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ABSTRACT Keywords
Background: Mobile phones are high performance devices that consume a lot of energy Mobile phone radiation
and also generate heat in form of microwaves. This heat is mainly created by the high Oxidative stress

frequency electromagnetic fields that transmit voice or data in mobile communications.
Moreover, mobile phones also possess non-thermal radiation which has been shown to
induce oxidative stress and molecular and cellular damage. L-929
Cell regeneration

Fibroblast

Material and methods: In this study not only the dynamic process of cellular damage
following oxidative stress from the radiation of an actively transmitting mobile phone Cell culture
was investigated, but also a device named Qi-Shield, which claims to protect from

the adverse effects of a mobile phone & WLAN radiation at realistic conditions. The

regeneration process of cultured connective tissue cells (cell line L-929) which results

in the closure of an artificial cell-free area by cell proliferation and migration, was used

for continuous video micrography evaluation for more than 60 hours. Three different

experimental approaches were conducted: (1) Regeneration of untreated control cells;

(2) Regeneration of unprotected cells after 4 hours of mobile phone radiation; (3)

Regeneration of Qi-Shield protected cells after 4 hours of mobile phone radiation.

For definite time points during the regeneration process the residual cell-free area

was examined by a specialized software with artificial intelligence. Four independent

experiments over a period of four weeks were conducted.

Results and conclusions: A quite consistent cell reaction for the three different
experimental approaches was observed in all experiments. The unexposed control cells
showed a nearly linear reduction of the cell-free area with a time point of closure at
50 hours. The unprotected cells after mobile phone exposure also showed a roughly
linear reduction of the cell-free area, but its magnitude was significantly lower and did
not result in any closure of the cell-free area. The cells protected by Qi-Shield behaved
very close to the unexposed cells, although a closure of the cell-free area within 60
hours of regeneration was only observed in two of four experiments. When calculating
a relation between the values at 50 hours of regeneration by setting the value for the
reduction of unexposed control cells as 100 %, a reduction value of 22 % was obtained
for the unprotected cells, but 82.7 % for the Qi-Shield protected cells. Therefore, Qi-
Shield was able to protect cells from the adverse effects of mobile phone & WLAN
radiation by more than 82 %. The results clearly demonstrate the different dynamic
reactions of connective tissue cells after mobile phone radiation and the successful use
of Qi-Shield to reduce adverse cellular effects.
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INTRODUCTION

Mobile phones are high performance devices that consume
a lot of energy and also generate heat due to microwaves
transmitted by the handset [1]. This heat is mainly created by
the high frequency electromagnetic fields that transmit voice or
data in mobile communications [2,3]. Moreover, mobile phone
radiatiion can also cause non-thermal biological effects which
have been shown to induce oxidative stress and cell damage
[4-8]. The components of mobile phones also become hot
during operation, due to the heating of the battery, processor,
screen and radiofrequency broadcasting compnonents.

The skin is the largest organ system of the body. The integrity of
a healthy skin plays a crucial role in maintaining physiological
homeostasis of the human body and its protection against
numerous exogenous traumata [9]. Connective tissue is one of
the many basic types of animal tissue and is found between
other tissues in the body. Especially dermal connective tissue
connects all distinct cells and tissues of the skin to a functional
organ [10]. Fibroblasts constitute the principal component of
the connective tissue.

Regeneration of complex structures such as the skin after injury
requires dramatic changes in cellular behaviour. Regenerating
tissues initiate a program that includes diverse processes such
as wound healing, cell death and dedifferentiation. Moreover,
newly regenerated tissues must integrate into preexisting
cellular structures [11-13].

We used a bioassay which permits the evaluation of the effect
of oxidative stress resulting from the radiation of an actively
transmitting mobile phone by evaluating the regeneration
process of connective tissue fibroblasts. The experimental
setup was adapted to a realistic situation which has been shown
to be more meaningful than a controlled situation at laboratory
conditions using “test” generators with invariant parameters
such as intensity, frequency etc. [14].

In addition, we also studied the question whether the Qi-Shield
device might be able to protect the cell regeneration process from
oxidative stress due to mobile phone radiation. According to the
manufacturer, Waveguard GmbH, D-02625 Bautzen, Germany,
“human beings and the environment are always in direct
frequency exchange. Every body needs natural waves to stay in
balance. It is the unnatural frequencies, on the other hand, that
disturb this harmony ... We have also developed Qi technology,
which protects against electrosmog with natural frequencies”.

MATERIAL AND METHODS
Qi-Shield device

Qi-Shield was kindly provided by Waveguard GmbH, D-02625
Bautzen, Germany, for the duration of the experiments.
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Mobile phone

A current and commercially available mobile phone from
a leading brand manufacturer with a SAR value of 0.76 W/
kg was used. No distinction was made between thermal and
non-thermal radiation, because both are also present in reality
when making a call and have an impact on the human body and
systemic health [15-17].

Cultivation of connective tissue fibroblasts

The investigations were conducted with connective tissue
fibroblasts (cell line L-929, ACC-2, Leibniz Institute DSMZ,
Braunschweig, Germany). The cells were routinely cultured
in RPMI 1640 medium with 10 % growth mixture and 0.5
% gentamycin in an incubator (Binder CB 150, Tuttlingen,
Germany) at 37 °C in an atmosphere of 5 % CO, and 95 %
air at approximately 100 % humidity. All cell culture reagents
were purchased from Pan-Biotech, Aidenbach, Germany. Cells
were routinely cultivated as mass cultures and were regularly
subcultured twice a week with fresh culture medium. For the
four independent experiments, cells were taken within a time
period of four weeks from 80-90 % confluent mass cultures.

Cell regeneration after mobile phone radiation

Cells were seeded at a density of 100,000 cells/ml into the four
individual compartments of a silicone 4 well-culture insert
(ibidi, Gréfelfing, Germany). The single compartments of the
inserts are separated by a 500 um thick silicone bar with an
outer silicone frame of 700 pm. Due to the special adhesion
area, each insert adheres firmly to the bottom of a culture dish
and forms a distinct cell-free area (artificial wound), which the
cells can colonize by migration and proliferation after removal
of the silicone frame.

Upon reaching confluency within 48 hours after cell seeding
into the inserts, the cells were exposed to the radiation of an
actively transmitting mobile phone & WLAN with and without
Qi-Shield. The Qi-Shield was placed in a distance of 50 cm to
the incubator. The cell culture dishes were placed in separate
mini-incubators without gassing. The actively transmitting
mobile phone was placed for 4 hours at 37 °C below the culture
dishes. To avoid any pH changes during exposure at normal air
conditions in the mini-incubators, the routine culture medium
was replaced by a mixture of Leibowitz L-15 and RPMI 1640
(2:1) with 5 % growth mixture, 0.5 % gentamycin and 20 mM
HEPES buffer. Cells which were cultured in the same way in
another mini-incubator without mobile phone radiation, served
as corresponding controls. The controls were at least 20 meters
away and several walls were between the exposed cells and
the controls. After 4 hours of radiation, the silicone frames
were carefully removed and several washings were performed
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in order to eliminate any floating cells in the cell-free areas.
Finally, fresh Leibowitz L-15/RPMI 1640 medium (see above)
was added and the cultures were transfered to the incubator
unit at the stage of the inverted microscope for continuous
monitoring by video micrography for a minimum of 60 hours.

Continuous monitoring of cell regeneration by
video micrography

During the regeneration process after mobile phone exposure +
Qi-Shield protection, fibroblasts were continuously monitored by
an acA 1920-150uc USB 3.0 camera with the ON Semiconductor
Python 2000 CMOS sensor (Basler AG, D-22926 Ahrensburg,
Germany). By using the Pylon software (version 4.2.0.4240;
Basler) one frame (= picture) per minute was recorded using
a temperature-controlled glass incubator (ibidi, Grifelfing,
Germany) mounted on the stage of an Olympus IX 50 inverted
microscope equipped with an Olympus Planachromate 10x lens.
More than 4,000 single pictures for each single experiment were
recorded. Thereafter, single pictures were mounted to time-lapse
video clips, which were able to demonstrate the resulting effects
dynamically (notshown here). Inaddition, at definite time points of
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cell regeneration, the micrographs were taken for the examination
of the residual cell-free area in relation to regeneration time by
a specialized software with artificial intelligence from KML
Vision, Graz, Austria (IKOSA Al software). A total number of
four independent experiments conducted over a period of several
weeks were taken for this study.

RESULTS

As depicted in Figure 1A for unexposed control cells, the
closure of the cell-free area by connective tissue fibroblasts
was finished within 60 hours. In contrast, as shown in Figure
1B, mobile phone radiation caused a marked reduction in cell
regenerative activity with a nearly complete inhibition of cell
proliferation and migration. Moreover, numerous rounded and
even detached cells with membrane damages representing
dead cells were observed. The use of Qi-Shield resulted in a
protection of the cells against reduction in cell regenerative
activity after mobile phone radiation, i.e. connective tissue
fibroblasts were still viable and proliferated and migrated only
slightly slower than the control cells. As a matter of fact, there
was a marginal cell-free area left after 60 hours (Figure 1C).
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Figure 1: Original micrographs of cultured connective tissue fibroblasts closing a cell-free area within a time period of 60
hours after mobile phone & WLAN radiation. (A) Untreated control cells at the same culture conditions, but without any
exposure to mobile phone radiation. (B) Unprotected cells after 4 hours of mobile phone radiation. (C) Qi-Shield protected
cells after 4 hours of mobile phone radiation. Note the largely decreased colonization of the cell-free area as well as the
rounding of the cells in (B). Untreated control and Qi-Shield protected cells show a very similar colonization pattern.
Regeneration time points: 0 — 30 — 60 hours after mobile phone radiation.
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A quite consistent cell reaction for the three different
experimental approaches was seen in all experiments (Figure
2). The unexposed control cells showed a nearly linear
reduction of the cell-free area with a time point of closure at 50
hours. The unprotected cells after mobile phone exposure also
showed a roughly linear reduction of the cell-free area, but its
magnitude was significantly lower. The cells protected by Qi-
Shield behaved very similar to the unexposed cells, although
a closure of the cell-free area at 60 hours of regeneration was
only observed in two of four experiments.

When summarizing all the data from the four independent
experiments (Figure 3), it can be seen that the residual cell-free
area of the unexposed control was reduced from 59.3 + 4.4 %
of total area to 0.2 £ 0.2 % (mean value + standard deviation)
after 50 hours. For the unprotected cells this reduction of the
residual cell-free area was calculated to be from 56.4 + 4.2
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% to 43.4 £ 7.6 % (mean value + standard deviation) after 50
hours, and for Qi-Shield protected cells the residual cell-free
area was reduced from 59.4 + 1.8 % to 10.6 + 7.6 % (mean
value + standard deviation) after 50 hours. The reduction of
cell-free area by the regeneration process was about 59 %
for unexposed control, only 13 % for unprotected cells, but
48.8 % for Qi-Shield protected cells. The reduction between
unexposed cells as well as Qi-Shield protected cells vs.
unprotected cells was highly significant (p < 0,01; two-tailed
Wilcoxon-Mann-Whitney test). When calculating a relation
between the values at 50 hours of regeneration by setting the
value for the reduction of unexposed control cells as 100 %,
you get a value of 22 % for the unprotected cells and 82.7
% for the Qi-Shield protected cells. Therefore, Qi-Shield was
able to protect cells from the adverse effects of mobile phone
radiation & WLAN by more than 82 %.
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Figure 2: Presentation of the results of the four single independent experiments on cell regeneration after mobile phone
& WLAN exposure with and without Qi-Shield by subsequent cultivation for 65 hours in comparison to untreated control
cells. Note the consistency of the cell behaviour in all experiments which confirms the observed effects in Figure 1. The

single independent experiments were conducted over a period of four weeks.
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Figure 3: Summarized data of Figure 2 on cell regeneration
after mobile phone & WLAN exposure with and without
Qi-Shield by subsequent cultivation for 65 hours in
comparison to untreated control cells. Note that the
residual cell-free areas of untreated control cells and Qi-
Shield protected cells differ only slightly from each other,
whereas unprotected cells have a significantly higher cell-
free area due to a reduced cell proliferative and migratory
activity and even cell death. Data represent mean value +

standard deviation of four independent experiments.

DISCUSSION

The main problem of studies on whole multi cellular organisms
such as experimental animals or volunteers is the complexity
of the test systems. There are numerous unknown variables
which are difficult to be established. In contrast, cultivation
of eukaryotic cells can be standardized and provides the
opportunity to vary different factors depending on the
experimental needs. Therefore, cell culture studies which
focus on one single aspect of cell behaviour such as the cell
regeneration process are meaningful approaches to describe the
effects of exogenous traumata such as mobile phone radiation
and the resulting oxidative stress on the cells. Usually, methods
by an end-point examination are used. To our knowledge,
this is the first morphological study which sheds light on the
dynamic cellular alterations during the regeneration process
after mobile phone-induced oxidative stress.

There is another essential aspect which has been taken into
account in the present study. It is the observation between the
results of experimental studies that represent realistic exposures
from commercially available devices (i.e. mobile phones or other
telecommunication devices) and studies simulating exposures
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from “test” generators or “test” phones with similar parameters.
While about 50 % of the studies using simulated exposures
did not find any effects, studies using a realistic exposure from
commercially available devices demonstrated an almost 100 %
consistency in showing adverse effects [18-20].

In vivo, the cell regeneration/wound healing process can be
divided into distinct phases: In-flammatory phase, granulation
phase and differentiation phase [21-24]. In the present study,
especially the granulation phase with an increased proliferation
and migration of the cells in order to close the wound (=cell-free
area) was investigated. Cultured connective tissue fibroblasts
were used to examine the reduction in cell regenerative activity
caused by mobile phone radiation & WLAN with and without
the protection of Qi-Shield.

Although reactive oxygen species are generated as by-products
of normal cellular metabolic activities which can be inactivated
by endogenous enzymes such as superoxide dismutase,
glutathione peroxidase and catalase, an excess of reactive
oxygen species as generated by mobile phone radiation can be
inactivated by these enzymes only insufficiently causing health
consequences [25-27].

We were able to demonstrate that connective tissue cells are
quite sensitive against oxidative stress induced by mobile
phone radiation & WLAN which caused a nearly complete
inhibition of cell proliferation and migration. In our study,
the complete inhibition of cell activity became visible within
a short period of time after radiation in the continuous video
monitoring and succeded in a roughly linear way over time.
This might be related to the prompt activation of intracellular
signalling cascades [28] as well as to Ca?* shifts [29,30].

However, the most interesting aspect of this study is the use of
Qi-Shield to protect from oxidative stress resulting from mobile
phone radiation. As demonstrated very consistently, Qi-Shield
was able to protect the cells in all four experiments. Although
there were variations from experiment to experiment, the
summarized data for each time point gave a very convincing
impression on the actual efficacy of the device. Except for single
data points, there was no significant difference between the
controls which have not been exposed to mobile phone radiation
and the Qi-Shield protected cells after mobile phone radiation.
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