Saudi Journal of Biological Sciences 28 (2021) 2933-2942

agesudloldl
King Saud University

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect.com

Contents lists available at ScienceDirect

algall plal djageull Agagall
SAUDI BIOLOGICAL SOCIETY|

Original article

Hematobiochemical and histopathological alterations of kidney and )

Check for

testis due to exposure of 4G cell phone radiation in mice

Imam Hasan®?, Tanjina Amin®, Md. Rafiqul Alam ¢, Mohammad Rafiqul Islam **

2 Department of Anatomy and Histology, Faculty of Veterinary Science, Bangladesh Agricultural University, Mymensingh 2202, Bangladesh
b Department of Anatomy and Histology, Faculty of Veterinary Medicine & Animal Science, Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur 1706, Bangladesh
¢ Department of Surgery and Obstetrics, Faculty of Veterinary Science, Bangladesh Agricultural University, Mymensingh 2202, Bangladesh

ARTICLE INFO

Article history:

Received 24 December 2020
Revised 6 February 2021
Accepted 7 February 2021
Available online 17 February 2021

Keywords:

Mobile phone radiation
Haematology

Serum creatinine
Kidney

Testis

ABSTRACT

The radiofrequency electromagnetic radiation emitted by smart phones on biological systems has wide
media coverage and public concern in recent years. The aim of this study was to explore the effects of
fourth-generation cell phone radiation exposure on hematological (Total leukocyte count, Total erythro-
cyte count, and hemoglobin %), biochemical (Serum creatinine) parameters, and histopathological
changes in the kidney and testis of Swiss albino mice. A total of 30 male Swiss albino mice weighing
45-65 g was randomly divided into three groups (n = 10). The first group A was the control group, the
second group B, was exposed to 40 minutes of mobile phone radiation daily, the third group C was
exposed to 60 minutes of radiation daily from two 2400 Megahertz fourth-generation connected mobile
phones for 60 days, respectively. The electromagnetic radiation frequency radiometer measured the fre-
quency of electromagnetic radiation emitted from cell phones. The specific absorption rate was calcu-
lated as 0.087 W/kg. The control group was kept under similar conditions, but the electromagnetic
field was not given for the same period. All the mice were sacrificed at the end of the experiment. The
blood samples were collected for hematobiochemical study, and then kidney and testis tissues were col-
lected for histopathological study. Results of the study showed that the body weight and total erythrocyte
count values were significantly (p < 0.05) decreased while total leukocyte count, hemoglobin %, and
serum creatinine values were significantly (p < 0.05) increased in both the radiation exposure groups rel-
ative to the control group. Histopathological observation showed the kidney of 60 minutes exposed mice
interstitial inflammation that causes marked mononuclear cellular infiltration compared to the 40 min-
utes and control mice. Compared to control mice, histopathological examinations of testicular tissue from
the exposed mice, showed irregular in shapes and non-uniform sizes and fewer spermatogenic cells layer
that leads to the larger lumen in the seminiferous tubules. It is concluded that fourth-generation cell
phone radiation exposure may affect blood hemostasis and inflammation of mice’s kidney and testis tis-
sue. Based on these studies, it is important to increase public consciousness of potential adverse effects of
mobile phone radiofrequency electromagnetic radiation exposure.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Mobile phone use has dramatically increased over the last dec-
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terious effects on human beings (Azab, 2017; Elmas, 2016). At pre-
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wireless communication technology (2200-2400 Megahertz (MHz))
that offer a very high Internet speed. The adverse effects of EMF are a
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global public concern at present. Numerous adverse effects of cell
phone use have been reported on different body organs such as
the brain (Hardell et al., 2011; Kesari et al., 2011), ear (Colletti
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et al,, 2011), and reproductive organs (Erogul et al., 2006; Falzone
etal,, 2011; Khillare and Behari, 1998). Many other studies have con-
firmed that the electromagnetic frequencies from mobile phone can
cause numerous deleterious effects on molecular and cellular levels,
such as DNA injury, various forms of cancer, oxidative stress, lipid
peroxidation, increased free radicals, and chromosomal abnormali-
ties (Akdag et al., 2016; Cam and Seyhan, 2012; Chauhan et al,,
2017; Dasdag et al., 2015; Deshmukh et al., 2013; Megha et al,,
2015). Blood parameters are the most significant way of assessing
the state of health of animal models (Alghamdi and EI-Ghazaly,
2012). EMF exposure from cell phones to humans contributes to
reduced blood cells and an imbalance in plasma enzymes
(Alghamdi and EI-Ghazaly, 2012; Hasan and Issmer, 2014). In animal
studies, long-term exposures to EMF can have detrimental effects on
the liver, blood cells, and other activities. Hoverer, varying degrees of
EMF have a conflicting influence on the blood and blood formation in
animals (Sani et al., 2018; Usman et al., 2011). The impact of EMF in
rats causes decreased hemoglobin oxygen-binding capacity; i.e.,
hypoxia does not exclude kidney damage contributions. It also has
to be supposed that radiation influences hematopoiesis in the blood
and bone marrow in the animals (Singh et al., 2004).

EMF has many biochemical consequences, such as the degrada-
tion of large cell molecules and ionic equilibrium imbalances. EMF
exposure is associated with increased amounts of reactive oxygen
species (ROS) formation (Kivrak et al., 2017). These ROS may cause
injury to cellular constituents, including lipids, proteins, and DNA.
Free radical generation may happen in various ways, such as UV
light, immune response, radioactivity, stress, cigarettes, and phys-
iological redox (Okano, 2008). It has been shown that electromag-
netic radiation influences their impact on living organisms by
producing or rising ROS. ROS leads to various physiological influ-
ences, such as DNA damage. Exposure to cell phone radiation
oxidative stress (OS) has been increased in hematopoietic sites
(Moustafa et al., 2001). The kidneys could absorb EMF from 900-
MHz cell phones as, most of the time, they are carried by the belt
(Oktem et al., 2005). Current concerns on mobile phone exposure
are mainly focused on the kidney and testis. Because the mobile
phone is usually kept in a pocket that is very close to the urogenital
organ. The 2400 MHz 4G radiofrequency electromagnetic radiation
(RF-EMR) has been exposed to male mice over a long period in this
study.

The exposure of wireless electromagnetic radiation may injure
both the hepatic, renal, and splenic tissues. Hasan and Islam
(2020) reported that mononuclear cellular aggregates surrounding
the bile duct and hepatic artery with congestion in the portal vein
and the central vein of the liver after daily exposure of 4G con-
nected 2400 MHz mobile phone radiation to mice whole-body
for a month. With EMF exposure time, the amount of harm
increased. The extent of potential harm expanded with the dura-
tion of EMF exposure (Lee et al., 2010).

Studies show that exposure to toxic chemicals, ionizing radia-
tion, radiofrequency (RF) radiation, and other environmental nui-
sances are mainly related to male infertility (Bin-Meferij and El-
Kott, 2015). In contrast, many studies have found that mobile
phones have harmful effects on the male reproductive system
(Kesari et al., 2011). EMF has probable harmful effects on male
reproductive functions, specially Leydig cells, seminiferous
tubules, and spermatozoa. The harmful effects of EMF on the male
reproductive system based on the wave frequency and duration of
exposure are the main factors (Kesari et al., 2011, 2010). Many
cross-sectional experiments have already shown that cellular
device usage may be related to semen quality, and increase cell
phone use may cause male infertility (Ozguner et al., 2005;
Pareek et al., 2005). (Lee et al. (2010) examined testicular histolog-
ical changes in rats exposed to 848.5 MHz radiofrequency radiation
(RFR) for 12 weeks. The possible adverse effects of mobile phone
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exposure on male fertility have been widely studied in the past
decade by several researchers who have documented notable
adverse effects of radiation on testis and seminal parameters,
including motility, concentration and changes in testicular mor-
phology, increased permeability of the blood-testis barrier,
decreased sperm count, and percent normal morphology
(Agarwal et al., 2008; Aitken et al., 2005; Fejes et al., 2005). Most
mobile phone users bring their mobile phone in their pant pocket
throughout the day that is very close to their genitals (Lavranos
et al., 2012). Experiment results evaluated to identify testicular
damages caused by low-intensity RF indicate contradictory find-
ings (Dasdag et al., 1999; Ozguner et al., 2005; Ribeiro et al.,
2007; Saunders and Kowalczuk, 1981; Yan et al., 2007). The leading
cause associated with these adverse consequences was increased
oxidative stress inside the reproductive organs (De Iluliis et al.,
2009; Kesari et al., 2010; Mailankot et al., 2009; Naziroglu et al.,
2013; Qin et al., 2012). There has been a marked decrease in male
fertility (Sepehrimanesh et al., 2014; Yildirim et al., 2015). There-
fore, it is essential to evaluate the impact of RF-EMR on male fertil-
ity more reliably because men frequently carry mobile phones in
their pockets, which is close to their reproductive organs.

Much of the previous research had already been conducted
using second generation (2G) or third generation (3G) wireless
mobile radiation exposure causes many physiological changes;
however, no study has been undertaken using the 4G cell phone
radiation (2200-2400 MHz) exposure in animal model. Besides
this, mobile phone radiation can be consumed more by pelvic
organs, particularly the kidney and testis, than many other inner
organs. Therefore this experiment aimed to evaluate the impact
of a 4G cell phone radiation exposure on hematobiochemical and
possible histopathological effects on the kidney and testis of the
Swiss albino mice model.

2. Materials and methods
2.1. Statement of the experiment

The research work was conducted in the Department of Anat-
omy and Histology, Faculty of Veterinary Science, Bangladesh Agri-
cultural University, Mymensingh-2202, Bangladesh during the
period from August 2018 to December 2019 to assess the impacts
of 4G cell phone radiation on hematological (Total leukocyte count,
Total erythrocyte count, and hemoglobin %), biochemical (Serum
creatinine) parameters and histopathological changes in the kid-
ney and testis of Swiss albino mice.

2.2. Ethical approval

As per the standardized instruction, all of the animals received
human care. These research interventions have been permitted and
carried out in compliance with animal welfare recommendations
and use as defined by the Animal Welfare and Experimental Ethics
Committee, Bangladesh Agricultural University, Mymensingh, Ban-
gladesh (Protocol Number: AWEEC/BAU/2019-56).

2.3. Animals and experimental procedures

Swiss albino male mice (6 weeks old) (45 £ 65 g) have been
obtained from the International Center for Diarrheal Disease
Research (ICDDRB), Mohakhali, Dhaka. All the mice appeared to
have good health and lacked any visible deformities. In the
temperature-controlled environment, the mice were Kkept
52 cm x 36 cm x 25 cm in plastic cages. Daily diet and drink water
ad libitum were given. After one week of acclimatization, the mice
were haphazardly categorized into three equivalent groups; each
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group includes ten mice. The group named were A, B, and C. Indi-
vidual weights of all mice were documented before radiation expo-
sure. Among all of the three groups, group A has been considered
controlled without radiation exposure. Group B was exposed to
40 min of radiation, and group C was exposed to 60 min of radia-
tion from 4G cell phone connected handsets. Both experimental
and operational requirements were designed to comply with the
Care and Use of Laboratory Animals published by the U.S. National
Institutes of Health.

2.4. The electromagnetic radiation exposure system

Two 2400 Megahertz (MHz) 4G connected mobile phones (Hua-
wei GR5 2017) have been used for the generation of the radiofre-
quency electromagnetic radiation (RF-EMR) with different
duration of exposure every day for 60 days (2 months). The cell
phone with auto-answer mode was centrally installed on the roof
of the mice cage from the inside for unified radiation exposure dur-
ing the exposure time, trying to avoid contact with both animals
and phones (Kumar et al., 2009; Narayanan et al., 2009). At first,
we confirmed that there was no other source of electromagnetic
fields (EMF). The temperature and humidity of the exposure room
and the mouse cage were measured regularly during the RF-EMR
application using a digital thermometer. When the mice were
exposed to radiation, the frequency of RF-EMR emitted from cell
phones was first measured by the electromagnetic radiation fre-
quency radiometer (ED-78S Electrosmog frequency meter) in an
active call using 2400 MHz range and assure that radiation expo-
sure is uniformly distributed on the mice. The Specific absorption
rate (SAR) was calculated as 0.087 W/kg. When the exposure
begins, a call was made to the cell phone placed in the mice cage
by another 4G connected 2400 MHz mobile phone and kept in
answer mode for 40 and 60 min, respectively. During RF-EMR
exposure, the mobile phone was held in the loudspeaker mode.
Group B was exposed for 40 min per day hourly from 10.00 AM
to 10.40 AM; Group C was exposed for 60 min, from 10.00 AM to
11.00 AM per day. The control group A was placed away from
the radiofrequency source in the plastic cage. However, it was
not receiving any exposure to radiation. This is similar to the expo-
sure method used in previous studies for the 900-MHz RF-EMR
application (Bas et al., 2013; Keles et al., 2018; Odac et al., 2016;
Odaci et al., 2015). That whole exposure time has been continued
for two months.

2.5. Bodyweight

Each mouse’s body weight was weighed using a digital scale at
the beginning of the exposure to radiation and on the day of
sacrificing.

2.6. Hematological analysis

The blood samples were obtained by sacrificing the mice at the
end of the experiment. Approximately 1 ml of blood from the syr-
inge was collected for hematological tests in the test tube contain-
ing anticoagulant Ethylene diamine tetraacetic acid (EDTA). The
remaining amount of syringe blood has been used to obtain the
serum. The below hematological variables were tested using Sys-
mex automated CBC analyzers: Total erythrocyte count (TEC),
Hemoglobin (Hb) percentage (%), and Total leukocyte count (TLC).

2.7. Biochemical analysis
Approximately 2 ml of blood was obtained in a sterile glass test

tube. The blood containing syringe was held upright at room tem-
perature for 6 h. The tubes were then incubated in the refrigerator
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(4°C) overnight. Serum samples were isolated and centrifuged to
eliminate excess blood cells where possible. Serum samples were
deposited in the capped tube at —20°C for analysis of serum crea-
tinine by using a CS-T240 auto-chemistry analyzer.

2.8. Sample collection for gross and histological study

Following blood collection, the kidney and testis were obtained
for gross and histopathological inspection. Both kidneys and testis
of different groups of mice were collected for the gross study.
Parameters such as color and weight were taken into consideration
for gross observation. The weight of the kidney and testis in the
control group and the exposed group of mice were measured on
a graded scale. After gross examination, samples were stored in
10% formaldehyde for 48 h. After processing to make paraffin
blocks, 7 mm sections were cut using a rotary microtome (Leica
RM2135) and stained with Haematoxylin & Eosin (H & E) stain
for routine histological examination as per the proper procedure
described by the (Zare et al., 2007).

2.9. Statistical analysis

The statistical analysis has been carried out using Graph pad
prism software version 7.0 (GraphPad Software Inc., San Diego,
CA). For statistical analysis One-way ANOVA followed by Turkeys
Multiple Comparison Test was performed. A p-value <0.05 was
considered to be statistically significant. Data were expressed as
mean + standard error (mean + SEM).

3. Results
3.1. Effects on body weight

The mean body weight of mice in different groups has been pre-
sented in (Fig. 1A). The initial and final body weight of control mice
was 25.36 + 0.48 and 40.30 * 0.21 g, respectively. In 40- and 60-
minutes exposed mice, the mean body weight at the beginning
of exposure and the end of the experiment were 26.47 + 1.53,
28.74 + 1.67 and 27.66 £ 1.65, 31.49 * 0.89 g, respectively. After
the end of the exposure, the body weight was significantly
(p < 0.05) decreased in both exposed mice compared to the control
mice.

3.2. Effects on hematological and biochemical parameters

The effects of mobile phone radiations on different hematolog-
ical parameters, i.e., Total leukocyte count (TEC), Total erythrocyte
count (TLC), and hemoglobin percentage (Hb%) in mice, were pre-
sented in (Fig. 1B). In the control mice, the mean value of TEC, TLC
and Hb% were 7.23 + 0.08, 5.81 + 0.29 and 6.46 * 0.13. The values of
TLC and Hb% were increased significantly (p < 0.05) in 40 min (7.
06 +£0.13,7.13 £0.31) and 60 min (7.87 £0.22, 7.76 + 0.14) exposed
mice compared to the control mice. In comparison to the 40 min
exposed (6.70 = 0.13) and control (7.23 * 0.08) mice the values
of TEC decreased significantly (p < 0.05) in 60 min (6.15 £ 0.27)
exposed mice. The results of mobile phone radiations on Serum
creatinine in different groups of mice were presented in (Fig. 1C).
There was a significant increase (p < 0.05) in serum creatinine
value in 40 min (0.80 + 0.03) and 60 min (1.50 £ 0.06) exposed
mice compared to the control mice (0.58 + 0.06). Serum levels of
creatinine indirectly reflect the kidney injury.
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Fig. 1. (A) Initial and final body weight of different groups of mice. (B) Effects of mobile phone radiation on Total Erythrocyte Count (TEC), Total Leukocyte Count (TLC) and
Hemoglobin (HB) % in mice. (C) Effects of mobile phone radiations on Serum creatinine in mice. Values were given as mean +* SE. *= Significant at 5% (p < 0.01) level of

probability.
3.3. Gross architectural change of the kidney and testis

The kidney of control and 40 min exposed mice were reddish-
brown with a smooth and shiny surface (Fig. 2A-B). No anatomical
changes were found in these groups of mice while 60 min of the
exposed mice showed pale colour on the kidney surface (Fig. 2C).
The testis was white in colour, oval in shape in control and both
exposed groups of mice. There were no morphological changes
observed in control and exposed groups of mice (Fig. 2D-F).

3.4. Histopathological study

Examination of H & E-stained sections of the kidney collected
from the control and 40 min exposed mice group revealed the nor-
mal histological architecture (Fig. 3A-B). Regarding the histopatho-
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logical changes, the kidney of 60 min exposed mice showed
interstitial inflammation that causes marked mononuclear cellular
infiltration with severe vascular congestion in comparison to the
control and 40 min exposed mice (Fig. 3C-F). Histopathological
observations of the testes of control mice revealed the normal
architecture of the seminiferous tubule. The seminiferous tubules
were hexagonal or rounded and separated by a thin intertubular
interstitial connective tissue. In the seminiferous tubules, the sper-
matogenic cells and the Sertoli cells were regularly arranged. Inter-
stitium tissue contained the interstitial cells (Leydig cells). The
Leydig cells seemed to be regular in form and size throughout
the interstitial connective tissue between the seminiferous
tubules. The germinal epithelia are formed of normal spermato-
genic layers represented by spermatogonia, primary and secondary
spermatocytes, spermatids and sperms. The spermatids are seen
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60 Minutes

Fig. 2. Gross observation of the kidney of control (A), 40 min (B), and 60 min (C) exposed mice. Healthy appearance of the kidney was observed in control and 40 min exposed
mice wherein 60 min exposed mice showed pale color (arrow) on the surface of the kidney; Gross observation of the testis of control (D), 40 min (E) and 60 min (F) exposed
mice. Healthy morphological appearance of testis was found in control and exposed mice. Scale bar stands for 50 mm.

external to the spermatocytes. The spermatids then further
develop into spermatozoa. They usually lie in groups with their
heads projecting between the deeper cells and are connected with
one of the Sertoli cells of the lining epithelium. The spermatogenic
cells lines throughout different phases of growth and development
were regularly arranged (Fig. 4A). The testis of 40 min exposed
mice showed testicular atrophy and degenerative changes in sper-
matogenic cells lining the seminiferous tubules, with incomplete
spermatogenesis. The seminiferous tubules were in a less regular
shape. There was an alternation of the lining epithelium and
reduced spermatogenic cells with a large lumen in the seminifer-
ous tubules (Fig. 4B). The testis section of 60 min exposed mice
revealed irregular shapes and non-uniform sizes seminiferous
tubules. There were reduced spermatogenic cells with accumula-
tion of spermatozoa in some of the seminiferous tubules, which
were not seen in the control group. Occlusion of the lumen, as well
as an increase in the size of seminiferous tubules, was evident
(Fig. 4C-D). The mean height ofthe germinal epithelium was signif-
icantly decreased in both exposed groups. Testis lesions were more
prominent in 60 min exposed mice in comparison with the testis of
40 min exposed mice (Fig. 4B-D).

4. Discussion

The harmful effects of mobile phone radiation exposure are
poorly elucidated in vital organs such as the kidney and the testis.
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In the present study, therefore, we evaluated the effects of EMF on
the hematobiochemical parameters and the potentially harmful
effects of EMF on the kidneys and testis of mice model. Mobile
phone users in various countries and continents are exposed to dif-
ferent frequencies. EMF exposure depends on the frequency of the
cell phone (Meo et al,, 2011). Many histological and biological
experiments have been performed to assess the harmful effects
of electromagnetic radiation on public health concerning the cen-
tral nervous system, tumors, the renal system, fertility, growth,
and immune function. The mice were exposed to 2400 MHz
Radiofrequency Electromagnetic Radiation (RF-EMR) in this exper-
iment because 2200-2400 MHz frequency 4G connected cell
phones are extensively used in Bangladesh well as many other
parts of the world. The present study results showed that the body-
weight of exposed mice was significantly reduced compared to the
control mice, which agrees with the results of Wilson et al. (1999).
The results (Shabat and Shahwan, 2017) noted that the mean
weight of 3hrs and 5hrs high electromagnetic radiation (EMR)
exposed groups decreases the initial mean weight. Likewise,
(Marino et al., 1976) observed that mice exposed to low electric
fields (150 V/cm) at 60 Hz for one month had reduced body weight
and decreased water intake. Although (Lee et al., 2004) identified
no significant weight difference in rats exposed to the magnetic
field. (Gerardi et al., 2008) noted that the bodyweight increases
as rats are exposed to electromagnetic radiation at a very well-
defined frequency for a long-term duration.
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Fig. 3. Histological observation of the kidney of control (A), 40 min (B) & 60 min (C) exposed mice kidney sections stained with H & E stain. (A-B) showing control & 40 min
exposure mice: no congestion, hemorrhage and normal architecture of renal corpuscles with their glomeruli and renal tubules were found in this group of mice; (C-F)
exposure to 60 min: showing marked mononuclear cellular infiltration (arrow) with severe vascular congestion (arrow). Scale bar stands for 100 pm. G = Glomerulus,

PT = Proximal Tubule & DT = Distal Tubule.

Changes in antioxidant, biochemical, enzymological, and hema-
tological levels indicate weakening animal homeostasis leading to
stress and a reduction in functional ability (Gecit et al., 2014;
Saravanan et al., 2012). Assessments of blood parameters are the
most important means to determine the health status of experi-
mental animals (Sud and Sekhon, 1989). It helps in evaluating
and recognizing the effects of EMF induced hazardous alterations
to humans. The present study results revealed that mobile phone
radiations affected the hematological profile of the test animals
remarkably. There were significant increases TLC and Hb% in
radiation-exposed groups compared to the control group. In this
background, there is an increase in the concentration of Hb, RBC,
WABC, and platelet numbers in rats following 1 h/day EMF exposure
for 30 consecutive days has been shown (Amara et al., 2006; Salem
et al, 2005). Previous epidemiological studies have shown an
increased risk of leukemia due to both electric and magnetic fields
(Bastuji-Garin et al., 1990; Garland et al., 1990). Our findings were
similar to previous research in where shown that exposure to EMF
has led to a noticeable rise in the number of WBCs and differential
WBC counts (Alghamdi and El-Ghazaly, 2012; Amara et al., 2006;
Aziz et al., 2010; Chater et al., 2006; Sisodia et al., 2013). The
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increase in TLC may be related to electromagnetic field exposure,
which triggers the hemopoietic mechanism to discharge more
white blood cells, which increases its number in blood circulation
(Aziz et al., 2010; Sisodia et al., 2013). Our results comply with pre-
vious research done by Forgacs et al. (2006) and Roberts et al.
(1986) in which reports indicate that many hematological param-
eters such as white blood cell count, differential white blood cell
count, platelet levels, red blood cell count, mitotic index of
hematopoietic stem-cells, as well as hematocrit, hemoglobin and
bone marrow megakaryocytes are susceptible to exposure to RF/
Megawatt (MW). This suggests that these blood components are
broken due to irradiation by electromagnetic radiation from cell
phones. The TEC values of 60 min exposed mice were decreased
significantly in compared to the control mice. Previous research
studies stated that exposure to EMF in experimental models
induced a reduction in RBCs’ count and their correlations
(Alghamdi and El-Ghazaly, 2012; Ghadhban and Mhaibes, 2018;
Marzook et al., 2016; Sisodia et al., 2013). The reduction of the
hematological parameters after exposure to EMF can be related
to direct damage and excess production of reactive oxygen species
(ROS) by association with electromagnetic radiation (Eid et al.,
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Fig. 4. Histological observation of testis of control (A), 40 min (B) & 60 min (C) exposed mice testis sections stained with H & E stain. The transverse section of the testis of (A)
control mice showed normal seminiferous tubule. The seminiferous tubule has well-developed interstitial tissue, seminiferous tubules lined with numerous Sertoli cells, and
different stages of spermatogenic cells; (1) spermatogonia, (2) primary spermatocytes, (3) round secondary spermatocytes or early spermatids, and (4) spermatids. The Leydig
cells were present between seminiferous tubules and seemed to be appropriate in both size and structure in the interstitial connective tissue. The testis of 40 min (B) exposed
mice showing seminiferous tubules with irregular outlines, lost normal distribution of the epithelial lining, and fewer spermatogenic cells, which lead to the empty large
wider tubule (large arrow) in the seminiferous tubules. The interstitium contains few Leydig cells compared to the control. (C-D) Testes of mice treated with 60 min EMR
showed irregular shapes and non-uniform sizes of seminiferous tubules. There were reduced spermatogenic cells in the seminiferous tubules and accumulation of
spermatozoa with exudate in the tubular lumen (arrowhead). The spermatogenic cells appeared pyknotic nuclei of some spermatogonia with degenerated spermatogenic
cells, widening of the seminiferous tubular lumen (large arrow), and spermatozoa absence within the lumen. Scale bar stands for 100 um. ST = Seminiferous Tubule, =

Interstitial Tissue, L = Leydig cell.

2015; Sisodia et al., 2013). The free radicals affect the red blood cell
membrane and cytoskeleton and leading to the leakage of hemo-
globin from the cells (Creang et al., 2009; Eid et al.,, 2015). Red
blood cell hemolysis reflects the degradation of cell integrity that
can contribute to intracellular hemoglobin leakage (Eid et al,
2015). Spleen hyperfunction enhances red blood cell, leukocyte,
and platelet breakdown rate. Due to hyperfunction of the spleen,
the hematological variation has been happened in rats due to expo-
sure to EMF was reported by Osbakken et al. (1986). The results
revealed that the EMR waves damage the blood cell walls, leading
to a decrease in the TLC count.

Besides, we also have investigated kidney dysfunction after
exposure to EMF. Our study results indicated that the Serum crea-
tinine value was significant increases in radiation exposed mice.
Similarly, Tsuji et al. (1996) reported the increased blood urea
nitrogen and creatinine levels in mice exposed to EMFs (5 T) for
48 h. Creatinine is generally created in muscles and exists freely
in blood plasma and urine. Its higher serum levels act as an indica-
tor of impaired renal function. This may be due to renal failure cor-
related with congestion in some tubules and focal leukocytic
infiltration by pathological examination. Increased Serum crea-
tinine levels in mice also agree with the findings of Asgari et al.
(2014), who stated that Serum creatinine levels increased signifi-
cantly in rats exposed to 3 h of mobile phone radiation a day com-
pared to the control rats (P < 0.01). Studies have found that urea
and creatinine increase dramatically when microwaving exposure
duration increases (Morelli et al., 2005). Hepatic, renal, and splenic
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tissues were damaged due to exposure to electromagnetic radia-
tion from cell phones (Al-Glaib et al., 2008). Damage to these tis-
sues can lead to an increase in serum creatinine levels. There is a
correlation between cell phone radiation and cellular damage that
may contribute to elevated creatinine serum concentrations (Al-
Glaib et al., 2008). Kidneys could mainly absorb the 900-MHz radi-
ation from cell phones because they are often carried in the belt
(Oktem et al., 2005), which may influence serum creatinine level.

There is a relation between mobile phone radiation and cellular
damage that can lead to higher serum creatinine levels (Grundler
et al., 1992). Grossly the kidney of control and 40 min exposed
groups of mice were reddish-brown with a smooth and shiny sur-
face. However, in 60 min exposed group showed pale color on the
surface of the kidney. Our findings agreed with (Zare et al., 2007)
that the morphology of the kidney of electromagnetic field exposed
group mice was congested and pale. The testis was white in color
and oval in shape in control and exposed mice.

The histopathological effects of 4G electromagnetic field radia-
tion released from a cell phone device have been evaluated in this
study by assessing the presence of pathological lesions in the kid-
ney and testis. In the present study, there was no histological
changes in the kidney of the control and 40 min exposed mice. In
histopathological alterations, the 60-minute exposed mice reveals
mononuclear cellular aggregates and intense venous congestion
compared to the control mice. Similar findings were made by
(Bayazit, 2009; Jaya et al., 2015; Makker et al., 2009; Ozguner
et al., 2006) reporting that electromagnetic radiation (EMR)
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exposure induces many atrophied glomeruli, infiltration of leuco-
cytes between the tubules of the kidney, and vacuolation of some
tubules. Previous research found similar tissue changes using low
frequencies EMR (Attia and Yehia, 2002; Forgacs et al., 2004).
Chauhan et al. (2017) stated that microwave radiation exposure
causes shrunken glomeruli and irregular kidney tubules. Damage
to these tissues may result in a rise in serum creatinine levels.
EMR and high-power waves cause increased temperature rises.
These waves interacted together and produced free radicals that
cause increased lipid peroxidation and exhibit their damaging
effects on cells like by ionizing rays. Free radicals damage the lipids
of the cell and modify their composition and break protein bound-
ary cause cell death. The oxidative stress induced by reactive oxy-
gen species (ROS) is an essential element for tissue injury due to
exposure to radiation (Al-Glaib et al., 2008; Markov, 2013).

Radiation is a potent toxicant, and exposure to the whole body
may affect the animal’s overall physiology and can have an effect
on the normal histology and physiopathology of the testes
(Sepehrimanesh et al, 2014). Radiation also has effects on
steroidogenic and spermatogenic activity by the production of
oxidative stress, antioxidant suppression mechanism, and various
molecular processes included in decision-making about the death
and life of germ cells that later changed normal testicular structure
(Peltola et al., 1992). In the present experiment, histological exam-
ination of seminiferous tubules of irradiated mice showed marked
pathological alterations in the form of shrinkage of tubules, distor-
tion of cellular arrangement. These findings are in close agreement
with the earlier report of (Goyal et al., 2011; Pareek et al., 2005),
which documented the distorted architecture of seminiferous
tubules in the form of shrunken tubules, pycnotic nuclei, necrotic
cells, and degenerative effects of gamma rays on spermatogenesis
in lethally irradiated mice.

In the present investigation, histological observation of testis of
40- and 60-minutes exposed mice showed that the seminiferous
tubules were less regular in shape and alternation of the epithe-
lium lining and fewer spermatogenic cells layer that led to the
large wide lumen in the seminiferous tubules. There was an accu-
mulation of spermatozoa and occlusion of the lumen in some of the
seminiferous tubules. Similar findings were reported by Esa et al.
(2018), who stated that the testicular tissue in mice exposed to a
3 kV EMF shows that the seminiferous tubules had almost the
same size but less regular shape. EMF has caused noticeable
changes in the seminiferous tubules in the testes of mice exposed
to 5 kV contributing to uneven shapes and dimensions. Similar to
the present study, Chauhan et al. (2017) stated that radiation-
exposed group mice showed alternation of the epithelium lining
of seminiferous tubules and occlusion of the lumen and size of
seminiferous tubules was reduced with cell population. Several
studies have shown that testis size and seminiferous tubules diam-
eter were decreased following exposure to microwave radiation
(Falzone et al., 2011; Ozguner et al., 2002). The excess free radical
formation leads to histological and morphological changes in the
testis and spermatogenic cell morphology. The ability of EMF to
cause oxidative stress in the testes strongly suggests that the testis
is a vulnerable tissue that is strongly dependent on oxygen for
spermatogenesis and yet highly sensitive to the toxic effects of
reactive oxygen enzymes (Chauhan et al., 2017; Dasdag et al.,
1999). (Ozlem Nisbet et al., 2012) noticed that when rat exposure
to electromagnetic radiation of 900-1800 MHz resulted in vacuolar
degeneration, severe necrosis, and seminiferous epithelium
desquamation. Long time exposure to 900 MHz EMF induced apop-
tosis of spermatogenic cells and responsible for reduced Leydig cell
number as well assignificantly decreased mature spermatogenic
cells and testosterone amount stated by many authors (Kim
et al., 2014; 2009;; Sepehrimanesh et al., 2014). The present study
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revealed similar findings that there was a significantly decreased
spermatogenic cell layer in radiation-exposed mice.

5. Conclusion

Cell phones are a fundamental part of our social lives. However,
people are still worried about the potential effects of smartphones.
In this study, we tended to focus mostly on the potentially harmful
effects of 4G electromagnetic radiation from mobile phones. This
study indicated that long-time exposure to mobile phone radiation
could lead to degenerative changes on specific hematobiochemical
parameters, including kidney and testis histology. The results indi-
cate that kidney and testis were oxidative. Most reports concerning
Electromagnetic effects with low frequency were concentrated at a
specific organ or process. This study recommends that different
vital organs are equally affected by similar bloodstream during
high frequencies of EMF exposure due to excessive smartphone
use. This research gives an insight into mobile emitted radiation
that might induce alterations in the blood and the kidney and testis
tissue. However, the study alerts us all to the potentially detrimen-
tal effects of long-term electromagnetic radiation exposure. To
escape these harmful effects of cell phone radiation, excessive
mobile phone use should be avoided. Hopefully, comprehensive
long-term studies at the molecular level are undoubtedly required
in order to draw definitive conclusions.
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