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Abstract — The increasing convenience and benefits
provided by wireless technology innovations may also
affect the human health because of Wi-Fi electromagnetic
radiation. The effects of 2.45 GHz Wi-Fi on oxidative
stress (OS) in MC3T3-E1 cells and the protective role
of vitamin C are presented and analyzed in this paper.
MC3T3-E1 cells were exposed to 100 mW and 500 mW
2.45 GHz Wi-Fi signals at specific absorption rates
(SARs) of 0.1671 W/kg and 0.8356 W/kg, referred to as
SARa and SARDb, respectively, for 0-180 minutes to
determine the optimal irradiation time by testing reactive
oxygen species (ROS) and glutathione (GSH).
Following irradiation for the optimal irradiation time,
ROS levels were assayed for 0-120 min after each
irradiation. Additional vitamin C is added to the medium
to investigate the effect on ROS and GSH. A FDTD
simulation showed that the cell layer temperature
increased by 0.1°C and 0.5°C after being exposed in
the SARa and SARDb for the optimal irradiation time
(90 min). Ninety min of Wi-Fi irradiation provoked an
obvious increment in ROS and GSH on the first day, and
the ROS level returned to the initial level 30 min after
the irradiation; however, on the third day, it took 90-120
min for ROS to return to baseline. Vitamin C significantly
reduced ROS levels and recovery times. In conclusion,
2.45 GHz Wi-Fi radiation triggered oxidative stress
in osteoblasts 3cm from the source antenna. Vitamin
C effectively reduced the ROS levels stimulated by
nonthermal effects of Wi-Fi irradiation.

Index Terms — FDTD, in vitro, osteoblast, oxidative
stress, temperature.

I. INTRODUCTION
Wi-Fi, a wireless network technique that emits
radiation mostly at 2.45 GHz in the radio frequency
(RF) range, affects the human body mainly through
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nonthermal effects [1]. However, several reports have
addressed the problem of temperature measurements,
since some researchers continue to believe that the
biological effects of Wi-Fi irradiation can be attributed
to increases in temperature [2]. The determination of
whether the biological effects of Wi-Fi being caused
by thermal or nonthermal effects requires a clear
understanding of the temperature increase in biological
tissue.

Bone is a metabolically active organ that
continuously renews itself throughout life through a
dynamic equilibrium dominated by three major types of
bone cells: osteoclasts, osteoblasts and osteocytes [3].
Bone homeostasis can be disturbed by a variety of
endogenous and exogenous factors, such as inflammation
[4], loading [5], diabetes [6] and electromagnetic fields
(EMFs) [7]. OS as a consequence of an oxidant-
antioxidant imbalance favoring oxidants is the most
direct response to a variety of adverse stimuli [8]. EMFs
have been reported to increase the production or longer
presence of free radicals which are the endogenous
mechanism responsible for OS [9]. OS induced by Wi-
Fi irradiation has been confirmed in the brain [10], liver
[11], laryngotracheal mucosa [12] and uterus [13] in
vivo experiments, and Cig B [14] found that the
electromagnetic radiation (EMR) from Wi-Fi devices
and mobile phones placed within 10 cm of cells induced
OS in MCF-7 cells in vitro. In addition, vitamin C, an
important free-radical scavenger, is considered to be an
important inhibitor of Wi-Fi-related OS in the rat liver
[11]. Thus, it is reasonable to presume that OS induced
by Wi-Fi in osteoblasts might also be suppressed by
vitamin C.

In this paper, the effects of 2.45 GHz Wi-Fi on OS
in MC3T3-E1 cells and the protective role of vitamin C
are presented and analyzed in detail. The contribution of
this paper can be outlined as follows. (1) The specific

1054-4887 © ACES



absorption rates in the cell’s were calculated in the 2.45
GHz Wi-Fi environment. (2) The temperature difference
in the cell layer was analyzed. (3) Wi-Fi induced ROS
and GSH changes were found. (4) The role of vitamin C
in reducing OS was confirmed.

I1. MATERIALS AND METHODS

A. Wi-Fi exposure settings

A laptop computer with Wi-Fi antenna, 60-mm cell
culture dishes containing 4 mL of culture medium and a
Wi-Fi router were placed in a Forma Series 1l 3110
Water Jacketed CO; Incubator (Thermo Fisher Scientific
Inc., Waltham, USA) with 5% CO; at 37°C, as illustrated
in Fig. 1. In the control group, the Wi-Fi router and
computer were placed in the cell incubator in an open
position without data transmission. The distance between
culture dishes and router antennas is approximately 3
cm.

B. Thermal simulation
The FDTD method (Lumerica Solutions Inc.,
Vancouver, Canada) was employed to assess the SAR
distribution in the cell monolayer. In the research of [15]
the temperature of cells was carefully calculated with
Debye’s parameters of the cornea and aqueous humor by
FDTD. However, it was confirmed by [16] that the effect
of cell layers on the power delivery or heating of liquid
is negligible. Consequently, the model in this research
was simplified and the last layer (0.1 mm) of the culture
medium was considered as the cell monolayer. The
detailed steps and methods of FDTD was describe in [17]
and [18]. The determination inside biological solution is
expressed in terms of the specific absorption rate:
saR = Z|E|. (1)
Where E is the root-mean-square local electric field
strength (V/m), 6 is the electric conductivity (S/m), and
p is the sample density (kg/m3). If the electric field
components of a point (i, j, K) in an organism are Ex, Ey
and Ez respectively, the distributional SAR can be
calculated by the following formula (2), expressed in
SAR(#), which is defined as the electromagnetic power
absorbed per unit mass of a biological tissue at a distance
7 adjacent to at any point:
SAR(P) = 5o [0 (0, OE2 (L j, ) +
oy (L), K)E; (i,), k) + 0,(L,j, K)EZ (i, k). (2)
The dielectric and material thermal parameters
at 37°C and 2.45 GHz are given in Table 1. The
temperature of the surrounding atmosphere was assumed
to be stable at 37°C. The voxel size was 0.1 mm, and the
time step was 0.1 seconds. The last layer (height 0.1 mm)
of the culture medium was considered the cell monolayer.
The specific absorption rates are 0.1671 W/kg and
0.8356 W/kg for 100 mW and 500 mW Wi-Fi radiation,
referred to as SARa and SARD, respectively.
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The thermodynamics equation was used to
determine the temperature increase in the cell monolayer
at the bottom of the culture dishes. The thermodynamics
equation is as follows [20]:

Cp=. = KV?T + p(SAR) — BT. 3)
Where T is the temperature (K), C is the specific heat
capacity (JK 'kg'), K is the thermal conductivity
(W.m 'K "), B is a parameters related to blood flow.

The boundary condition is:

H-(T,—T) = -K5.. )
Where H is Convection coefficient, Ts is surface
temperature, and Tc is air temperature.

For the spatial continuity function F(x,y,zt), the
discrete form of its time step at m can be written as
follows:

F™(i,j,k) = F(iéx, j6y, kdz, mét). (5)
Where § is the space step, ot is the time step.
(3) and (4) come to:

8¢

T™1( i, k) = T™(,j, k) + ————<SAR(, j, k
(]5) y .(k; ) I @i,j, k)
t* l!]' ..
—————*[T™(,j,k) — Th
p(,j,k)Cp(i,j, k) 7@ ) ]
6 xK(i,j, k)

— — «*[TM™({+1,j,k
p(i,j,k)Cp(i, j, k)52 [7™( k)
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+T™(0,j — 1,k) + T™(i,j, k — 1) — 6T™(,j,k)], (6)
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Ot satisfies the condition:
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< PP 8
ot < 12K+b 52 ()

Figure 2 (a) shows a temperature comparison for
Wi-Fi EMF radiation powers of 100 mW and 500 mW
after 90 min of irradiation in the cell layer. The mean
temperature increases under the 100 mW mode and
500 mW mode were approximately 0.1°C and 0.5°C
respectively at 90 min (Fig. 2).

Fig. 1. Layout of cell dishes, the Wi-Fi router and the
laptop computer in the cell incubator.

C. Cell culture

MC3T3-El cells (iCell Bioscience Inc., Shanghai,
China) of the clone-14 preosteoblastic murine cell line
were cultured in a-MEM containing 10% newborn bovine
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serum, 100 IU/mL penicillin and 100 pg/mL streptomycin
under saturating humidity, 5% CO, and 37°C. The
medium was changed every 48 h. When the cells reached
approximately 80% confluence, they were digested with
0.25% trypsin (Gibco Inc., Grand Island, USA), diluted
and then subcultured at a 1:3 ratio.

D. In vitro differentiation

For this step, 10 mmol/L B-phospho-glycerol,
10" mol/L dexamethasone and 50 pg/mL ascorbic acid
(vitamin C) were added to the above culture medium to

The left six graphs show the temperature distribution of 100mw.The right six graphs show the temperature distribution of 500 mw.

Every ten points represent 0.88mm
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make osteogenic medium which was changed every 48 h.

E. Experimental groups

To select the optimum daily irradiation time, the
cells were exposed to radiation after 72 h of induced
differentiation, and each group contained at least three
samples. The cells were divided into six groups: (i) 0 min,
(i) 30 min, (iii) 60 min, (iv) 90 min, (v) 120 min, and (vi)
180 min. These groups were further subdivided into
sham, SARa 2.45 GHz Wi-Fi, and SARb 2.45 GHz Wi-
Fi groups.

———SARa 100mwW
— SARb 500mW

Temp b;r inm °Cﬂ

o 0 1000 2000 3000 4000 5000 6000

Time (s)

(b)

3000 3500

Fig. 2. The simulation result of temperature in the cell layer: (a) temperature difference after 90 min of irradiation in
the cell layer, and (b) temperature dynamics within a cell monolayer.

Table 1: Electrical properties and thermal paramters of materials at 37°C 2.45 GHz [15-16], [19]

€ o (Sm?) C (kJ(kg°C) K (W(km) 1) p (kgm3)
Medium 71 25 4.2 0.6 1000
Petri dish 25 0.001 0.12 L2 1100

To measure GSH/ROS after radiation, the cells were
exposed to Wi-Fi radiation for the optimum irradiation
time each day for 1 to 3 days in 3 groups: (i) sham, (ii)
SARa 2.45 GHz Wi-Fi, and (iii) SARb 2.45 GHz Wi-Fi.
Tests were performed at 0 min, 15 min, 30 min, 45 min,
60 min, 90 min, and 120 min after Wi-Fi irradiation.

F. ROS

After 72 h of induction in osteogenic medium, the
cells were digested with 0.25% trypsin-0.53 mM EDTA
and then seeded into a 96-well plate at a density of 5x103
cells/mL in 100 pL of osteogenic medium, which was
changed every 48 h. 2°,7’-Dichlorofluorescein diacetate
(KeyGen Biotech Co., NanJing, China) was added to
each well according to the instructions. After 45 min of
incubation in the dark, the cells were exposed to Wi-Fi
radiation. ROS levels were determined by measuring the
fluorescence intensity at 518-nm excitation and 605-nm
emission using a spectrophotometer plate reader (Spectra
Max M3, Molecular Devices, California, USA).

G.GSH
Cells were seeded in 60-mm culture dishes at a
density of 5104 cells/mL in 4 mL of osteogenic medium,

which was changed every 48 h. Seventy-two hours later,
the cells were exposed to Wi-Fi radiation. Then, the cells
were digested with 0.25% trypsin-0.53 mM EDTA. After
centrifugation (3500 g, 10 min), the cell supernatant
was added to a 96-well culture plate. Cellular GSH was
determined using a GSH assay kit (KeyGen Biotech Co.)
according to the manufacturer’s instructions. The optical
absorbance values were measured with a microplate
reader at 405 nm (SpectraMax M3).

H. Statistical analysis

The data are expressed as the mean + standard
deviation (SD) of three or more independent experiments.
Significant differences were determined through factorial
analysis of variance (ANOVA). Statistical analysis was
performed using SPSS 13.0 software (SPSS Inc., Chicago,
USA). A P-value<0.05 was considered statistically
significant.

I11. RESULTS

A. Determining the optimum irradiation time for
further experiments (Fig. 3)

The cells were exposed to Wi-Fi radiation for 0-180
min after being induced for 72 h in osteogenic medium,



and ROS and GSH levels were measured immediately
after irradiation. ROS levels in both the SARa group and
SARb group were largely unaltered in the first 60 min.
Although an upward trend was observed from 30 to 60
min, the changes at the 30th and 60th minutes were not
significantly different in either the SARa or SARb group
compared with the control group. From the 60" minute
onward, the ROS level increased rapidly, peaked at the
90th minute, and then began to decrease but remained
higher than in the control group at the 180" minute. ROS
levels in the SARb group were significantly higher than
in the SARa group at the 90" min but not at the other
times. The peak GSH level was recorded at the 120" min.
Significant differences between the SARa and SARb
groups were detected at the 60™, 90" and 120" minutes,
and the GSH levels of the SARa group were higher than
those of the SARb group, except at the 60" minute.
Unlike the GSH level in the SARD group, the GSH level
in the SARa group increased significantly as early as
the 60'" minute. At the 180" minute, the GSH and ROS
levels were still much higher than the original levels. We
chose 90 min as the daily optimum irradiation time for
the subsequent experiments since the ROS levels in both
the SARa and SARb groups were highest at the 90th
minute. In addition, both ROS and GSH levels differed
significantly between the SARa and SARb groups,
between the SARa and control groups, and between the
SARD and control groups at the 90" minute.

ROS

Relative to contol group

mi 2 50 min 2

GSH

ontrol group

Relative to ¢

Fig. 3. ROS and GSH levels during Wi-Fi exposure:
(@) relative ROS levels at 0/30/60/90/120/180 min
of Wi-Fi exposure, and (b) relative GSH levels at
0/30/60/90/120/180 min of Wi-Fi exposure (P>0.05 -,
P<0.05 *, P<0.01 **).
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B. Changes in ROS 0-30 min after Wi-Fi irradiation
for the optimum irradiation time (Fig. 4 (a))

MC3T3-E1 cells were exposed to Wi-Fi radiation
for 90 min after 72 h of differentiation. ROS were
measured 0-30 min after irradiation was completed. The
measurement taken immediately after irradiation was
defined as 0 min. ROS levels began to decrease at the
time at which irradiation stopped and took 30 min to
return to the original level. ROS levels in the SARDb
group were significantly higher than those in the SARa
group at 0 and 15 min. Even though the ROS level at 30
min after irradiation did not completely recover in either
the SARa or SARDb group, this difference can be ignored
because these levels were not significantly different from
the control level.

ROS

Relative to control group

ntrol group

Relative to co

Fig. 4. ROS levels after Wi-Fi exposure: (a) relative ROS
levels after Wi-Fi exposure for 90 min, and (b) relative
ROS levels after Wi-Fi exposure for 90 min/day for 3
days (P>0.05 -, P<0.05 *, P<0.01 **).

C. Changes in ROS after Wi-Fi irradiation for the
optimum irradiation time every day for 3 days (Fig.
4 (b))

After 72 h of differentiation, MC3T3-E1 cells were
exposed to 90 min of Wi-Fi radiation for 3 days. ROS
were measured after the 3rd day of irradiation. The time
point immediately after irradiation was defined as 0 min.
ROS levels increased slightly after irradiation was stopped
and took 120 min or 90 min to decrease to control levels
in the SARb and SARa groups, respectively. The ROS
levels of the SARb group were significantly higher than
those of the SARa group at 0 min, 15 min, 30 min and
45 min after Wi-Fi irradiation.
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D. Determining the optimum concentration of
vitamin C by repeating experiment 1 in the SARb
group with extra vitamin C in the induction culture
medium (Fig. 5)

The results of experiments A, B and C show that
the peak ROS level was higher in the SARDb group than
in the SARa group and that recovery was slower in
the SARD group than in the SARa group. Thus, our
subsequent studies were performed under the SARDb
conditions. We adjusted the concentration of vitamin C
in the induction medium from 50 pg/mL to 55 pg/mL,
60 pg/mL or 65 pug/mL and then repeated experiment 1
to examine ROS and GSH in the SARb group. After 60
min of irradiation, ROS levels increased in all vitamin C
groups, peaked at the 90th minute, and then decreased
to basal levels. The ROS level at the 90th minute was
inversely proportional to the vitamin C concentration (50
pg/mL to 60 pg/mL) and was significantly different from
the level in the control group. However, the ROS level
in the presence of 65 pg/mL vitamin C was lower than
in the presence of 60 pug/mL vitamin C at the 90th minute,
but the difference was not significant. At the 90th minute,
GSH levels in the 60 pg/mL group were also higher than
those in the other groups. Therefore, we adopted 60
pg/mL as the optimum concentration of vitamin C.

SARb ROS

5
=

(@)
SARb GSH

-------

(b)

Fig. 5. ROS and GSH levels in the SARb group during
Wi-Fi irradiation with extra vitamin C in the induction
medium: (a) relative ROS levels in the SARDb group at
0/30/60/90/120 min of Wi-Fi exposure with 10-30%
extra vitamin C in the induction medium, and (b) relative
GSH levels in the SARb group at 0/30/60/90/120/180
min of Wi-Fi exposure with 10-30% extra vitamin C in
the induction medium (P>0.05 -, P<0.05 *, P<0.01 **).
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E. Changes in ROS in the SARb group 0-30 min after
Wi-Fi irradiation for the optimum irradiation time
with the optimum concentration of vitamin C in the
induction medium (Fig. 6 (a))

Experiment B was repeated with 60 pg/mL vitamin
C in the induction medium to measure the ROS in the
SARD group. The measurement performed immediately
after 90 min of Wi-Fi exposure was considered 0 min.
The ROS levels in the vitamin C and vitamin C+20%
control groups were not significantly different, but the
ROS levels in the 50 pg/mL vitamin C experimental
group were significantly higher than those in the 60
pg/mL vitamin C experimental group at both 0 and 15
min.

F. Changes in ROS in the SARb group 0-120 min
after Wi-Fi irradiation for the optimum irradiation
time for 3 days with the optimum concentration of
vitamin C in the induction medium (Fig. 6 b))

SARb ROS

trol group
3 \
N
/
/
. 4
/

ive to control grou

@

SARb ROS

/ } =
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Relative to

(b)

Fig. 6. ROS levels in the SARb group after Wi-Fi
exposure with 20% extra vitamin C in the induction
medium: () relative ROS levels in the SARb group after
90 min/day of Wi-Fi exposure with 20% extra vitamin C
in the induction medium, and (b) relative ROS levels in
the SARb group after 90 min/day of Wi-Fi exposure
for 3 days with 20% extra vitamin C in the induction
medium. (P>0.05 -, P<0.05 *, P<0.01 **).

Experiment C was repeated with 60 pg/mL vitamin C
in the induction medium to measure ROS in the SARb
groups. The time point immediately after 90 min of Wi-
Fi exposure was considered 0 min. ROS levels in the
vitamin C+20% experimental groups at 0 min, 15 min,
30 min and 45 min were higher than those in the vitamin



C+20% control group, while the ROS levels in the
vitamin C experimental groups at 0 min, 15 min, 30 min,
45 min, 60 min and 90 min were higher than those in the
vitamin C control group. The ROS levels of the 50
pg/mL vitamin C group at 0 min, 15 min, 30 min, 45 min
and 60 min were significantly higher than those of the 60
pg/mL vitamin C group. Therefore, the ROS recovery
time in the 60 pg/mL vitamin C groups was half that in
the 50 pg/mL vitamin C groups.

IV. DISCUSSIONS

The safety standard of non ionizing radiation was set
mainly focusing on whether it exerts obvious thermal
effects on the human body over a certain period of time
[21], but without considering nonthermal or cumulative
effects. Thus, even within the recommended values,
adverse effects of Wi-Fi radiation on certain types of
cells or organs have been verified [13]. Non ionizing
EMR can alter the energy level and spin orientation
of electrons and, consequently, increase the activity,
concentration and lifetime of ROS [14]. OS stimulated
by Wi-Fi irradiation for a period from 5 days [11] to 6
months [22] has been found in some important organs
deep in rats’ body. In the vitro experiment, [14] set 6
tubes of MCF-7 breast cancer cells at different distances
(0 cm, 1 cm, 5 cm, 10 cm, 20 cm and 25 cm) from a
radiant for 1 h. The mean SAR of the 6 tubes was

0.36+0.02 W/kg under 900 MHz exposure at 12 pW/cm?2.

Cig B found that cytosolic ROS production, Ca?*
concentrations, apoptosis, and caspase-3 and caspase-9
levels were higher in all the mobile phone and 2.45 GHz
Wi-Fi groups at distances of less than 10 cm. An increase
in ROS in a osteoblasts monolayer exposed to Wi-Fi
radiation (3 cm from router antennas) was also found in
our work, and Wi-Fi radiation was clearly shown to be
an exogenous OS stimulus. Our main concern is the
duration of ROS generation and the return of ROS to
baseline levels. ROS did not increase until 90 min after
the initial exposure to Wi-Fi, which may be attributed to
“window effects” [23]. Even with continuing irradiation,
ROS did not increase and instead decreased from 90 to
180 min because of the increase in GSH which, as an
antioxidant, serves as a natural defense mechanism to
restore the dynamic balance between ROS generation
and elimination in cells [24].

ROS levels in the SARb group were higher than
those in the SARa group in experiments 1, 2 and 3 and
showed an SAR-dependent pattern similar to that found
in other studies [25]. The ROS level returned to baseline
within 30 min of the initial exposure to Wi-Fi; however,
after the third day of radiation, this return took 90 min
in the SARa group and 120 min in the SARDb group,
which could be interpreted as a “cumulative effect” [26].
Prolonged exposure times and increased exposure doses
may reasonably be concluded to make it increasingly
difficult to restore ROS levels to normal. The mechanism
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by which EMFs increase ROS is partly attributing to
the decreased efficiency of antioxidant mechanisms
[27]. However, in our study, GSH rapidly increased
even before ROS levels changed, which might play an
important part in ROS regulation during Wi-Fi exposure.
Similarly, in a study by [28], V79 fibroblast cells were
exposed 1800 MHz RF (SAR 1.6 W/kg) generated in a
gigahertz transverse electromagnetic mode (GTEM) cell,
and GSH levels were found to increase immediately after
10 min of exposure, but ROS increased only after 60 min
of exposure. Cermak AMM suggested that short-term
RF exposure resulted in a transient oxidation-reduction
imbalance in fibroblast cells following adaptation to
the applied experimental conditions. [29] also found that
ROS increased in osteoblasts after a single exposure to
extremely low-frequency pulsed electromagnetic fields
(ELF-PEMFs) and that GSH did not decrease; these
changes essentially represented an antioxidant defense
mechanism in which ELF-PEMF stimulated the cells to
produce a small amount of harmless ROS to improve
osteoblast function and activity. Hence, the ROS and
GSH increases observed in our study may similarly be a
protective mechanism elicited by Wi-Fi irradiation.

If Wi-Fi exposure is inevitable, then it is particularly
important to explore ways to reduce ROS and minimize
the risk of side effects. Various antioxidant mechanisms
have been confirmed to neutralize the harmful effects of
ROS in cells, among which vitamin C, a free-radical
scavenger in extracellular fluids, is considered to be an
important inhibitor of Wi-Fi-related OS in rats [11]. The
original culture medium for osteoblasts contains vitamin
C, which may be another factor that reduces ROS and/or
accelerates the reduction of ROS levels. High levels of
GSH might be related to the fact that vitamin C can
reduce oxidized GSH (GSSG) into GSH. Accordingly,
we added different concentrations of extra vitamin C
to the culture medium and found that 60 pg/mL was
the most appropriate concentration for limiting ROS
and upregulating GSH. This optimum concentration of
vitamin C significantly reduced ROS levels and shortened
the recovery time by half (from 120 to 60 min) after the
3rd day of Wi-Fi irradiation. Furthermore, the ROS
levels of the different vitamin C groups were inversely
proportional to the GSH level of the same groups, further
supporting a mechanism whereby GSH plays an important
role in ROS regulation during Wi-Fi exposure and is
upregulated by vitamin C.

V. CONCLUSIONS

The long-term and close-range Wi-Fi EMF radiation
slightly increases the temperature in a cell monolayer,
however the temperature variation (no more than 1°C) is
too small to induce the cell biological reaction. Hence, it
is believed that the effect of Wi-Fi irradiation on cells
would be stimulated by nonthermal effects.

The SARs of Wi-Fi EMF is far below the safety
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standard of non ionizing radiation, but still elevates ROS
in cells after long-term exposure. Therefore, Wi-Fi EMF
could be an exogenous OS stimulus and affect bone
homeostasis. Furthermore, the longer the irradiation
time and the stronger the radiation, the more obvious
the effect on osteoblasts. However, short-term exposure
(less than 60 min) can neither change the level of ROS
nor GSH owing to “window effects”.

ROS induced by Wi-Fi EMF radiation can be
eliminated by endogenous or Wi-Fi induced GSH,
which acts as a protective mechanism of osteoblasts.
Nevertheless, it takes longer times for osteoblasts to
eliminated ROS with the increase of exposure doses due
to the “cumulative effect”.

Vitamin C effectively reduces ROS levels and
recovery times by increasing GSH, and its effect shows
a concentration-dependent pattern at low concentrations.

Due to the limited experimental conditions, the
radiation distance setting is an extreme case (a cell layer
3cm from the source antenna), and the influence of
distance change on the result needs further study. In the
future, we will consider the MIMO antenna and circular
polarization antenna [30-34] and arrays [35] in the
experiment and use the adaptive filtering [36-41] to
suppress the noises and improve the performance.
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