Int. J. Morphol.,
37(2)719-723, 2019.
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SUMMAR Y: Mobile phone use has increased rapidly. The central nervous system has been shown to be adversely affected by its
electromagnetic field (EMF) resulting in headache and sleep disturbances. How the cells make up the CNS and are affected by EMF is
unclear. However, because of their cahtole in irflammation throup diverse stimuli including radiation, this stumyned to investigate
the effects of electromagnetic fields induced by mobile phones on mast cells in rat duraAnhatirof 18 adult, female, Sprague-

Dawley rats were divided into two groups. The choice of female rats for his study was based on recent surveys demonstrating that mobile
phone use imore frequent and prolonged among females. The study group was exposed to 900 MHz electromagnetic field (1 h/day for
45 days).In the end of the study, duramater tissue was extracted and stained@alsid@e blue. Mast cells were counted and results

were analysed ugiyStudent t test Mean must cell umber was 202.33+9.82 and 456.78+35.01 in the control and study gresgpectively

(p<0.05). Analysis of serum electrolyte and immunoglobulin E levels showsthtisticallysignificantdifferencebetween the two

groups (p>0.05). The study showed that mobile phone exposure increased mast cell number and degranulation in rat dura mater. Further
studies are required to evaluate the clinical implications of these findings.
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INTRODUCTION

The use of mobile phone is becoming increasingly There is data showing that MP EMF exposure can
popular and indispensable in modern daily life. This is oraffect the neural activity (Hambliet al., 2006). Although
of the fastest growing technological developments todakiere is no clear evidence for adverse effects of MP EMF,
(Kerimoglu et al, 2016). However, there is increasingthere is a widespread public concern over its possible harmful
amount of public concern regarding the health risk of radigotential (Szentpali). As MP is usually held close to the head,
frequency electromagnetic fields (EMF) created by mobilé is appropriate to study the effects on the cranial region
phone (MP) (Ikinciet al, 2016). MP operate with that is involve in hearing, concentration, sleep and other
radiofrequencies ranging mainly from 900 to 1800 MHZ#unctions that may be related to fatigue, headache and
(Hanciet al, 2013; Boderat al, 2015; Tumkayat al, migraine (Bortkiewicz, 2001; Parazziet al, 2005). MP
2016). These frequencies excite the rotations of the watesers often complain of a burning or heating sensation within
and some organic molecules and have been attributedthe most exposed head area (Straenal, 2005). The
thermal and non-thermal effects (Szentpali, 1999). It is weéticrease in temperature during MP use may be due to electric
established that EMF exposure of the entire body to SAR pdwer dissipation and EMF exposure (Straetrad). GSM-
1-4 W/kg produces pathological reactions in mammaR00 is used in most parts of the world by MP. GSM-900
(World Health Organization & International Programme onises 890-960 MHz and several laboratory studies showed
Chemical Safety, 1993). EMF are thus suspected of causitigruptive effects of this range of EMF on the blood-brain
biological alterations in living entities. barrier (BBB) and on normal brain functioning (Salfetd

! Department of Histology and Embryology, Recep Tayyip Erdogan University Medical School, Rize, Turkey.
2 Department of Physiology, Recep Tayyip Erdogan University Medical School, Rize, Turkey.

3 Department of Anesthesiology, Recep Tayyip Erdogan University Medical School, Rize, Turkey.

4 Department of Biochemistry Recep Tayyip Erdogan University Medical School, Rize, Turkey.

5 Department of Microbiology, Recep Tayyip Erdogan University Medical School, Rize, Turkey.

719



TUMKAYA, L.; KALKAN, Y.; GOKCE, F. M.; ERDIVANLI, B.; YILMAZ, A.; BAHCECI, |.; YAZICI, Z. A. & MERCANTEPE, T. The effects of mobile phone exposure on mast cells in rat
dura materint. J. Morphol., 37(2y19-723, 2019.

al., 2003; Curcicet al, 2005; Perssoet al, 2005). Mast kg), modulation frequency of 217 Hz, and maximal peak
cells are key players in the inflammatory response as thegwer of 2 W, was placed 10 cm away from the cage for
can be activated to release a wide variety of inflammatoone hour a day (19:00-20:00) for 45 days during
mediators, by a variety of stimuli including irradiationexperiments.

(Michaloudi et al, 2007). Dural and pial mast cells are

present along the main meningeal vessels and th&issue Preparation ProcessesAt the end of the
branches and therefore in close proximity to thexperiment, following intraperitoneal anaesthesia with
sympathetic dural plexuses (Michalouwsti al). Their thiopental sodium 50 mg/kg, blood samples (3 ml) were
presence along the middle meningeal artery and trigemiaken from the left ventricle for the measurement of total
nerve branches suggests a role in meningeal blood flaserum levels of sodium, chloride, potassium, calcium, and
neurogenic inflammation and headache (Dimktral, magnesium using a standard autoanalyser technique
1991). Mast cells are suspected to play a role in tlfarchitect c16000 Autoanalyzer, Abbott Diagnostics, MA,
pathophysiology of migraine headache (Levgl, 2006). USA) and total serum immunoglobulin E using ELISA.
To address the issue of EMF exposure in human daily lifnesthetised rats were terminated by intracardiac injection
working with human subjects has great advantages. 10 % formaline. The duramater were excised, and
However, the varying duration of exposure and thgpecimens were prepared for histopathological studies.
heterogeneity of participants would yield less reliable

information than inbred animal strains (Sodergetsl., The fixed tissues were dehydrated in graded ethyl
2008). A further relevant issue is the more frequent aradcohol series and stained with Toluidine Blue. Sections
prolonged MP use by females (Soderqeisil, 2007). A were examined under a light microscope (BX51, Olympus,
significant association between EMF exposure antbkyo, Japan) and photographed at relevant
symptoms like headaches and migraine has not bemmagnifications with attached digital camera (DP72,
neurologically demonstrated, suggesting contribution @lympus, Tokyo, Japan). Total and granulated mast cells
psychological factors such as the conscious expectatiare counted in 15 different sections in each slides, total
of adverse effect (Soderqvetal,, 2008). Since migraine of 7 slides, 120Qum? (Fig. 1).

has a higher prevalence in females, who are more exposed

to MP EMF, we investigated the effect on dural mast cell| : " . \ i

in female rad.

MATERIAL AND METHOD

After review and approval of the study protocol by
the Local Ethics Committee for Animal Experiments,
School of Medicine, Recep Tayyip Erdogan University
(Approval date: 30.06.2011, meeting number: 10), 18 adt
female Sprague-Dawley rats weighing 250-300 g wer |
obtained from the Animal Laboratory for Experimental
Surgery, Trabzon, Turkey. The rats were kept at rool

temperature (222 °C) and 40-50 % relative humidity. An _ ” . e )
g. 1. Mast cell and degranulated mast cell were counted using

N : : i
gg?gomat'g 'g?ggc;lmﬂ Sy?'tenl" prov'dfeo('j I|g_rt1rt] btetwge@e Olympus DP2-BSW (Ver.2.1 to Ver.2.2, Build 6212, Olympus
HUan ) ) animals were fed with standar orporation, Tokyo, Japan) software system.

pelleted rat diet (Bayramoglu, Erzurum, Turkey) and tap

water ad libitum. All procedures involving the animals

were designed and performed according to the National

Institute of Health Guide for the Care and Use oS$tatistical Analysis. Data were analysed using the SPSS

Laboratory Animals. statistical package (version 18 for Windows, IBM, Chicago,

IL, USA). All data showed normal distribution according to

The rats were equally divided into two groups td{olmogorov-Smirnov and Shapiro-Wilk tests (p>0.05). Total

be exposed to a working MP on talking mode (study grouphd granulated mast cell count and biochemical marker levels

or to the same phone turned off (control group). The Mmere analysed with Student’s t test. A p value lower than

with a carrier frequency of 890-915 MHz (SAR 0.702 WP.05 was considered significant.
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RESULTS

Analysis of serum electrolyte and immunoglobulin E levels showed

DISCUSSION

Mast cells stem from a bone marrow

no statistically significant difference between the groups (p>0.05). precursor. They migrate to mucosal and
addition, total mast cell count) in the study group was statisticadgnnective tissues and undergo tissue-
significantly higher (mean: 31.375.47) than that of the control groupspecific maturation (Levy et al.). The wide
(13.36:7.70; p=0.00; Figs. 2 and 3; Table I). Granulated mast cell countviriety of substances they respond to and
study group (3.071.73) was statistically significantly higher compared tohose they secrete suggest that mast cells may

control group (7.081.62; p=0.00; Figs. 2 and 3; Table I).

Table I. Quantative analysis results.

Group Mast cell number Degranulate d Mast cell number
(meantstandart deviation) (meantstandart deviation)

Control 13.36+7.70 3.07+1.73

EMF 31371547 7.03%1.62°

*P=0.00 versus Control group, Mann-Whitney U test
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Fig. 2. Light microscopic photographs from dura mater tissue sections stained with
Toluidine blue. A(x10)-B(x40) Control Group: Typical Mast cell. C(x10)-D(x40):
Typical mast cell (arrow) and degranulated mast cell (arrowhead).
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Fig. 3. Quantative measurements result box chart graphs.

have a role in neurogenic inflammation,
migraine, angiogenesis and tumor growth
(Hiromatsu & Toda, 2003). Mast cells in the
meninges were shown to be activated by
stimulation of trigeminal nerve and
neuropeptides secreted by nociceptive nerve
endings such as Substance P and bradykinin
(Levy et al.). Therefore some investigators
proposed that mast cells may be involved in
neurogenic inflammation and migraine
headache (Rozniecki et al., 1999).

The main mechanism of mast cell
degranulation is through surface IgE cross-
linking (Benoist & Mathis, 2002). In
addition, it has been shown that high-affinity
IgE receptor FceRI may also sensitize mast
cells and cause degranulation in the absence
of antigen (Kawakami & Kitaura, 2005). This
study showerd that mast cells both increased
in numbers in the dura mater and
degranulated following MP EMF exposure.
The data showed no significant difference in
total IgE. This suggests that mast cells
migrated to dura mater due to tissue injury
or dysfunction in BBB. Previous studies
proposed that mast cell degranulation may
cause BBB dysfunction via histamine release,
edema formation and migration of
polymorphonuclear leucocytes (Lindsberg et
al., 2010). Similarly, some researchers
showed that 900 MHz MP EMF disrupts the
function of BBB. They showed that EMF
may disrupt the barrier function of the BBB,
and if strong enough, may even denaturate
proteins and cause fibrin accumulation in the
brain (Salford et al., 2003; Persson et al.).

The dsyfunction of BBB, whether
caused by mast cell activation or EMF, may
predispose individuals to migraine.

A previous study by Theoharides and
colleagues showed that restraint stress alone
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may cause mast cell degranulation in rat brains througimunoglobulina E no mostraron diferencias estadisticamente sig-
stimulation of the hypothalamic-pituitary-adrenal axighificativas entre los dos grupos (p> 0,05). El estudio mostr6 que la
(Theoharidegt al, 1995). The same investigators showe@&xposicion a teléfonos moviles aumento el nimero de mastocitos
that stress may trigger migraine type headaches via mi desgranulacion en la duramadre de las ratas. Se requieren es-
. . . . i icional ra evaluar las implicacion lini
cell activation through corticotropin releasing hormon uallgigaodsco ales para evaluar las implicaciones clinicas de estos
mediated mechanism (Theoharidssal). Given the fact '
that the rats used in our study were housed in cages, yetnot  pa| ABRAS CLAVE: Teléfono mévil; Mastocito; Cam-
immobilized, it is unlikely that immobilization stress alonéo electromagnético; Dura madre; Rata.
induced mast cell migration and degranulation. However,
MP EMF may have triggered a stress response in rats.
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