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Cell phone radiation effects on cytogenetic
abnormalities of oral mucosal cells

Abstract: The aim of this study was to evaluate the effects of exposure
to cell phone electromagnetic radiation on the frequency of micronuclei,
broken eggs cells, binucleated cells, and karyorrhexis in epithelial
cells of the oral mucosa. The sample was composed of 60 cell phone
users, who were non-smokers and non-drinkers, and had no clinically
visible oral lesions. Cells were obtained from anatomical sites with the
highest incidence of oral cancer: lower lip, border of the tongue, and
floor of the mouth. The Feulgen reaction was used for quantification of
nuclear anomalies in 1,000 cells/slide. A slightly increase in the number
of micronucleated cells in the lower lip and in binucleated cells on the
floor of the mouth was observed in individuals who used their phones
> 60 minutes/week. The analysis also revealed an increased number
of broken eggs in the tongue of individuals owning a cell phone for
over eight years. Results suggest that exposure to electromagnetic
waves emitted by cell phones can increase nuclear abnormalities in
individuals who use a cell phone for more than 60 minutes per week
and for over eight years. Based on the present findings, we suggest
that exposure to electromagnetic radiation emitted by cell phones may
interfere with the development of metanuclear anomalies. Therefore, it
is demonstrated that, despite a significant increase in these anomalies,
the radiation emitted by cell phones among frequent users is within
acceptable physiological limits.
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Introduction

Over the past decade, the use of cell phones has increased significantly.
Total cell phone subscriptions amounted to more than 6 billion in 2013,
corresponding to a global penetration rate of 93.1% per 100 inhabitants.' The
rapid worldwide increase in cell phone users has raised health concerns
about potential risks associated with exposure to electromagnetic fields
produced by this technology. Given the large number of cell phone users,
a negative effect may have huge public health implications.?

Ever since many aspects of human health that might be affected by
cell phone exposure have been investigated, ranging from mild local
warmth to possible tumor induction.? The effects of electromagnetic
radiation on biological systems are under evaluation by studies with
contradictory results so far.* Although a cause-effect relationship has not
been established conclusively, there is a possibility that the incidence of
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cancer and other genetic or non-genetic pathological
conditions may be associated with such exposure.>*”

Laboratory studies in different countries have
shown that low-level electromagnetic radiation, such as
that from cell phones, may lead to DNA strand breaks
or structural damage.® Methods for biomonitoring
genetic damage include the use of intermediate
biomarkers, micronuclei, and other nuclear anomalies
that can signal lifestyle factors and/or environmental
or occupational exposure to genotoxic agents.” A
higher frequency of oral mucosa micronuclei has
been reported in response to carcinogen exposure,
as a result of radiation, in the presence of potentially
malignant lesions and in oral cancer.'*"1213

Other genotoxic abnormalities include: broken
eggs - the mechanisms leading to their formation
have not been fully elucidated, but they appear to
be related to nuclear elimination of amplified DNA
or DNA repair; karyorrhexis - a cellular process
that involves nuclear fragmentation of probably late
apoptotic cells, increased amounts of karyorrhectic
cells may reflect a response to cytotoxic effects; and
binucleated cells - their presence appears to indicate
a failure of cytokinesis resulting from the last nuclear
division in the basal layer."

The oral cavity is within the area exposed to
radiation emitted by cell phones. The existing reports
in the literature investigating the influence of cell
phone radiation on nuclear anomalies in the oral
mucosa are contradictory: three of them report a
positive correlation between cell phone use and genetic
damage,'*"” and another two indicate the absence of
such correlation.’® For this reason, more information
on this matter is valuable. Therefore, the aim of this
study is to evaluate the effects of exposure to cell
phone electromagnetic radiation on the frequency
of micronuclei, broken eggs, binucleated cells, and
karyorrhexis in epithelial cells of the lip, on the
border of the tongue, and on the floor of the mouth.

Methodology

The subjects were enrolled at the School of Dentistry,
Universidade Federal do Rio Grande do Sul - UFRGS, Porto
Alegre, Brazil. The inclusion criteria were: owning
a cell phone whose Specific Absorption Rate (SAR)
was two watts per kilogram of body weight, limit
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adopted by Brazil according to the Guidelines for
Human Exposure to Radiofrequency Electromagnetic
Fields for International Commission on Non-lonizing
Radiation Protection (ICNIRP);* being a nonsmoker;
not having clinically visible oral lesions (except for
periodontal diseases); and reporting good general
health. In addition, alcohol intake should be no more
than two weekly doses (340 mL of beer, 113 mL of
wine, or 28 mL of distilled beverage).”!

Sample calculation was performed according
to Yadav and Sharma,” using the mean (10.72) and
standard deviation (8.194) found by the authors for
the “Total micronucleus” variable. Considering a
study with an 80% power and a = 0.05, the minimum
sample size should be 44 individuals.

The present study was conducted in accordance
with the ethical guidelines set forth in the Declaration
of Helsinki. The study protocol was approved by the
local Ethics Committee (protocol number 17764), and
all patients signed an informed consent form prior to
their inclusion. After providing the written informed
consent, all participants answered a questionnaire to
establish a profile of cell phone use. For the statistical
analysis, the participants” weekly cell phone use
was classified into 60 minutes or less (n = 32) and
into 60 minutes or more (n = 28), whereas years of
cell phone use was classified into eight years or less
(n=32) and into eight years or more (n = 28). A clinical
examination of the oral cavity of these patients was
conducted prior to the cytopathological sampling.
Subjects with oral lesions were referred to the Division
of Oral Pathology.

Cells were obtained by scraping areas of the oral
mucosa at three anatomical sites (lower lip, border
of the tongue, and floor of the mouth) using a sterile
cytobrush. An attempt was made to collect samples on
the preferential side used during phone calls; however,
many individuals reported changing sides during
the phone calls. Specimens were uniformly spread
on histological slides, which were labeled with the
number assigned to each participant as per anatomical
site. The slides were then stored in 99% ethanol for
subsequent Feulgen staining (Feulgen reaction kit,
1.07907, Merck KGaA, Darmstadt, Germany), which
reacts specifically with DNA, reducing the risk of
false positive staining.



Quantification was performed by a single
blinded and calibrated observer. The calibration
was performed with an experienced researcher to
determine the criteria for each type of metanuclear
change. Intra-rater reliability was evaluated using
the intraclass correlation coefficient, ICC > 0.75. A
total of 1,000 loosely spaced, distended cells were
analyzed per slide at 1000x magnification, under oil
immersion. Cells displaying karyolysis and pyknosis
were discarded. The nuclear changes were quantified
as follows: micronuclei (round or oval structures
with well-defined borders, having 1/3 to 1/6 the
diameter of the main nucleus, staining intensity
and texture similar to that of the main nucleus,
found in the same cytoplasm of the main nucleus);
broken eggs (the nucleus presents a constriction that
leaves it attached to a rounded structure ranging
from 1/4 to 1/2 its diameter; broken eggs have the
same morphology and staining as the nucleus and
are usually close to it); karyorrhexis (nucleus with
dense chromatin aggregate indicating nuclear
fragmentation that may lead to disintegration);
binucleated cells (those containing two main nuclei
that are usually close to each other and have the
same morphology)* (Figure).

The nonparametric Mann-Whitney test was used
to compare median values of nuclear changes at each
anatomical site with past cell phone use (in years) and
weekly cell phone use (in minutes). The Spearman
correlation coefficient was used to analyze data on
past and weekly cell phone use and on the count of
nuclear changes. Statistical analysis was performed
using the Statistical Package for the Social Sciences
(SPSS) version 18.0 (SPSS Inc., Chicago, USA). The
level of significance was set at 5%.
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Results

We evaluated 60 healthy individuals out of 180
samples. The study population consisted of 40% men
and 60% women; mean age was 23.28 years, ranging
from 19 to 33 years. The participants owned a cell
phone for an average of 8.36 years (4-14 years) and
spent an average of 128.6 minutes (10-1260 minutes)
per week speaking on the phone.

The sample was divided into two groups: 60 minutes
or less, and 60 minutes or more of cell phone use per
week. Mean age was 23.28 years in the first group and
23.35in the second one. A statistically significantly higher
number of micronuclei were observed in the lower lip
in the group that spoke for more than 60 min/week
on the cell phone compared to individuals who spoke
for less than 60 min/week. Also, an increased number
of binucleated cells were observed on the floor of the
mouth of these individuals (Table 1).

By analyzing the nuclear changes in the oral
mucosa as a whole (all oral mucosal sites assessed
were added together), the number of micronuclei
was also higher among individuals who spoke for
more than 60 min/week on the phone compared to
those who spoke for less than 60 min/week (Table 2).

Another analysis was performed by splitting the
sample into a group that owned a cell phone for eight
years or less and into a group that owned it for more
than eight years. Mean age was 23.218 years in the
first group and 23.357 in the second one. Mean values
of broken eggs were statistically higher on the border
of the tongue of individuals owning a cell phone for
over eight years (Table 3). No significant differences
were observed when analyzing the nuclear changes
in the oral mucosa as a whole (all oral mucosal sites
assessed were added together) (Table 4).

g
— i

9 )

Figure. Cytogenetic abnormalities of oral mucosal cells exposed to cell phone radiation. A: micronuclei; B: broken egg;
C: karyorrhexis; D: binucleated cell. Bar, 10 um (Feulgen stain, original magnification 1000x, under oil immersion).
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Table 1. Comparison of weekly cell phone use and mean values of nuclear changes at each anatomical site (1,000 cells).

Weekly cell phone use

Site < 60 minutes (n = 32) > 60 minutes (n = 28) p*
Mean SD Mean SD
Micronuclei
Lower lip 0.063 (+0.25) 0.321 (+£0.61) 0.040
Border of the tongue 0.063 (x0.25) 0.142 (£0.34) 0.305
Floor of the mouth 0.032 (x0.17) 0.036 (=0.19) 0.924
Broken eggs
Lower lip 3.468 (+£5.18) 3.928 (+4.72) 0.452
Border of the tongue 1.312 (£1.61) 1.392 (+2.13) 0.802
Floor of the mouth 0.531 (£0.95) 1.071 (+£1.74) 0.240
Binucleated cells
Lower lip 2.437 (+4.84) 2.892 (+5.08) 0.789
Border of the tongue 0.5 (£0.915) 0.785 (£1.34) 0.380
Floor of the mouth 0.312 (x£0.64) 1.214 (£2.17) 0.032
Karyorrhexis
Lower lip 12.062 (£13.72) 11.464 (+£12.65) 0.835
Border of the tongue 18.468 (x22.43) 12.928 (£14.13) 0.523
Floor of the mouth 5.156 (£6.30) 4.964 (£8.54) 0.615

* Nonparametric Mann-Whitney test.

Table 2. Comparison of weekly cell phone use and mean values of nuclear changes within the whole oral mucosa (3,000 cells).

Weekly cell phone use

< 60 minutes (n = 32) > 60 minutes (n = 28) p*
Mean SD Mean SD
Micronuclei 0.052 (+ 0.22) 0.167 (+ 0.43) 0.048
Broken eggs 1.770 (= 3.38) 2.131 (= 3.37) 0.332
Binucleated cells 1.083 (£ 2.99) 1.631 (£ 3.36) 0.191
Karyorrhexis 11.896 (= 16.34) 9.786 (£ 12.37) 0.419

* Nonparametric Mann-Whitney test.

Table 3. Comparison of years of cell phone use and mean values of nuclear changes at each anatomical site (1,000 cells).

Years of cell phone use

Site < 8 years (n = 32) > 8 years (n = 28) p*
Mean SD Mean SD
Micronuclei
Lower lip 0.218 (+=0.49) 0.142 (+0.45) 0.410
Border of the tongue 0.125 (+0.33) 0.071 (+0.26) 0.494
Floor of the mouth 0.063 (+0.25) 0.000 (+=0.00) 0.182
Broken eggs
Lower lip 4.437 (£5.79) 2.821 (£3.65) 0.253
Border of the tongue 0.875 (£1.36) 1.892 (£2.19) 0.033
Floor of the mouth 0.937 (£1.64) 0.607 (£1.03) 0.521
Binucleated cells
Lower lip 3.156 (£5.83) 2.071 (£3.63) 0.567
Border of the tongue 0.593 (£0.91) 0.678 (£1.36) 0.671
Floor of the mouth 0.875 (=1.98) 0.571 (=1.03) 0.790
Karyorrhexis
Lower lip 11.25 (+£12.97) 12.39 (£13.50) 0.783
Border of the tongue 15.71 (+18.00) 16.07 (+£20.44) 0.750
Floor of the mouth 5.968 (+6.54) 4.035 (+8.21) 0.329

* Nonparametric Mann-Whitney test.
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Table 4. Comparison of years of cell phone use and mean values of nuclear changes within the whole oral mucosa (3,000 cells).

Years of cell phone use

< 8 years (n = 32) > 8 years (n = 28) p*
Mean Mean SD
Micronuclei 0.406 (= 0.614) 0.214 (= 0.568) 0.106
Broken eggs 6.25 (£ 7.15) 5.32 (+ 4.86) 0.627
Binucleated cells 4.62 (= 7.31) 3.32 (= 4.07) 0.786
Karyorrhexis 32.94 (= 28.09) 32.50 (+ 29.33) 0.755

* Nonparametric Mann-Whitney test.

Discussion

The rapid growth in the number of cell phone
users has raised questions about possible biological
effects of the radiation emitted by these appliances.
The oral mucosa is located within an area exposed
to radiation emitted by cell phones; therefore, it is
important to investigate its effects on oral mucosal
cells. The findings of this study suggest that long-term
exposure to cell phone radiation can slightly increase
the frequency of cytogenetic abnormalities, such as
micronuclei, broken eggs, and exfoliated oral mucosal
binucleated cells.

A group of researchers studying the micronucleus
assay denominated The Human Micronucleus
Project on Exfoliated Buccal Cells (HUMNYy,)
made a worldwide survey on studies reporting
micronucleus frequency in 30 different laboratories
and estimated that spontaneous MN frequency of
subjects not exposed to genotoxic chemical agents or
radiation was 0.74%o (95%CI 0:52 to 1:05).>> Although
an increase in nuclear abnormalities was observed,
the mean of MN is still lower than that found in
patients with potentially malignant carcinomas.
Pelliciolli et al.> used a similar methodology
and observed that the MN median was 1 per
1,000 cells for patients with leukoplakia and 2
per 1,000 cells for patients with squamous cell
carcinomas. Therefore, that demonstrates that,
despite a significant increase in micronuclei in
individuals who use their cell phones for a longer
time, the radiation emitted by the appliances is
within acceptable physiological limits.

To date, the literature on this topic has been
contradictory, and a literature review encountered
five studies about the effects of radiation emitted
by cell phones on the oral mucosa, which yielded

contrasting results. Yadav and Sharma' found an
increased frequency of micronucleated exfoliated
cells in 85 cell phone users compared to 24 non-users
(controls). Gandhi and Prabhjot'® also found a
positive correlation between the number of
micronuclei and increasing exposure to cell phone
radiation, comparing 25 users with 25 controls.
Souza et al.'” did not find any correlation between
micronuclei and radiofrequency exposure; however,
this study reports an increase of broken eggs in
the group with greater exposure. Meanwhile, the
studies conducted by Hintzsche and Stopper'® and
Ros-Lior et al.” did not find such correlation. The oral
mucosa shows different degrees of keratinization
according to the anatomical site; for example, the
lip demonstrates greater keratinization compared
to the tongue and to the floor of the mouth,* but
even with these different patterns, our results
showed statistically significant differences at all
sites analyzed; furthermore, we conducted this
investigation on anatomical sites where oral cancer
is more prevalent: lower lip, border of the tongue,
and floor of the mouth.* The differences between
our results and those of other studies may be in
part explained by the different sites analyzed, as
the sites we assessed are likely more susceptible
to cytogenetic alterations.”

By comparing the changes by anatomical site,
we found that the lower lip had a higher mean
of broken eggs and binucleated cells. This data
indicates that such a site has the largest cellular
repair compared to the other ones. Another possible
explanation is that it is exposed to external agents
such as solar radiation and, in addition, the studied
local site is closest to the physically electromagnetic
radiation source. The border of the tongue had
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more karyorrhectic cells than did the other sites.
Such cytogenetic damage is explained when the cell
cannot reverse the damage, being thus eliminated
from the body, suggesting that the oral mucosa
may present different ways to adapt to the same
stimulus.* Regarding all the nuclear modifications
studied, the floor of the mouth had the lowest
averages, which suggests that it would be the most
protected site from cell phone radiation, with the
buccal mucosa and tongue acting as physical and
biological barriers.

It is also important to highlight that different
staining techniques were used. Yadav and Sharma'
used orcein, which is not a DNA-specific stain
and thus might not only stain DNA-containing
micronuclei, but also other artifacts that are not
associated with genomic instability, which can
explain the very high number of micronuclei. The
other studies used DNA-specific stains, which
provide added specificity to the results. Hintzsche
and Stopper® used chromomycin A3; Ros-Lior ef al.”
used DAPL; Gandhi and Prabhjot' and Souza et al."”
used acid-Schiff’s reagent; and in this study, the
Feulgen reaction was performed.

Nowadays, most of the Brazilian population aged
25-34 years old (83%) has a cell phone, according
to data from the Instituto Brasileiro de Geografia
e Estatistica - IBGE. In addition, with respect to
occupation, 88% of agricultural workers had no
cell phone for personal use.?® Therefore, we did not
include a control group, as the results would be
biased by factors such as age, different lifestyles,
and eating habits.

Another controversial topic is the number of cells
quantified for the assessment of micronuclei. Since
micronuclei are a rare event, some authors suggest
that the quantification of 1,000 cells per sample is
not enough."?># In our study, three samples were
collected from each individual; therefore, it was
possible to compare the mean values of nuclear
changes at all sites at the same time in order to
increase the number of cells evaluated (3,000 cells).
The simultaneous analysis of all sites also resulted in
an increased number of micronuclei in individuals
who used the phone > 60 min/week, thus confirming
previous results.

6 Braz Oral Res [online]. 2015;29(1):1-8

Khurana ef al.® showed ipsilateral predisposition
to brain cancers in cell phone users, but not on the
contralateral side; therefore, some studies have distinct
analyses for the left and right sides of the brain. In
this study, such analysis was not performed, because
during the interview, individuals showed difficult
in pointing out the side they used more frequently,
and many individuals also reported changing sides
during calls.

In this study, in addition to micronuclei, other
nuclear anomalies were analyzed, because cells
presenting broken eggs, karyorrhexis or two nuclei
are also biomarkers of genomic damage in the
context of cytotoxicity and cytostatic effects.”” An
increased number of broken eggs were observed
in the tongue of individuals who owned a cell
phone for over eight years. Broken eggs are an
early nuclear change, which may be associated with
DNA repair or elimination of amplified DNA. 1%
As the subjects of this study did not smoke and
did not consume alcohol chronically, they had
no clinically visible oral lesions and reported no
general health problems. We can thus suggest the
occurrence of time-dependent genetic instability
(in years of use) due to low-level exposure to
electromagnetic radiation. In addition, an increased
number of binucleated cells were observed on the
floor of the mouth in those who used cell phones
> 60 min/week. It is known that binucleated cells
indicate a failure of cytokinesis, probably a defective
cell-cycle checkpoint for aneuploidy.*

Conclusion

The presence of micronuclei and other nuclear
anomalies, such as those assessed in this study,
is classically associated with genetic defects that
interfere with genome maintenance.?*2 Based on
the present findings, we suggest that exposure to
electromagnetic radiation emitted by cell phones
may interfere with the development of metanuclear
alterations in individuals who use a cell phone for
more than 60 minutes per week and for over eight
years. To further investigate the effects of this
increased cytogenetic abnormalities caused by cell
phone radiation exposure, it is necessary to assess
the effects of electromagnetic radiation in the same



individual from a cumulative perspective. Therefore,

we strongly suggest that future studies on this subject

should analyze sites considered to be of high risk

for oral cancer aside from the oral mucosa.
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