morphologica/article/view/16081
https://doi.org/10.1002/bem.90
https://www.ncbi.nlm.nih.gov/pubmed/11748679
https://doi.org/10.1097/HP.0b013e3181f06c86
https://www.ncbi.nlm.nih.gov/pubmed/21068601
https://doi.org/10.3906/sag-1404-168
https://doi.org/10.3906/sag-1404-168
https://www.ncbi.nlm.nih.gov/pubmed/26084117
https://doi.org/10.1016/j.carbpol.2013.09.016
https://www.ncbi.nlm.nih.gov/pubmed/24274569
https://doi.org/10.1530/ror.0.0040038
https://www.ncbi.nlm.nih.gov/pubmed/10051101
https://www.ncbi.nlm.nih.gov/pubmed/20936650
https://www.researchgate.net/profile/Latifa-Khayyat/publication/216726191_The_histopathological_effects_of_an_electromagnetic_field_on_the_kidney_and_testis_of_mice/links/0f4265962a926fd473002fbf/The-histopathological-effects-of-an-electromagnetic-field-on-the-kidney-and-testis-of-mice.pdf
https://www.ncbi.nlm.nih.gov/pubmed/28747141
https://doi.org/10.1002/bem.20252
https://www.ncbi.nlm.nih.gov/pubmed/16724329

This Page Intentionally Left Blank



