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Introduction: Over the last decades, there has been an increasing trend in using cell phones which are 
exposing us to Radio-Frequency (RF) and Extremely Low Frequency (ELF) magnetic fields with various 
known and unknown biological effects. This protective study aimed to investigate the impact of 
environmental 217 Hz (as an ELF) magnetic fields generated by mobile phones on angiogenesis as an 
essential factor in tumor growth, in vitro and in vivo.  
Material and Methods: Magnetic fields with amplitudes of 0.5, 6, 22, 44, 65 & 159 µT were exposed on 
Human umbilical vein endothelial cells (HUVECs) and proliferation and viability of cells were measured. 3D 
angiogenesis assay was done by culturing HUVEC-covered microbeads in collagen gel and counting the 
number of sprouting micro-vessels per microbead. The percent of CD31 positive areas in breast tumor tissues 
of mice was assessed in the in vivo study.  
Results: Results showed that some of the applied amplitudes could increase proliferation as well as the 
viability of HUVECs. Furthermore, 22 and 44 µT magnetic fields could significantly increase the 
angiogenesis of breast tumors in the mouse. 
Conclusion: There is a promoting effect from ELF magnetic fields generated by cell phones on the 
angiogenesis of tumors. It will be helpful if we recommend that cancer patients not to be exposed to cell 
phones.  
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Introduction 
Nowadays, there are very various electromagnetic 

fields (EMFs) in our environment. Studies show that 
EMFs with the frequency of 0-300 Hz can cause 
biological effects, like accelerating the bone fracture 
healing process [1], increasing single and double-
strand DNA breaks [2-6], promoting or preventing 
tumor growth [7-10], increasing the viability of 
endothelial cells [11] and accelerating wound healing 
[12]. 

Mobile phones have been substantially popular for 
many years, and many kinds of research were made 
on the biological effects of their radiofrequency 
electromagnetic fields. The radio-frequency GSM (the 
Global System for Mobile Communications) EMF are 
1–2 GHz pulses lasting 577µs, transmitted every 4.615 
ms (217-Hz burst rate) at 1–2 watts, delivered from 
an antenna [13]. The low-frequency GSM EMF is a 217 
Hz magnetic field, about 3 mT, generated by the 
battery of cell phones [14-16]. Some research shows 
that cell phone radiation affects chromosomes, the 
expression of specific genes, and cell division [17, 18]. 
Also, there are some reports on the effects of cell 

phones on brain tumors, causing DNA damage and 
chromosomal breaks [19, 20]. However, there is no 
information about the biological effects of 217Hz 
pulsed extremely low frequency (ELF) magnetic fields 
emitted from cell phones.   

The amplitudes of 217 Hz ELF magnetic fields have 
been driven from measuring of ELF magnetic fields 
around a cell phone by Kaviani et al. 2008. According 
to the results, amplitudes of 0.46, 5.93, 21.9, 44.1, 65.6 
and 159.44 µT were the min of the minimums, mean 
of minimums, a cumulative average of magnetic field 
flux, mean of averages, mean of maximums, and a 
peak of morning exposures respectively. They 
checked the effect of these magnetic fields on the 
resting potential of snail neurons and reported some 
significant variations between unexposed cells and the 
exposed ones [21-25].  

Mansourian et al. 2020 have done a study on the 
effects of 217Hz ELF magnetic fields of mobile phones 
on electroporation. They found that chronic exposure 
of the tumor to 93µT magnetic field before 
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electrochemotherapy can increase tumor hypoxia 
induced by electrochemotherapy [26]. 

Ashdown et al. reported that a pulsed magnetic 
field with an intensity of 20 mT in frequencies of 50 
and 385 Hz could increase cytotoxicity signal 
compared to basal protease release by resting control 
cells at room temperature over the same period (10 
min)[27].  

With more attention to the previous studies on the 
biological effects of ELF-EMFs, it is clear that these 
magnetic fields can change the angiogenesis process 
[7, 10, 28, 29]. The angiogenesis process is the growth 
of new capillaries from the existing blood vessels [30]. 
Angiogenesis is an essential factor during wound 
healing, human fetal development, tissue repair, 
menstrual cycle, treatment and progress of cancer, 
and ischemic and inflammatory diseases [31].  Peng et 
al. reported an angiogenesis-increasing effect of the 
pulsed magnetic field with 15Hz, 1.5mT, and 30Hz, 
3mT for 45min per day on rats. They found that 
capillary densities were significantly elevated in the 
15Hz and 30Hz PEMF-treated groups as compared to 
those in the control group [32]. 

Cancer as a progressive disease needs some 
protective studies on environmental EM fields 
because there are many low-frequency EMFs in our 
environment. Angiogenesis is one of the essential 
factors in tumor growth or treatment. There are some 
studies on antiangiogenic drugs to cancer treatment 
[33]. So, it seems useful to do protective research on 
the effect of environmental EMFs on angiogenesis.  

 Some studies have evaluated the effect of 
magnetic fields on angiogenesis. The results showed 
that magnetic fields, based on their physical 
parameters, can decrease or increase angiogenesis. It 
should be considered that these parameters, like 
frequencies or amplitudes, have been chosen from the 
reports on therapeutic magnetic fields. Therefore, 
there was a lack of knowledge on the effect of 
environmental magnetic fields on angiogenesis as a 
protective study. However, understanding the positive 
or negative impact of these fields on angiogenesis can 
be helpful in cancer treatment. So, the present study 
aimed to investigate the effect of chronic and acute 
exposure regimes (CER and AER) of ELF magnetic 
fields of cell phones on angiogenesis in vitro and in 
vivo. 

Therefore, influential protocols for amplitudes and 
duration of magnetic field exposure will be optimized 
based on viability and proliferation tests on Human 
umbilical vein endothelial cells (HUVECs). 
Consequently, the number of sprouting branches of 
HUVECs in collagen gel was assessed in vitro. Then, 
the effect of the final selected protocols based on the 
first experiment results was checked on angiogenesis 
of mouse breast tumor in vivo. 

 
 
 

Materials and Methods 
Exposure system 

Two 20 cm-diameter Helmholtz coils were used to 
produce a uniform magnetic field for exposing the cells 
and mice. They were made of 287 turns of 0.78-mm-
diameter insulated copper wire, and they separated by 
10 cm. 217 Hz magnetic fields were originated from a 
signal generator (made in Bioelectromagnetic 
Laboratory of Tarbiat Modares University based on the 
results of Kaviani thesis [24] and amplified with a 
homemade power signal amplifier. The pulse duration 
was 0.577 ms, and the pulse repetition period was 4.6 
ms. Biolab software was used for testing the shape of 
the pulsed magnetic field (Figure 1). The flux density of 
MF was measured by a Tesla meter (TES-1394; TES 
Electrical Electronic Corp., Thedford, Ontario, Canada). 

 

Cell line 
The cell line used in this study was HUVECs 

because it's one of humans’ more practical endothelial 
cells for in vitro assessment of angiogenesis [34]. 
Endothelial cells are principally inactive in grown-up 
mammals. Nevertheless, they can quickly turn to an 
extremely proliferative phase upon stimulation by the 
angiogenic factors secreted by a tumor to invade the 
neighboring tissues. They can finally experience 
differentiation to develop new blood capillaries that 
provide oxygen and nutrients for tumors [35, 36]. In 
vitro studies were done on the human umbilical vein 
endothelial cell (HUVEC) line (cultured in Dulbecco's 
Modified Eagle's Medium and Ham's F-12 Nutrient 
Mixture (DMEM-F12) (Gibco, Germany) containing 
10% fetal bovine serum (FBS) (Gibco, Germany) and 
1% penicillin-streptomycin and incubated in 5% CO2 at 
the temperature of 37°C). 

 
Figure 1. The shape of produced 217 Hz pulsed magnetic field 
measured by Biolab software (pulse duration is 577µs and pulse 
repetition period is 4.615ms). 
 

 
 

Figure 2. The schematics of exposure system on cells 

https://www.sciencedirect.com/science/article/pii/S000634952030134X#!
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Experimental groups 
For assessment of proliferation and viability of 

HUVECs, they were seeded 5,000 cells/well in six 
central wells of a 24-well plate. Then the plates exposed 
to 217 Hz magnetic field placing between the Helmholtz 
coils (Figure2). Intensities of 0.5, 6, 22, 44, 65, and 159 
µT for 10, 20, and 30 minutes were used only on the 5th 
day of plating in AER and five consecutive days in 
CER. 
Considering the sham groups (without any exposure but 
between coils outside the incubator) is useful for 
reducing the side factors like temperature and humidity 
on HUVECs. 

 

Determination of cell proliferation 
After 24 hours of the final exposure, the proliferation 

test was done by counting the cells in half wells of every 
plate using a hemocytometer. The normalized 
proliferation rate of cells in exposure groups was driven 
from dividing the mean number of cells in the desired 
group to the mean number of cells in the control group. 

 

Determination of cell viability 
MTT assay (3-(4, 5 dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide) (Invitrogen, USA) was 
used for assessing the magnetic field cytotoxicity on 
HUVECs. Moreover, 30 μl of MTT (5 mg/ml) was 
added to the wells eight days after plating. Then the 
cells were incubated at a temperature of 37°C for four 
hours. We added 300 µl dimethyl sulfoxide (DMSO) 
(Sigma-Aldrich, USA) to each well to dissolve 
formazan crystals.  

To record the optical density (OD), 200 μl of each 
well Contents was added to the 96-well plate. A multi-
scan ELISA reader (LabSystems Multiscan MS, UK) at 
540-nm was used for this colorimetric assay. The cell 
viability of exposure groups was driven from dividing 
the mean OD in the desired group to the mean OD in the 
control group. All of the experiments were repeated for 
three times. 

 

Assessment of sprouting angiogenesis using 

endothelial cell cultures  
In this section of the study, the HUVECs were 

exposed to magnetic fields in AER and CER protocols 
selected from proliferation and viability sections on the 
culture medium included DMEM-F12 and 20% FBS in 
a flask. For modelling the sprouting angiogenesis, the 
sterilized cytodex-3 microbeads were immersed in 
centrifuged exposed cells to cover each bead with 
almost 30 cells. The mixture was incubated for 4 hours 
with shaking every 20 min. Then, cell-coated beads 
were plated in three wells of a 24-well tissue culture 
plate and incubated for 12-16 h at 37°C and 5% CO2. 
Finally, beads were immersed in type 1 collagen matrix 
and incubated for about three days. Capillary-like 
structures were monitored and counted in each well, and 
the mean number of sprouts per bead was reported. 
 

 

Immunohistochemistry studies of angiogenesis  
Mice and Tumors 

In this study section, we prepared 24 healthy female 
Balb/C, 5- to 7-week-old mice from the Pasteur Institute 
(Tehran, Iran). They were kept at 22 ºC with a natural 
day/night cycle for ten days before the injection. 4T1 is 
a breast cancer cell line derived from the mammary 
gland tissue of Balb/c mouse. This tumor cell line is 
very active, invasive, and also transplantable. It can 
automatically metastasize from the original tumor in the 
mammary gland to numerous dispersed body sites. The 
tumor mice were processed by injecting 800000 4T1 
cells/100 µl phosphate buffer saline (PBS) into the right 
flank of each mouse. They were kept in separate cages. 
Approximately one week after injection, when the tumor 
diameter was about 6-7 mm (measured by caliper), the 
animals (three mice per group [37]) were randomly 
distributed in groups. 

(1)  Exposure protocols 
Exposure protocols were determined based on the 

results of the in vitro experiments. AER and CER 
exposures were included only once on the 10th day after 
grouping and ten successive days after grouping, 
respectively, two hours each time. The exposure 
chamber was built of Plexiglass, and it had some holes 
to allow air transfer. The chamber was placed between 
coils. 

(2)  Immunohistochemistry 
The expression of CD31 is a critical way to evaluate 

angiogenesis changes in tissues. CD31 (platelet 
endothelial cell adhesion molecule, PECAM-1) is an 
essential membrane protein that interferes cell to cell 
adhesion and is revealed on the surface of endothelial 
cells.  
For this purpose, the mice were euthanized by cervical 
dislocation, and the tumor tissues were removed. The 
tumors were cut into 12-15 µm thick sections and 
stained for CD31 in the anatomy department of Tarbiat 
Modares University of Tehran, Iran. Morphometric 
analyses for the percent of CD31-positive area in viable 
and necrotic regions were performed using phase-
contrast microscopy on a subset of tumors randomly 
sampled from the control and exposed groups. Four hot 
areas were chosen, and marked cells with CD31 
antibodies were counted as the number of endothelial 
cells, and micro-vessel density was determined for each 
tumor.  
The ethics committee approved this proposal of Tarbiat 
Modares University of Tehran, Iran. 

 

Statistical analysis 
The results were presented in bar graphs. Data 

analyses were performed in IBM-SPSS v. 20 (IBM-
SPSS Inc, Chicago, Illinois, USA) using the analysis of 
variance (ANOVA) and the least significant difference 
(LSD) test. The p-values of less than 0.05 show 
significantly effective protocols.   

Another method (contrast analysis) was carried out 
on AER and CER groups and also the exposure duration 
groups (10, 20, and 30 min).    
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Results 
The results of Proliferation and viability tests were 

evaluated for various amplitudes (0.5, 6, 22, 44, 65, and 

159 μT) and also exposure durations (10, 20, and 30 

minutes). Results of different protocols are presented 

separately. Moreover, the effect of different amplitudes in 

terms of proliferation and viability of the cells were 

compared for each duration for both AER and CER. 

 

Effects of AER and CER on HUVEC proliferation    

To evaluate the proliferation of HUVECs, the number 

of cells in treatment groups was measured and normalized 

to the control group (Figure 3). According to our findings, 

in AER and CER, the following protocols could 

significantly increase the proliferation of HUVECs. For 

AER: 65 T (20 min) and 22 T (30 min); and for CER: 

44 T (30 min) and 22 T (20 min). 

 

 
 

Figure 3. The normalized mean number of HUVECs in AER and CER of 217 Hz magnetic field with different intensities and exposure times 
(mean±SD). The groups with stars are showing a significant increase (p<0.05) compared with the control group on HUVECs proliferation. 
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Figure 4. a & b shows the normalized ODs of HUVECs affected by the 217 Hz magnetic field with different intensities (μT) and exposure times  
(mean±SD). The groups with stars show a significant increase (p<0.05) compared with the control group on HUVECs viability. c shows the 
comparison between normalized ODs of HUVECs in AER and CER of 217 Hz magnetic field with different intensities (μT) and exposure times 

(mean ± SD).  ● shows the acute and ■ shows the chronic protocols. 

 

Effects of AER and CER on HUVECs viability 
For assessing the viability of HUVECs, MTT assay 

was used and mean of normalized OD's of treatment 

groups to control group has been reported (caused by 

dissolving purple formazan crystals in DMSO) (Figure 4- a 

& b). For AERs, 44 T magnetic field with 30 min 

duration could significantly increase the viability of 

HUVECs. Moreover, protocols of 44 µT (30 min), 22 µT 

(20 min), and 6 µT (10 min) could increase the viability of 

cells in CERs. Table 1 shows the effective protocols of the 

217 Hz ELF magnetic field on the proliferation and 

viability of HUVECs.  
 

Table 1. The chosen significant efficient exposure protocols of 217 Hz 

magnetic field on HUVEC proliferation and viability 
 

Exposure condition 

 
Exposure duration (min) 

AER 

Intensity (T) 

CER 

Intensity(T) 

10 --- 6 

20 --- 22 

30 
22 

44 
44 

 

 

 

Comparison between the effects of AER and CER of 217 

Hz ELF magnetic field on the viability of HUVECs 

In this section of the study, differences between acute 

and chronic groups were analysed by an orthogonal 

comparison between ODs of AERs vs CERs. The results 

were presented in Figure 3c (normalized OD's expressed as 

mean ±SD). There was no significant difference between 

the results of AER and CER. 

 

Effects of 217 Hz ELF magnetic field on sprouting 

capability of HUVECs in collagen gel   

Sprouting and capillary formation of endothelial cells 

was quantified after three days of microbeads culture in the 

collagen gel matrix. The average number of micro-vessels 

per bead was counted in three areas of collagen gel and 

normalized to control group results (Figure 5-a). According 

to the results, sprouting of HUVECs has been significantly 

increased for two CERs with 22 and 44 T amplitudes and 

exposure durations of 20 min and 30 min, respectively. 

Sprouting micro-vessels around the microbeads in collagen 

gel are seen in Figure 5-b. 

 

Immunohistochemistry 

Figure 6 shows the effect of the 217 Hz ELF magnetic 

field on the percent of CD31-positive area, which shows 

tumors' micro-vessels density (MVD).  
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)a( 

 
)b( 

 

Figure 5. a( Sprouting micro-vessels around the microbeads in collagen gel. b) the Normalized number of sprouting microvessels for each bead in groups of 
AER (a) and CER (b) of 217 Hz magnetic fields in chosen intensities (µT) and time durations of exposure as mean ± SD are reported. The groups with stars 

are showing a significant increase (p<0.05) compared with the control group on microvessels sprouting. 

 

 
Figure 6. MVD (Microvessel Density) of tumor tissue in groups exposed to 217 Hz magnetic fields in chosen protocols from in vitro section of the study. 
Data are reported as mean± SD. The groups with stars are showing a significant increase (p<0.05) compared with the control group on MVD. 

 

Almost all amplitudes and protocols increased the 

percent of CD31-positive area. ANOVA indicated that this 

percentage or mean MVD in the groups exposed to 22 and 

44 mT amplitudes of 217 Hz ELF magnetic field in CER 

and AER, respectively, was significantly more than in the 

control group (p<0.05). Therefore, these environmental 

magnetic fields could increase the angiogenesis of tumors.  
 

 

 

 

 

 

 

Discussion 
With attention to literature, electromagnetic fields 

can affect cell functions and its responses to various 
factors in living organisms such as cell proliferation and 
differentiation, cell cycle disorder, intracellular 
interactions, DNA replication, gene expression, cellular 
communications, induction of programmed cell death 
and free radical production [38]. Besides, the 
electromagnetic fields have had beneficial effects on 
treating various pathological problems, like bone 
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fractures and skin lesions healing [4]. Biological effects 
of radiofrequency magnetic fields of cell phones have 
been assessed by Andersen et al. 1997 referring these 
effects to time alteration of RF fields with as low 
frequencies as 217, 8, and 2 Hz [14]. 

In the present study, results indicated that 6, 22 µT 
(CER) and 44 µT (AER and CER) magnetic fields could 
significantly increase cell viability and 22 and 44 µT 
(CER) increase microvessel sprouting in collagen gel, in 
vitro, and also 22 µT (CER) and 44 µT (AER) could 
increase tumor micro-vessel density, in vivo. These 
results agree with Allahveisi et al. 2010 [39], which 
reported increased mice fibrosarcoma tumor growth 
after exposure to 217 Hz magnetic field with amplitude 
of 200 µT. 

There is no dose-response relationship between the 
frequency and amplitude of ELFs and their effects on 
biological systems. For example, in a study on the 
impact of long-term exposure of 50 and 217 Hz, 
magnetic fields on learning and memory of mice by 
Nooshinfar et al. 2012 [40], 50 Hz magnetic field with 
medium amplitudes of 1 and 1.5 mT could decrease the 
learning and the memory of mice. While 217 Hz 
magnetic field with extreme amplitudes of 0.5 and 2 mT 
had the same effects [39]. This kind of results is 
following the principle of biological windows proposed 
by Dr Ross Adey, especially for magnetic fields [41]. In 
the present study, the results added another evidence 
approving the plausibility of offering an amplitude 
window in effects of ELFs. We found that the ELF with 
the amplitudes of 6, 22 and 44 µT was able to 
significantly increase angiogenesis in vitro and in vivo. 
Another increasing angiogenesis effect was reported by 
Peng et al. 2019 that 15Hz and 30Hz pulsed magnetic 
fields with intensities of 1.5 and 3mT could improve the 
cardiovascular function of rats after exposure [32].  

In the present study the ELF MF with the intensity 

of 44 T (30 min) in both of AER and CER and 22 µT 
(20 min) and 6 µT (10 min) in CER could increase the 
viability of cells, however there were no significant 
changes in groups exposed to 217Hz magnetic field with 
intensities of 93,120,159 µT (10 min) in the viability of 
4T1 cells in Mansourian et al. study. This is probably 
because of the type of cells and also the duration of 
exposure [26]. In another study, Mansourian et al. 
reported that 217Hz magnetic field of mobile with 
intensities of 93 and 159 µT could decrease the 
apoptosis rate of electrochemotherapy-treated cells. This 
result can confirm our viability increasing results for 
217 Hz [42].  

Kaviani et al. 2008, have determined the amplitudes 
of 217 Hz magnetic fields of the cell phones and these 
fields' effects on the resting potential of neurons of the 
snail, reporting an amplitude window effect. In this way, 
217 Hz magnetic fields with the amplitude of 0.46 and 
5.93 µT caused depolarization on the resting potential of 
membranes. However, high amplitudes of 217 Hz (21.9, 
44.1, 65.6 and 229 µT) could cause hyperpolarization on 
resting potential of membranes. Also, there were more 
stable effects for low amplitudes [24]. These results 

were in contradiction with the present study in which all 
effective amplitudes had an increasing influence on 
angiogenesis. This discrepancy could be due to the 
variation of cell types in terms of excitability (neuronal 
cells vs endothelial cells) and differential durations of 
exposure regimes. 

According to the results, the Effects of AER and 
CER of 217 Hz magnetic field on the viability and 
proliferation of HUVECs were not significantly 
different. This result is in contradiction with Kaviani et 
al. results in which they reported a reversible effect on 
the neurological response of the snail to AER of 217 Hz 
MFs, while for CER, the effect was irreversible [22, 25]. 

 

Conclusion 
As a protective study, we could deduce that 217 Hz 

ambient ELF magnetic fields of cell phones can increase 
angiogenesis in both in vitro and in vivo. Consequently, 
these fields can probably promote tumor growth. It will 
be helpful if we recommend cancer patients not to be 
exposed to cell phones. 

Moreover, in the present study, the amplitudes of 
magnetic fields have been chosen from Kaviani et al. 
dosimetry data in 2008 [24]. It can be an essential 
limitation for our study because there is a significant 
change in the number of cell phones from 2008 to 2019. 
We can compensate for this limitation with replacing 
new dosimetry data of our ambient 217 Hz ELF 
magnetic fields. 
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