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biophysical,  physiological and pharmacological
processes that regulate cellular function, and the control
or alteration of these processes by the action of receptors,
neurotransmitters, second messengers, cation, anions,
drugs or disease.

Areas of particular interest are four topics. They are;

A- lon Channels (Na*- K* Channels, CI~ channels, Ca?*

channels, ADP-Ribose and metabolism of NAD+, Patch-
Clamp applications)

B- Oxidative Stress (Antioxidant vitamins, antioxidant
enzymes, metabolism of nitric oxide, oxidative stress,
biophysics, biochemistry and physiology of free oxygen
radicals)

C- Interaction Between Oxidative Stress and lon Channels
in Neuroscience

(Effects of the oxidative stress on the activation of the
voltage sensitive cation channels, effect of ADP-Ribose
and NAD* on activation of the cation channels which
are sensitive to voltage, effect of the oxidative stress
on activation of the TRP channels in neurodegenerative
diseases such Parkinson’s and Alzheimer’s diseases)

D- Gene and Oxidative Stress

(Gene abnormalities. Interaction between gene and free
radicals. Gene anomalies and iron. Role of radiation and
cancer on gene polymorphism)
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Abstract

TRPV1 channel is activated with pH changes,
increasing temperature, free radicals, and oxidative stress,
and it may be a good measure for detecting the effect of
microwave non-ionizing radiation on cellular and
molecular responses. The scoping review study aims to
survey the influence of mobile and wireless radiation on
the TRPV1 channel mechanism. We systematically
considered international databases to recognize related
studies, including PubMed, Scopus, Cochrane Library,
CINAHL, ISI Web of Science, Science Direct from the
start, PROSPERO and EMBASE use headings for
scientific topics (Mesh). The hunt covered the period
from 1980 until 2019. A total of seven studies comprising
137 cases, three in vitro tests on breast cancer cell line
Michigan Cancer Foundation-7 (MCF-7), embryonic
kidney HEK?293 cells and Rabbit polyclonal anti-TRPV1,
and four in vivo experimental studies comprising 21 male
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and 24 female Wistar Albino rats, were included. Two
studies indicated cell phones induced mitochondrial ROS,
stress-induced in  the  hippocampus,
mitochondrial apoptosis via activation of TRPV1 in
hippocampus and dorsal root ganglion neurons. The
cytosolic Ca?* induced by TRPV1 induced oxidative
overactions and apoptosis at a distance of 10 cm from the
source of the cells. Our review shows that cell phone and
wireless radiation have a possible effect on Ca?* signaling
by TRPV1 channel activation. This reaction may induce
ROS, Fenton and Haber-Weiss reaction which increase

oxidative

free radicals’ level in the mitochondria.

Keywords: Neurobiology; Non-lonizing Radiation;
Wireless Technology; Cell Phone; Oxidative Stress;
TRPV1 protein; Calcium Signaling.

Introduction

The use of modern technologies, such as cell phone
and wireless, has grown in the present century, in a way
that life without these technologies can be somewhat
disturbed (Demirhan et al. 2016). The range of frequency
microwave cell phone non-ionizing radiation (NIR) is
from 450 to 3800 megahertz (MHz) and for wireless is
from 9 kilohertz (kHz) to 300 gigahertz (GHz) (Banik et
al. 2003). Until now, no reliable information has been
reported over the adverse effects of non-ionizing radiation
on cellular and molecular function. This could be due to
the low energy of non-ionizing particles which affect
tissues in a way that just cause a little change on free
radical production level and increase tissue temperature
partly (Havas, 2017). NIR theorists are divided into two
groups who favor the effects of these waves and the
harmful effects of NIR on health. From 2002 to 2016,
several statements have been reported from institutions of
health and welfare regulatory (ICNIRP 2016; Authority
2002; Canada 2010; Environment 2008, FCC 2010,
Health Protection Agency 2012; National Cancer Institute
2016; WHO 2014).

Some statements indicate no harmful effects on
health or cancer that are caused by the use of cell phone
and wireless radiations, only have pointed to an increase
in tissue temperature (Authority 2002; Canada 2010;
Environment 2008; FCC 2010; Health Protection Agency
2012; National Cancer Institute 2016; WHO 2014), while,
the only report of International Commission on Non-
lonizing Radiation Protection (ICNIRP) 2016 emphasizes
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the harmful impact of high-frequency on health
community (ICNIRP 2016); however, various studies
have been conducted to clear this secret. Transient
receptor potential cation channel subfamily V member 1
(TRPV1) is a non-selective cationic channel coded by the
TRPV1 gene (OMIM: 602076) (Caterina et al. 1997;
Bevan et al. 2014). This channel is located in different
regions of the brain including hypothalamus, cerebrum,
cerebellum, striatum, midbrain, olfactory bulb, medulla
oblongata, hippocampus, thalamus, and substantia nigra
(SN), and in the ganglion, trigeminal nerve, nodose
ganglion, and especially concerning the afferent nerve
fiber, there is a pain in the spinal cord, the end of the
peripheral nerves (Bevan et al. 2014; Marrone et al.
2017), and are activated by stimuli such as increased
temperature (>42°C), oxidative stress, decreased pH,
capsaicin, lipoxygenase products, resiniferatoxin (RTX),
anandamide, ethanol, N-arachidonoyl-dopamine
(NADA), free radicals, and isothiocyanate allyl (Caterina
et al. 1997; Wu et al. 2015). TRPV1 plays a role in
creating a sense of heat, inflammation, and pain that is
expressed in neurogenic neurons and mediating chronic
pain in non-peptidergic neurons (Takayama et al. 2015).
TRPV1 is a series of non-specific cationic channels
permeable to calcium (Ca?*); it increases the intracellular
Ca?* (Fenwick et al. 2017). Also, increasing Ca?* through
various pathways affects incitement toxicity in neurons,
such as increasing glutamate, activation of proteases and
lipases, which damage the cell membrane (Nita et al.
2016).

Since the TRPV1 channel is activated with pH
changes, increasing temperature, free radicals, and
oxidative stress, it may be a favorable measure for
detecting the effect of microwave non-ionizing radiation
on cellular and molecular responses, so the goal of this
scoping review study is to determine the impact of mobile
and wireless radiation on the TRPV1 channel mechanism,
oxidative stress, apoptosis and reactive oxygen species
(ROS).

Methods

This study is based on the checklist and description
of Preferred Reporting Items for Systematic reviews and
the application of meta-analysis for Scoping Reviews
(PRISMA-ScR) checklist and explanation (Tricco et al.
2018)
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Figure 1. Study Flow Diagram showing how to extract articles.

Inclusion and exclusion criteria

Inclusion criteria: All published original articles have
reported an association between cell phone and wireless
radiation (9 kHz to 300 GHz) with the TRPV1 channel
activation. Exclusion criteria: Any review studies
(Narrative, Systematic review, scoping review, Meta-
analysis review, and umbrella review), letters to the editor
without original data, commentaries and editorials, Case
series, case reports, and other single-arm studies were
excluded.

Population

For this scoping analysis, no restriction was
considered to the population used in the experiments, and
all human samples (female, male) and animal were
analyzed.

J Cell Neurosci Oxid Stress 2020; 12: 937 - 946

Outcome

The impact of radiations on TRPV1 channel
mechanism activation, oxidative stress, apoptosis, ROS,
exposure type, exposure duration, and Specific
Absorption Rate (SAR) considered.

Search method

International databases systematically were checked
to classify the related studies, including PubMed, Scopus,
Cochrane Library, CINAHL, ISI Web of Science, Science
Direct from inception, PROSPERO and EMBASE using
medical subject headings (Mesh) terms, such as “cell

LR N3 EERNNT3

phone,” “mobile phone,” “global system for mobile
(GSM),” “radio frequency,” "smartphone," "wireless,"
"Wi-Fi," "microwave" and were linked with key terms
“TRPV1,” “Ca®",” "channel". The search is included in

the gap from 1980 until 2019. Also, we have manually
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reviewed associated papers through the reference lists of
potentially selected studies.

System of data extraction and quality assurance

Two reviewers (K.SH. and F.R.) separately
performed screening, taking into account selection
criteria; then the data were collected and cross-checked.
Any inconsistencies were addressed by consultation with
a third reviewer (Gh.H.). The information including
author name, publication year, country, target group, the
period of exposure (h), and results were obtained. Two
researchers have independently carried out quality
evaluations of the selected studies using the updated
Jadad Scale for randomized controlled trials (Oremus et
al. 2001), the methodological index for non-randomized
studies  (MINORS)  tool for  non-randomized
interventional study (Slim et al. 2003), the Newcastle
Ottawa Scale (NOS) tool for observational study
(Peterson et al. 2011), and the collaborative approach to
meta-analysis and review of evaluation from experimental
research (CAMARADES) method for animal study
(Macleod et al. 2004).

Results

Eventually, a total of 232 related studies were
initially found. After the title—abstract screening, 225
studies were excluded, and seven studies were used for
the scope analysis (Cig and Naziroglu 2015; Ertilav et al.
2018; Ghazizadeh and Naziroglu 2014; Naziroglu et al.
2015; Ruigrok et al. 2018; Yuksel et al. 2016; Haas et al.
2016). Figure 1 shows the search method and the number
of researches found and chose during each search process.

The descriptions of the included studies were shown
in Table 1. Included studies were classified based on the
experimental model (in vivo and in vitro). Total of seven
studies comprising 137 cases, three studies in vitro
comprising breast cancer cell line Michigan cancer
foundation-7 (MCF-7), embryonic kidney HEK293T cells
and rabbit polyclonal anti-TRPV1. Four in vivo studies
comprising 21 male and 24 females Wistar albino rats.

Exposure instrument

The frequency limit used in the trials was 900 MHz-
60.4 GHz and the SAR range was 0.52 mW / kg -263.5 W
/ kg. Researchers have used millimeter waves (MMW),
continuous waveform (CW), GSM, universal mobile
telecommunication systems (UMTS), long term evolution

J Cell Neurosci Oxid Stress 2020; 12: 937 - 946

(LTE), wireless and worldwide interoperability for
microwave access (WiMAX) for exposure equipment.

Distance

The distance between the sources and cell or animal
was reported in the five studies (Cig and Naziroglu 2015;
Ertilav et al. 2018; Ghazizadeh and Naziroglu 2014;
Naziroglu et al. 2015; Yuksel et al. 2016). The range of
the distance was 0 to 25 centimeters (Cms).

Neural cells

In three studies, the origin cells were derived from
the hippocampus (HIPPON) and dorsal root ganglion
(DRGN) (Ertilav et al. 2018; Ghazizadeh and Naziroglu,
2014; Naziroglu et al. 2015). Two of these indicated that
cell phones induced mitochondrial ROS, oxidative stress-
induced in the hippocampus, mitochondrial apoptosis via
activation of TRPV1 in HIPPON and DRGN cells
(Ertilav et al. 2018; Ghazizadeh and Naziroglu 2014). In
contrast M Naziroglu et al. 2015 show that apoptosis,
caspase-3, caspase-9, ROS, mitochondrial depolarization,
and Ca?* influx via TRPV1 channel were enhanced in the
hippocampal neurons (Naziroglu et al. 2015).

Cancer cells

One study used a breast cancer cell line (MCF-7)
(Cig and Naziroglu 2015). In this in vitro study, human
breast cancer cell was exposed to cell phone and Wi-Fi
(900, 1800 MHz and 2.4 GHz) radiation in different
distances. This study showed that in 10 cm distance from
the source of the cells,
apoptosis were induced, and these led to an increase in
cytosolic Ca®* level via TRPV1. The use of TRPV1
channel blockers may present a potential therapeutic
approach for the mobile and Wi-Fi-induced oxidative
stress and apoptosis by Ca?* gathering.

oxidative overactions and

Other cells

In three studies, researchers have used different
types of cells. Yiiksel et al. (2016) exposed 32 rats and 40
newborn offspring by cell phone (900 and 1800 MHz)
and Wi-Fi (2450 MHz) for 260 hours. After exposing
they show that cell phone and Wi-Fi-induced
electromagnetic radiation (EMR) might be a reason for
raised uterine injury in growing rats by changing TRPV1
cation channels activation (Yuksel et al. 2016). In
contrast, in two other studies, the impact of EMR was not
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Table 1. General characteristics of the included studies.

Ghazizadeh V,

Control, PTZ, PTZ + 1-hour Wi-Fi

e Epilepsy and Wi-Fi in our experimental model is
involved in Ca?* influx.

. . Wi-Fi (900, 1800 MHz | 0.52+0.05 o Oxidative stress-induced hippocampal.
NaZIroglu M 2014 . . . 20 Male Wistar HIPPON and Exposure, PTZ + 1-hour Wi-Fi 1 . .
(Ghazizadeh and Turkey invivo Animal Albino rats DRGN and 2.4 GHz) mW/kg P 25 * DRGN * death through activation of TRPV1
i Exposure + CPZ channels.
Naziroglu, 2014) . . . L
o Negative modulation of this channel activity by
CPZ pretreatment.
¢ In 10 cm of the cells induced excessive oxidative
Cell phones and Wi-Fi responses and apoptosis via TRPV1-induced
B Cig, M Naziroglu 0.36 £ 0.02 Control, 900 MHz, 1800 MHz, 2.4 cytosolic Ca?*.
2015 (Cig and Turkey in vitro Human cell - breast cancer Cell |~ (900, 1800 MHz and 1 0.1,5 10,20, | | Use of TRPV1 channel blockers may provide a
: line (MCF-7) mW/kg GHz 25 . )

Naziroglu, 2015) 2.4 GHz) potential therapeutic approach for the Cell phone
and Wi-Fi-induced oxidative stress and apoptosis
by calcium accumulation.

e The Cell phone did not change apoptosis,
M Naziroglu et al., 21 male Wistar Cell phones 0.001 exposure, PTZ + 1 hour 900 MH 1 05 By Epilepsy’ induction apoptosis, caspase-3
i i 1 i . X ure, u z . ’ 9,
2015 (Ne;z(;;gg;lu etal., Turkey I vivo Animal Albino rats HIPPON (900 MHz) caspase-9, ROS, and mitochondrial depolarization
mWikg exposure + CPZ and Ca?* influx via TRPV1 channel were increased
in the hippocampal neurons.
Cell phone (900 and ) L
Yiiksel M et al.. 2016 32 rats and 40 | 0.15%0.10 e Mobile phone- and Wi-Fi-induced EMR may be
yaser v et al Turkey in vivo Animal newborn Uterus 1800 MHz) and Wi-Fi Control, 900, 1800, and 2450 MHz 260 10,25 one cause of increased oxidative uterine injury in
(Yuksel et al., 2016) - Wikg .
offspring (2450 MHz) growing rats.
Haas AJ et al., 2016 France in vitro Animal _ Rabbit polyclonal 60.4 GHz MMW 2635 Control, Sham, MMW 24 - eNo impact of MMW exposure on protein
(Haas et al., 2016) anti-TRPV1 expressions of TRPV1.
K Ertilav et al., 2018 ke v Animal 24 female HIPPON and Cell phones (900, 1800 | 0.15+0.10 | Control, 900 MHz, 900 MHz + CPZ, 240 10 . g:rsél ;r:)or:gssén\(/jiicaecmzic;?r;?r_:_aéPR\?lsiﬁra?g;tg)Q
(Ertilav et al., 2018) y Wistar rats DRGN MHz) Wikg 1800 MHz, 1800 MHz + CPZ Ppop
and DRGN cells.
RF-EMF (1800 MHz) between 8 e We found no evidence of such nonthermal
Ruigrok HJ et al., L Signals (CW, GSM, mechanism on the activity of the TRPV1
2018 (Ruigrok et al., France in vitro Animal -- Embryonic kidney and 32 -- -- - thermoreceptor.
HEK?293T cells UMTS, LTE, . .
2018) W/kg o No electronic resonant absorptions, as opposed to

Wi-Fi and WiMAX)

the visible range.

Hippocampus (HIPPON), Dorsal root ganglion (DRGN), Specific absorption rate (SAR), Pentylentetrazol (PTZ), Capsazepine (CPZ), Michigan Cancer Foundation-7 (MCF-7), Radiofrequency electromagnetic field (RF-EMF), Reactive
oxygen species (ROS), Continuous waveform (CW), Universal Mobile Telecommunication Systems (UMTS), Long term evolution (LTE), Worldwide Interoperability for Microwave Access (WiMAX), Millimeter waves (MMW)
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observed on expressions of protein TRPV1 (Haas et al.
2016; Ruigrok et al. 2018).

Discussion

Based on our knowledge, it is the first scoping
review which is linking cell phones to wireless radiation
on TRPV1 channel activation. In the recent century,
humans have to make communications, for this stronger
electromagnetic radiation is required. So, the new
generation of these technologies (up to the 5G network)
must be tested for biological compatibility before
universal use.

Non-ionizing radiation exists in many sources that
were around us. Cell phones and wireless devices are the
most equipment that we use. After NIR discovery, some
researchers tried to show how this magical harmful
radiation for humans (International Commission on Non-
lonizing Radiation 2017). But due to this radiation has not
enough energy to dislodge electrons and produce free
electron, that would have a direct effect on critical
purpose such as deoxyribonucleic acid (DNA) and make
it impossible the breaking chemical bonds (Havas 2017).

Important free radicals involved in the disease
process are superoxide (O72), hydroxyl ("OH), peroxyl
(RO, alkoxyl (RO") and hydroperoxyl (HO2") radicals
are produced from molecular oxygen. Some molecules,
like hydrogen peroxide (H20.), Hypochlorous acid
(HOCI") and single oxygen (*O;), have the same function
as free radicals (Dodd and Ebert 1969; Carrington and
Stein 1962). In this mechanism, NIR may lead to anti-
oxidants that neutralize free radicals (Phillips et al. 2009).
For this evidence has been suggested that the Fenton and
Haber Weiss reaction plays a role in free radical
generation possibility with NIR (Yakymenko et al. 2016;
Lai and Singh 2004).

The presence of active metals, such as Fe*? and
Fe*3, is essential in the production of ROS. ROS as a by-
product of the oxidative phosphorylation process in the
electron transport chain of mitochondrial complex |
(nicotinamide adenine dinucleotide (NADH) - coenzyme
Q) and Il (coenzyme Q — cytochrome c reductase),
released into the matrix space (Vicente-Gutierrez et al.
2019; Bhat et al. 2015). During this reaction, under
hydrogen peroxide effect, the iron ions are resuspended
and the active hydroxyl radical is produced (Hu et al.
2017; Formanowicz et al. 2018). For increased Ca?* entry,
the mitochondrial inner membrane depolarization plays a

J Cell Neurosci Oxid Stress 2020; 12: 937 - 946

critical role in excessive ROS production (Espino et al.
2009), caspase 3 and 9 activations in neuronal cells and
neurodegenerative diseases (Kovacs et al. 2005; Hong et
al. 2008; Granatiero et al. 2017; Paradies et al. 2017).

Some studies show wireless and cell phone radiation
can alter the intracellular Ca®* efflux in neuronal cells
(Grassi et al. 2004; Manikonda et al. 2007; Ammari et al.
2008; Carballo-Quintas et al. 2011); whereas five studies
not reported a significant Ca?* efflux in neuronal cells
following wireless and cell phone radiation (Platano et al.
2007; O'Connor et al. 2010, Ghazizadeh and Naziroglu
2014; Naziroglu et al. 2015; Ruigrok et al. 2018).

Some of the extreme Ca?* in the cytosol enters the
organelles and increases cell stress (Ca?* release from the
smooth endoplasmic reticulum (SER) also increases
cytosolic Ca?* levels and thereby enhances cell stress).
The resulting cell stress disrupts cell metabolism,
including the balance of free radicals and increases the
risk of ROS production (Razavi et al. 2006; Iftinca et al.
2016). Following the increase in cytosolic Ca?*, some of
the cytosolic Ca®* is entered into the nucleus, which
increases the amount of nuclear Ca?* that causes cell
stress and subsequently increases the amount of ROS
resulting in DNA damage (Fenwick et al. 2017; Iftinca et
al. 2016).

Many stimuli can stimulate the TRPV1 channel, the
most important of them increase the temperature over 42
°C (Sosa-Pagan et al. 2017). By increasing the amount of
radiation and then increasing the temperature to the
considered level, the TRPV1 channel is activated and
opened, resulting in extracellular Ca?* entering the cell
and increasing cytosolic Ca?* levels (Eigure 2) (Fenwick
et al. 2017).

Some of the extra cytosolic Ca®* also enters the
mitochondria through mechanisms that increase the level
of mitochondrial Ca?* (Ghazizadeh and Naziroglu 2014;
Manikonda et al. 2007; Platano et al. 2007). In the inner
mitochondrial membrane, there is a pore called the
permeability transition (PT) pore, which consists of
several components including cyclophilin (Cyp)-D,
Voltage-dependent anion-selective channel (VDAC) and
adenine nucleotide translocase (ANT) that Cyp-D plays a
key role in regulating channel opening (Giorgio et al.
2018). These pores open up with increasing mitochondrial
Ca®** and cause mitochondrial permeability transition
(MPT), which carries ions, antioxidants, free radicals,
apoptosis-inducing factor (AIF), Endonuclease G

942



Cell phone and Wireless radiation on TRPV1 channel activation

Incru;ngl ls;nprf::um (>42°C)
EMF xidative Stress
et e
%
CNS
Fenton and
ROS Haber Weiss reaction
02 . HO_ 7 HBO2 4 ‘OH 7 HZO
e bydoperaist € Tydrogen e noeyl @
odal rs radcal
I \
£
. & » l &'
o O2 T - \
i 2e = )
“‘dm -“.P‘mj -
4@% N
FREE RADICALS /2 %
s

MITOCHONDRION

Figure 2. Possible molecular pathways of cell-p
oxidative stress and apoptosis values through TRPV1 cation channels neuronal cell.

(ENDOG) into the cytosol (Motloch et al. 2016). AIF
and ENDOG also induce chromatin and DNA
fragmentation by a translation into the nucleus (Sun et al.
2017).

Following DNA damage, p53 is activated and
expresses genes of the pro-apoptotic family including
Bax, Noxa, and Puma (Hafner et al. 2019). This disrupts
the release of apoptotic factors like cytochrome (Cyt)-c
and the Smac-DIABLO complex (Mastrangelo et al.
2015). Cyt-c connects to apoptotic protease activating

J Cell Neurosci Oxid Stress 2020; 12: 937 - 946

hone and wireless radiation on Ca2+ signaling,

factor 1 (APFA1) (an adapter protein) to form an
apoptosome complex that induces apoptosis by activating
primary and secondary caspases (Ting et al. 2008). The
Smac-DIABLO complex also facilitates the activation of
caspases by suppressing the inhibitor of apoptosis (IAPS)
(YYan et al. 2004).

As a result of increasing Ca?* level, cell stress and
consequently mitochondrial ROS, including superoxide
radical and H,O,, will increase (La Rovere et al. 2016).
When H;0, exceeds the normal level, it begins to interact
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with Fe, which results in the initiation of the Fenton
reaction (Mostofa and Sakugawa 2016). In this reaction,
H,0; reacts with Fe?* and results in the production of Fe3*
and "OH (Wiegand et al. 2017). Then Fe3* results with
H,0, to produce HO,, hydroxyl radicals are also produced
according to the Haber-Wiess reaction from the reaction
of O and H,0,. These chain reactions continue and
produce some kind of free radicals which finally lead to
inducing apoptosis and cell death (Floyd and Nagy 1984;
Schafer et al. 2000).

In conclusion, our review shows that cell phone and
wireless radiation have a possible effect on Ca?* signaling
by activation TRPV1 channel, and this reaction may
induce ROS, Fenton and Haber-Weiss reaction that this

reaction increases free radicals’ level in the mitochondria.
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