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Effects of cell phone radiation on migration of granule cells in rat cerebellum

Hiva Mohammadi Bolbanabad®, Mohammad Reza Kaffashian?, Daryoush Fatehi®, Ayoob Rostamzadeh®"

=

Department of Anatomy, Faculty of Medicine, Ilam University of Medical Sciences, Ilam, Iran

Department of Physiology, Faculty of Medicine, llam University of Medical Sciences, Ilam, Iran

3. Department of Medical Physics, Faculty of Medicine, Shahrekord University of Medical Sciences,
Shahrekord, Iran

4. Cellular and Molecular Research Center, Faculty of Medicine, Kurdistan University of Medical Sciences,

Sanandaj, Iran

N

“ Corresponding author: Tel: +98 9187225635; fax: +98 8412227120

Address: Department of Anatomy, Faculty of Medicine, Kurdistan University of Medical Sciences, Pasdaran
Blvd, Sanandaj, Iran

E-mail: ayoobrostamzade@gmail.com

Received 27/11/2013; revised 20/7/2014; accepted 13/9/2014

Abstract

Introduction: There are a growing number of cell phone devices and they are one of the
most popular sources for electromagnetic waves. However, there are many concerns
regarding their biological effects on the body, especially the central nervous system.
Therefore, the aim of this study was to evaluate the effects of cell phone radiation on
histology of the cerebellar granular cells in the neonatal rat.

Materials and methods: We selected some Wistar rats. Then, we randomly divided their
newborns into four groups. One of the groups was control and the other three were
experimental groups. Groups 1, I, and 11l were exposed to radiation from cell phone (with a
distance of 10 cm from the rats) for a duration of 30 minutes, 2 hoursand 8 hours,
respectively. After killing of the rats and preparing histological sections, we counted the
granular cells of the cerebellum using Motic software. We measured the thickness of granular
layers with Nickon software. Then, after data collection, statistical analysis was conducted
using Tukey and Anova tests.

Results: Results showed that cell population in internal granular region significantly
decreased in group Ill. Also, results indicated a reduction in the external granular layer
thickness in group Ill. Furthermore, cerebellar weight to body weight ratio in group 111 was
significantly reduced as compared with the other groups.

Conclusion: Results of this study showed that cell phone electromagnetic radiation can
reduce the number of internal granular cells of the cerebellum and the external granular layer
thickness is reduced.
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Introduction

Life on earth equals being immersed in a cell phones are also part of the

sea of natural electromagnetic fields. The
electromagnetic spectrum has a very broad
frequency  range. These include
radiofrequencies, microwaves, Vvisible
light, infrared andultraviolet radiation, X-
ray, and gamma rays. Waves emitted from
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electromagnetic waves. They exist in the
frequency range of 900 MHz to 1 GHz and
in the wavelengths of 1 mm to 1 m in the
electromagnetic spectrum. (1) Nowadays,
cell phones are one of the most common
devices emitting electromagnetic waves.
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Almost half the world's people have access
to cell phones at different ages. Expansion
of mobile network and the variety of
services offered by their network service
providers such as short messaging service,
sending pictures, videos, easy and quick
electronic payments, increase public
interest to the use of these devices.
Consequently, cell phone is not a luxury
device anymore and it is one of the
essential tools. (2) With the increasing
number of cell phone users and numerous
reports in recent years about harmful
effects of radiation on developmental
processes in various organs of the human
body, serious concern has been created.
Despite guarantees of the board of
industrial offices including radiological
Protection Board in UK, there are still
many doubts on the adverse effects of such
devices (3). Effects of electromagnetic
fields on biological systems have been
studied fairly extensively. However, due to
the lack of conclusive results and unclear
action mechanisms for these fields,
investigation in this area continues to
remain active (4). Some adverse effects of
EMF include: impact on reproductive
parameters (5), damage to brain cells DNA
(6), Induction of apoptosis in brain tissue
(7-9), reduction in the number of
pyramidal neurons and increasing the
number of ischemic neurons in the
cerebral cortex (10), disruption of brain
and behavior activity (11, 12), increased
permeability of the blood - brain barrier
(13), induction of oxidative stress by
increasing free radicals, increase in the
lipid peroxidation and changes in tissue
antioxidant defense system (14, 15),
decline in learning and memory (16, 17),
induction of brain tumors, headaches,
depression, hot regions around the ears,
and impaired attention (18, 19). On the
other hand, cell migration is a crucial
process for the organization of the
evolving nervous system. On the other
hand, even though the structure of the
brain at birth is complete, the degree of
plasticity  continues throughout life
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including axonal remodeling,
synaptogenesis, production of new neurons
and their migration (20). This change is
also true for the cerebellum and any
disruption in neuronal migration can cause
structural abnormalities including
Lissencephaly,  pachygria,  cognitive
dysfunction and motor deficits in the
interpretation of the data (21). Cerebellar
granule cells are among the most
numbered cells in the cerebellum.
Migration of these cells occurs in a
dynamic and rapid fashion. Their
mechanism of action is largely unknown,
but it has been demonstrated that factors
such as alcohol affects the intracellular
calcium and can reduce the migration of
these cells (22, 23). Despite reports on the
effects of electromagnetic radiation in
reducing the number of cerebellar Purkinje
cells, there exist morphological changes in
cellular ~ organelles and  abnormal
electrophysiological activity (24, 25).
However, no report has been released on
the effects of the waves on histological and
ultrastructure of granular cells in the
cerebellum during development.
Therefore, in this study we examined the
effects of cell phone radiation on the
migration of granule cells during the
development of the rat cerebellum.

Materials and methods

This study was conducted on Wistar rats
aged 6-8 weeks and weighing 200 +
0.53gr, obtained from Pasteur Institute,
Iran. First, they were kept in standard
conditions of the animal house for one
week including temperature of 23 to 25 °
C, humidity of 50 to 55 percent and light
cycle of 12 hours. They were kept inside a
plastic cage (to avoid any nuisance
electromagnetic waves). Then, we put two
separate cages including 2 female mice
and 1 male mouse in each one for
overnight mating. After vaginal plug, they
were separated and placed in the same
conditions. After delivery, we separated
the newborns into 4 groups (n = 10)
including one control and three
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experimental groups. The experimental
groups were divided into 3 groups as
follows:

Group | (n = 10): included rats that were
exposed to cell phone radiation for 30
minutes daily on days 7 to 13 of
pregnancy(G1).

Group Il (n = 10): included rats that were
exposed to cell phone radiation for 2 hours
daily on days 7 to 13of pregnancy(G2).
Group I (n = 10): included rats that were
exposed to cell phone radiation for 8 hours
daily on days 7 to 13of pregnancy(G3).
We used cell phones (Nokia brand, made
in Finland) on conversation mode, for
radiation. Since previous studies showed
that the greatest impact of cell phone
radiation were in the range of 900 to 1800
MHz and at a distance of 10 cm from the
body (26), we used our cell phones placed
10 cm apart from the animal. On the
fourteenth day after birth, the animals were
anesthetized by chloroform. In all groups,
body weights of newborn rats were
measured before necropsy with a digital
scale. After killing the animal, using a
scalpel blade or scissors, we made a
longitudinal incision along the sagittal
suture and a transverse slot along the
coronal suture in the base of their skull.
After removing the skull wall and a
transverse incision in the medulla
oblongata, skull was separated from the
spinal cord and the cerebellum as a whole
was removed from the cranial cavity with
precision. The cerebellar weight was
measured in all neonates with a digital
scale. Then ratio of cerebellum weight to
body weight was calculated based on the
percentage and were studied using
statistical tests. Then, the cerebellum was
fixed in 10% formalin, and tissue
preparations were made using routine
histological procedures. To examine and
count the granular cell, 6 micron sagittal
serial sections from the cerebellar vermis
were prepared. Among sections, only those
cuts which were close to the midline
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vermis and were not visible in the
cerebellar nuclei were selected and stained
with Hematoxylin-Eosin (H & E) and
Violet. Results were imaged using an
optical microscope and cells were counted
using the Motic software. Also for
measuring the thickness of the granular
layer, taken photos were transferred to a
computer and were measured using Nikon
Digital software (Sight-DS-L2 model). For
statistical analysis, Tukey, Kruskal-Wallis
and analysis of variance (ANOVA) were
used showing a significant difference (P
<0.05).

Results

Evaluation of cerebellar tissue sections by
light microscopy and Motic software
showed a significant decrease in the
internal granular cell population and
granule cells in the molecular area (Figure
1).

Also, using a graduated eyepiece and a
magnification of 10, thickness of
cerebellum granular layer was studied in
different groups. Results showed a
significant reduction in the thickness of the
external granular layer in group Il
(exposure for 8 hours per day) compare to
other groups (P <0.05). This value was
50+54.6 mm in the control group, 50+52.5
mmin the 30 minutes exposure group, in
the 2 hours exposure group 49+17.2 mm,
and 40+£04.8 micrometerin the 8 hours
exposure group. Yet, reduction in the
external cerebellar granular layer thickness
in groups | and Il was not significantwith
respect to each other and relative to the
control group (Figure 2). As concluded in
this research, the cerebellar weight in the
newborns exposed to cell phone radiation
for 8 hours on days 7 to 13 of pregnancy
decreased significantly in relation to their
body weight, compared to that of the
control group as well as | and Il
(P<0.05)(Tablel).
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Figure 2.Diagrams shows the loss of granular cell populations at different exposure times in the internal granular
layer (A) and molecular layer (B). Exposureto cell phone radiation from days 7 to 13 of pregnancy for 8 hours a
day (G3) significantly decrease the number of granular cells in both layers.

Figure 2.0ptic microscope image of cerebellum of the newborns before (A) and after exposure to cell phone
radiation (B) from days 7 to 13 for 8 hours a day. The image shows a decrease in the thickness of the external

granular layer (G) (Arrows), molecular layer (M), and Purkinje cell layer (P). (Stained with H &E; x60).

Table 1.Mean body weight, cerebellar weight (in grams) and mean diameter of the external granular layer
(micrometers) in Wistar newborn rats.

Variables Control group Experimental Experimental Experimental
group | group 11 group 111
Body weight 15.13+0.25 15.14 + 0.86 15.19+0.41 19.84 +0.43
Cerebellar weight 0.98+0.73 0.97 £ 0.68 0.95+0.33 0.79+0.15
Mean diameter of the 50 £ 54.6 50 £ 52.5 49+17.2 40 £04.8

external granular layer
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Discussion

Results of this study showed that cell
phone RF waves in the post-natal period
for 8 hours reduces the number of granular
cells, reduces the thickness of the granular
layer of the cerebellum and ultimately
cause reduced cerebellar weight to body
weight ratio compared with the control

group.
Reduction in cell number could be due to

reduced activity of the nuclei and thus
reduced cell activity. Lai and colleagues
(2004) showed that electromagnetic waves
can induce harmful effects on the cell
genome, reduce DNA repair capacity and
increase Necrosis and apoptosis
particularly in the brain cells (27). The
microwaves also affect radiation on the
cell membrane and after influencing
glycoproteins, they affect intracellular
processes including the enzymes inside the
cell cytoskeleton and the cell nucleus, they
affect cell function and survival as well.
The destruction of granular cells as the
most cerebellar cortex cells can explain the
reason for cerebellar weight loss (28).
Since harmful stimuli such as heat and
radiation can cause irreparable damage to
the cell DNA and initiate pathways of cell
suicide, the action mechanism of
electromagnetic fields, cause local increase
of temperature in the waves place due to
their high energy or can cause damage as
ionizing radiation due to the effects of free
radicals. Free radicals also attack lipids
and change their nature and may cause
damage to the cell membranes by breaking
protein binding. These radicals with
peroxidation lipid increase short-chain
fatty acid derivatives and malondialdehyde
as a byproduct. It can also lead to
oxidation of amino acids, creation of
protein - protein binding, and breaking the
DNA hydrogen bonds. So, maybe the
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changes in number of nerve cells in the
cerebellum are caused by changes in DNA
structure (1, 6, 10). On the other hand,
some other studies have shown that
electromagnetic radiation alters
biophysical properties of membranes of
brain cells including increasing the
permeability rate of carbonic anhydrase
(29), stimulation of Ca2 +-dependent K +
channel activity by increasing the
concentration of Ca2 + (30) and activation
of sodium channels of the cerebellar
granular cells by increasing
theconcentration of arachidonic acid (31),
Hence, it can be inferred that voltage
changes can enhance cerebellar cells
especially Granular to necrosis and
apoptosis.

In our study, these changes were in the
form of reduction in the number of cells as
well as cerebellum weight loss. The results
also revealed that cell phone radiation for
8 hours has a significant effect on weight
gain in rats and could be due to stimulation
in the secretion of growth hormone
receptors in the hypothalamus and the
pituitary gland or decreased secretion of
hypothalamic thyrotropin-releasing
hormone. This in turn may lead to
decreased secretion of thyroid hormones
and thus reduce metabolism and body
weight gain (32). In general, the progress
of science today ranging from electronics,
computers,  telecommunications  and
information technology, use of
electromagnetic waves in different ways is
growing astronomically; a prominent
example is the rise of mobile devices.
Unlike ionizing radiation, such as X-rays
and gamma which their biological effects
have been proven conclusively. Effects of
non-ionizing radiation, like waves in the
cell phone are still in the testing phase, so
using these devices raises a fundamental
question. Whether electromagnetic waves
of these devices which have a high energy
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have an influence on the biological, and
developmental processes, and ultimately
do they affect human health or not? This
questions leads to too many contradictory
answers. Like many other studies, our
study confirmed the biologically damaging
effects. However, since the intensity,
duration and usage of these devices vary
depending on the location and culture of
different communities. For example, more
women than men use cell phone (33). It is
therefore suggested that the effects of the

References

1. Michaelson SM. Biological effects of
radiofrequency radiation: concepts and
criteria. Health Physics. 1991; 61(1):3-
14.

2. Khadrawy Y, Ahmed NA, Ezz HSA,
Radwan N. Effect of electromagnetic
radiation from mobile phone on the
levels of cortical amino acid
neurotransmitters in adult and young
rats. Romanian J Biophys. 2009;
19(4):295-305.

3. Banik S, Bandyopadhyay S, Ganguly
S. Bioeffects of microwave-a brief
review. Bioresource Technol. 2003;
87(2):155-9.

4. Hyland G. Physics and biology of
mobile telephony. Lancet. 2000;
356(9244):1833-6.

5. Baste V, Riise T, Moen BE.
Radiofrequency electromagnetic fields;
male infertility and sex ratio of
offspring. Eur J Epidemiol. 2008;
23(5):369-77.

6. Phillips J, Singh N, Lai H.
Electromagnetic fields and DNA
damage.  Pathophysiology.  2009;
16(2):79-88.

7. Yilmaz A, Yilmaz N, Serarslan Y,
Aras M, Altas M, Ozgiir T, et al. The
effects of mobile phones on apoptosis
in cerebral tissue: an experimental
study on rats. Genome. 2014; 20:23-7.

8. Zhu Y, Gao F, Yang X, Shen H, Liu
W, Chen H, et al. The effect of

20

waves be studied on other organs and on
neurophysiology and neurobiology of
cerebellar granular cells.

Acknowledgement

The authors would like to acknowledge the
assistance of the Deputy Kermanshah
University of Medical Sciences for its
financial support as well as efforts of Dr.
Mansour Rezaie for the statistical analysis.

microwave emmision from mobile
phones on neuron survival in rat
central  nervous  system.  Progr
Electromagnet Res. 2008; 82:287-98.

9. ZuoH, Lin T, Wang D, Peng R, Wang
S, Gao Y, et al. Neural Cell Apoptosis
Induced by Microwave Exposure
Through Mitochondria-dependent
Caspase-3 Pathway. Int J Med Sci.
2014; 11(5):426-31.

10. Celikozlu SD, Ozyurt MS, Cimbiz A,
Yardimoglu MY, Cayci MK, Ozay Y.
The effects of long-term exposure of
magnetic field via 900-MHz GSM
radiation on some  biochemical
parameters and brain histology in rats.
Electromagnet Biol Med.
2012;31(4):344-55.

11. Hamblin D, Wood A. Effects of
mobile phone emissions on human
brain activity and sleep variables. Int J
Rad Biol. 2002; 78(8):659-69.

12. Sienkiewicz Z, Jones N, Bottomley A.
Neurobehavioural effects of
electromagnetic fields.
Bioelectromagnetics. 2005; 26(7):116-
26.

13. Nittboy H, Brun A, Eberhardt J,
Malmgren L, Persson BR, Salford LG.
Increased blood-brain barrier
permeability in mammalian brain 7
days after exposure to the radiation
from a GSM-900 mobile phone.
Pathophysiology. 2009; 16(2):103-12.


https://jbrms.medilam.ac.ir/article-1-61-en.html

[ Downloaded from jbrms.medilam.ac.ir on 2025-10-24 ]

Original article

J Bas Res Med Sci 2014; 1(2):15-22.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

21

Meral I, Mert H, Mert N, Deger Y,
Yoruk I, Yetkin A, et al. Effects of
900-MHz electromagnetic  field
emitted from cellular phone on brain
oxidative stress and some vitamin
levels of guinea pigs. Brain Res. 2007;
1169:120-4.

Ilhan A, Gurel A, Armutcu F, Kamisli
S, Iraz M, Akyol O, et al. Ginkgo
biloba prevents mobile phone-induced
oxidative stress in rat brain. Clinica
Chimica Acta. 2004; 340(1):153-62.
Narayanan SN, Kumar RS, Potu BK,
Nayak S, Mailankot M. Spatial
memory perfomance of wistar rats
exposed to mobile phone. Clinics.
2009; 64(3):231-4.

Fragopoulou A, Miltiadous P,
Stamatakis A, Stylianopoulou F,
Koussoulakos S, Margaritis L. Whole
body exposure with GSM 900MHz
affects spatial memory in mice.
Pathophysiology. 2010; 17(3):179-87.
Edelstyn N, Oldershaw A. The acute
effects of  exposure to the
electromagnetic  field emitted by
mobile phones on human attention.
Neuroreport. 2002; 13(1):119-21.
Khurana VG, Teo C, Kundi M, Hardell
L, Carlberg M. Cell phones and brain
tumors: a review including the long-
term epidemiologic data. Surgical
neurology. 2009; 72(3):205-14.

Cayre M, Canoll P, Goldman JE. Cell

migration in the normal and
pathological postnatal mammalian
brain.  Progr  Neurobiol.  2009;
88(1):41-63.

Liu JS.Molecular genetics of neuronal
migration disorders. Curr Neurol
Neurosci reports. 2011; 11(2):171-8.
Komuro H, Kumada T. Ca< sup>
2+</sup> transients control CNS
neuronal migration. Cell Calcium.
2005; 37(5):387-93.

Panicker AK, Buhusi M, Thelen K,
Maness PF.  Cellular signalling
mechanisms of neural cell adhesion
molecules.  Front Biosci. 2003;
8(5):d900-11.

24,

25.

26.

27.

28.

29.

30.

31.

Ozra A, Jafar S-R, Moradi L, Saki G.
Ultrastructural change of cerebellum in
exposed rats to 3mT electromagnetic
field. J Biol Sci. 2010; 10(6):526-30.
Haghani M, Shabani M, Moazzami K.
Maternal mobile phone exposure
adversely affects the
electrophysiological  properties  of
Purkinje neurons in rat offspring.
Neuroscience. 2013; 250:588-98.
Valberg PA, van Deventer TE,
Repacholi MH. Workgroup report:
Base stations and wireless networks:
Radiofrequency (RF) exposures and
health consequences. Environ Health
Perspect. 2007;8(5):416-24.

Lai H, Singh NP. Magnetic-field-
induced DNA strand breaks in brain
cells of the rat. Environ Health
Perspect. 2004 ; 112(6):687-93.

Adey W. Physiological signalling
across cell membranes and cooperative
influences of extremely low frequency
electromagnetic  fields.  Biological
coherence and response to external
stimuli: Springer; 1988. P. 148-70.
Ramundo-Orlando A , Morbiducci U,
Mossa G, D'Inzeo G. Effect of low
frequency, low amplitude magnetic
fields on the permeability of cationic

liposomes entrapping carbonic
anhydrase: |. Evidence for charged
lipid involvement.

Bioelectromagnetics. 2000; 21(7):491-
8.

Pall ML .Electromagnetic fields act via
activation of voltage-gated calcium
channels to produce beneficial or
adverse effects. J Cell Mol Med. 2013;
17(8):958-65.

He YL, Liu DD, Fang YJ, Zhan XQ,
Yao JJ, Mei YA. Exposure to
extremely low-frequency
electromagnetic fields modulates Na+
currents in rat cerebellar granule cells
through increase of AA/PGE2 and EP
receptor-mediated CAMP/PKA
pathway. PloS One. 2013;
8(1):e54376.


https://jbrms.medilam.ac.ir/article-1-61-en.html

[ Downloaded from jbrms.medilam.ac.ir on 2025-10-24 ]

Original article

32.

22

Hajioun B, Jowhari H, Mokhtari M.
Effects of cell phone radiation on the
levels of T3, T4 and TSH, and
histological changes in thyroid gland in
rats treated with Allium sativum
extract. Afr J Biotechnol. 2014;
13(1):163-9.

J Bas Res Med Sci 2014; 1(2):15-22.

33. Soderqvist F, Carlberg M, Hardell

L.Use of wireless telephones and self-
reported  health  symptoms: a
population-based study among
Swedish adolescents aged 15-19 years.
Environ Health. 2008; 7(1):18-21.


https://jbrms.medilam.ac.ir/article-1-61-en.html
http://www.tcpdf.org

