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Mobile phones are being used extensively throughout the world, with more than four billion accounts
existing in 2009. This technology applies electromagnetic radiation in the microwave range. Health effects
of this radiation have been subject of debate for a long time, both within the scientific community and
within the general public. This study investigated the effect of mobile phone use on genomic instability of
the human oral cavity’s mucosa cells. 131 Individuals donated buccal mucosa cells extracted by slightly
scraping the oral cavity with a cotton swab. Every participant filled out a questionnaire about mobile
phone use including duration of weekly use, overall period of exposure and headset usage. 13 Individuals
uccal micronucleus test
enotoxicity
obile phone radiation

MF

did not use mobile phones at all, 85 reported using the mobile phone for three hours per week or less,
and 33 reported use of more than three hours per week. Additionally, information on age, gender, body
weight, smoking status, medication and nutrition was retrieved. For staining of the cells a procedure using
�-tubulin-antibody and chromomycin A3 was applied. Micronuclei and other markers were evaluated
in 1000 cells per individual at the microscope. A second scorer counted another 1000 cells, resulting in
2000 analyzed cells per individual. Mobile phone use did not lead to a significantly increased frequency

of micronuclei.

. Introduction

Mobile phones are being used extensively throughout the world.
ccording to the European Information Technology Observatory,

here were more than four billion accounts in 2009. Especially in
ewly industrialized countries like India and China prevalence of
obile phones is still increasing at enormous rates. But also in
estern Europe and North America the markets for telecommuni-

ation applications are still growing even though penetration rates
subscriptions per inhabitants) have exceeded 100% already. Espe-
ially young people employ mobile phones not only for calls but also
or messages, data transfer, games and other applications (source:
ttp://www.eito.com/).

This technology is based upon electromagnetic radiation of the
icrowave frequency range. Frequency and modulation standard

f the radiation vary depending on the region of the world. In Ger-
any standards of the so called second and third generation are

pplied. The most important second generation standard is “Global
ystem for Mobile Communication” (GSM) which uses frequen-

ies of around 900 MHz and 1800 MHz. Throughout the world this
tandard is used in more than 670 networks in over 200 coun-
ries. Higher frequencies of around 2100 MHz are used by the most
ommon third generation standard “Universal Mobile Telecommu-
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nication System” (UMTS). This system is used in more than 100
countries. For all those frequencies (up to 300 GHz) the Interna-
tional Commission on Non-Ionizing Radiation Protection (ICNIRP)
has established guidelines for exposure limitations (ICNIRP, 2009)
that have been adopted by national regulations in many countries.

Effects of radiofrequency (RF) radiation on biological systems on
all levels from the organism to single molecules have been subject
of debate for a long time not only within the scientific community
but also within the general public. Epidemiologic investigations
mostly focused on a putative connection between mobile phones
and cancer. Whereas some authors do see a link, e.g. Khurana et al.
(2009), most of the investigations cannot confirm an elevated risk
(for review see (Moulder et al., 2005; Schuz et al., 2009)).

There have been investigations showing alterations of enzyme
activity (Ammari et al., 2008; Friedman et al., 2007), others did not
see any changes (Huang et al., 2008). Contradicting results are also
found for cell proliferation (Capri et al., 2004; Lee et al., 2008), pro-
duction of reactive oxygen species (Guney et al., 2007; Hoyto et
al., 2008) and many other biological endpoints. Some effects have
been consistently observed in replicate experiments, e.g. spindle
disturbances (Schmid and Schrader, 2007; Schrader et al., 2008).

More than 100 studies investigated the effect of RF radiation

on DNA. With regard to gene expression, some studies have found
effects while other studies were not able to detect any alterations
(McNamee and Chauhan, 2009). Some investigations found geno-
toxic effects, e.g. Luukkonen et al. (2009), whereas the majority of
studies could not confirm these findings (Huang et al., 2008; Speit et

http://www.sciencedirect.com/science/journal/03784274
http://www.elsevier.com/locate/toxlet
http://www.eito.com/
mailto:stopper@toxi.uni-wuerzburg.de
dx.doi.org/10.1016/j.toxlet.2009.12.016
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Table 1
Characteristics of the study population (Mean, [Min–Max]).

Total Male Female

Gender 100.0% 41.2% 58.8%

Age [years] 26.1 [19–84] 27.4 [19–84] 25.2 [20–64]
19–24 67.2% 63.0% 70.1%
25–39 26.7% 29.6% 24.7%
40–84 6.1% 7.4% 5.2%

Body-mass-index [kg/m2] 22.0 [17.0–31.2] 23.0 [17.6–31.2] 21.3 [17.0–30.5]
<20 22.1% 5.6% 33.8%
20–25 64.9% 77.8% 55.8%
>25 13.0% 16.6% 10.4%

Smoking status Non-smoker 84.8% 81.5% 87.0%
<10 cigarettes/day 7.6% 11.1% 5.2%
≥10 cigarettes/day 7.6% 7.4% 7.8%

Headset usage Non-users 78.6% 78.3% 78.9%
Users 21.4% 21.7% 21.1%

Overall period of exposure <5 years 18.8% 20.5% 17.6%
5–10 years 64.3% 63.6% 64.8%
≥10 years 16.3% 15.9% 17.6%

Duration of phone use [h/week] 0 9.9% 14.8% 6.5%
0–3 64.9% 66.7% 63.6%
3–6 13.7% 11.1% 15.6%
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l., 2007) (for review see (Verschaeve and Maes, 1998; Vijayalaxmi
nd Prihoda, 2008)).

The micronucleus test is one of the most established proce-
ures to measure DNA damage (OECD, 2007; Stopper and Müller,
997). It was originally developed by Boller and Schmid (1970)
nd later improved by Fenech and Morley (1985) by introducing
he application of cytochalasin B. The test quantifies the occur-
ence of small nuclear bodies termed micronuclei. They contain
roken chromosome fragments in case of a clastogenic event
nd/or whole chromosome in case of an aneugenic event. Gen-
rally micronuclei emerge during mitosis when chromosomes or
hromosomal fragments are not distributed to the daughter nuclei
ut lag behind and are surrounded by their own nuclear membrane.
aboratory protocols have been validated and standardized com-
rehensively (Bonassi et al., 2001; Fenech et al., 2003a,b; OECD,
007; Reifferscheid et al., 2008; von der Hude et al., 2000) for lym-
hocytes and cell lines. The micronucleus frequency in peripheral
lood lymphocytes correlates with the risk for cancer and cardio-
ascular disease (Bonassi et al., 2007; Murgia et al., 2007) making it
reliable biomarker. According to recent suggestions other anoma-

ies like nucleoplasmic bridges or nuclear buds may be scored in
arallel with micronuclei, making the micronucleus test a “cytome”
ssay (Fenech, 2006).

Micronuclei can also be counted in exfoliated cells (Majer et
l., 2001), especially in buccal mucosa cells (Thomas et al., 2009;
itenko-Holland et al., 1994). This technique was originally devel-
ped by Stich et al. (1982a,b) and its validation in interlaboratory
omparison studies is currently underway (Bonassi et al., 2009;
olland et al., 2008). It has been used to investigate the effects of
alignancies (Benner et al., 1994), pesticides (Bortoli et al., 2009),

moking (El-Setouhy et al., 2008) and other influences.
Besides the advantage of a very fast and easy cell extraction, the

uccal mucosa micronucleus test is especially suitable to analyze
ffects of RF radiation because the oral cavity is located within the

rea of exposure. So far only one investigation applied this assay
o evaluate whether mobile phone use is associated with genomic
nstability in buccal cells (Yadav and Sharma, 2008). The authors
ound more than twice as many micronuclei in mobile phone users
ompared to non-users. They also described an increase of the
% 4.0% 10.4%
% 0.0% 2.6%
% 0.0% 1.3%

micronucleus frequency in relation to the overall period of expo-
sure.

The present study was executed to verify whether those results
could be confirmed in a different population using a larger cohort
and counting double the amount of cells to increase statistical
power and using a different, DNA-specific staining procedure.

2. Materials and methods

2.1. Chemicals and solutions

All chemicals were purchased from Sigma–Aldrich Chemie GmbH (Steinheim,
Germany). Extraction solution contained 0.9% sodium chloride in demineral-
ized water. Washing buffer contained 0.01 M Tris–HCl, 0.1 M EDTA and 0.02 M
sodium chloride in demineralized water. For the staining procedure anti-�-tubulin-
antibody solution was diluted 1:50 and chromomycin A3 was dissolved in phosphate
buffered saline (PBS) containing 150 mM magnesium chloride, giving a final concen-
tration of 100 mM of chromomycin A3.

2.2. Participants

Before initiation this study was approved by the Ethical Advisory Board of the
hospital of the University of Würzburg (203/08). By statistical power analysis, a
minimum group size of n = 9 was calculated to detect the same increase in micronu-
cleus frequencies seen by Yadav and Sharma (Yadav and Sharma, 2008). Participants
were recruited (a) from students by announcement in lectures, (b) from university
employees by internal communication, and (c) from the general public by newspa-
per announcement. All individuals received written information about the purpose
of this study and the approval of the Ethical Advisory Board. Written consent to par-
ticipation was requested and additionally a questionnaire about duration of daily
mobile phone use, overall period of exposure and usage of headsets was filled out.
Supplementary information including gender, age, body height and weight, smok-
ing status, medication and nutrition habits was retrieved. Special attention was
paid to including age-matched non-users. Proband characteristics are shown in
Table 1.

To ensure that the test procedure actually allows detecting chromosomal
damage, positive controls were added. These consisted of four patients receiving
radiotherapy (25–29 single doses of 2.0 Gy or 2.3 Gy of �-radiation during four weeks
before sampling) compared to four healthy control individuals. Patient characteris-
tics are included in Table 2.
2.3. Sample preparation

Cells were extracted by rubbing a cotton swab connected to a small wooden
stick in both inner cheeks, applying light pressure while moving the swab up and
down and turning it. Then, cells were gathered in a tube containing 5 ml of extraction
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Table 2
Micronucleus frequencies per 1000 cells of patients receiving radiotherapy and control individuals.

Age Gender Radiation Doses MN-containing cells Total number of micronuclei

Controls
# 1 29 Male – 1.0 1.0
# 2 21 Male – 1.5 1.5
# 3 20 Female – 0.4 0.4
# 4 23 Female – 0.5 0.5

Mean ± SEM 0.8 ± 0.3 0.8 ± 0.3

Patients
# 1 64 Male 28 × 2.0 Gy 166.0 226.0
# 2 61 Male 25 × 2.3 Gy 190.7 279.8
# 3 68 Male 27 × 2.3 Gy 107.0 130.0
# 4 70 Male 29 × 2.2 Gy 61.5 78.5
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As mentioned before, 9.9% used no mobile phone at all. 64.9% used
the phone up to three hours, 13.7% used it more than three and up
to six hours and 11.5% used their mobile phone for more than six
hours per week.
Mean ± SEM

* p < 0.05 vs. controls.

olution. This procedure was repeated with a new swab collecting the cells in the
ame solution. Cells were centrifuged (1000 rpm, 5 min) and resuspended in wash-
ng buffer. This washing step was repeated twice. Subsequently, around 6000 cells

ere brought onto precleaned microscope slides by cytocentrifugation (1000 rpm,
min). Slides were stored in methanol (−20 ◦C) for at least one hour to fix cells. For

taining, slides were air-dried and incubated with anti-�-tubulin-antibody solu-
ion (1:50) for four hours at 37 ◦C. Thereafter slides were rinsed with PBS and cells
ere incubated with chromomycin A3 solution for five minutes at room tempera-

ure. Finally, this preparation was mounted with Dabco mounting medium. Before
nalysis slides were coded to guarantee blinded evaluation.

.4. Scoring

Evaluation was performed using a Nikon Ecclipse 55i fluorescence microscope
ith 400× magnification. Each of the two scorers evaluated 1000 cells of each study
articipant, giving a total number of cells analyzed per individual of 2000. Only
esults presented in Table 2 were evaluated by a separate scorer. Main outcome of
his study was the frequency of micronuclei. The following criteria had to be ful-
lled to regard a nuclear anomaly as a micronucleus: (a) lying inside the cytoplasm
ut outside the main nucleus, (b) staining pattern similar to the main nucleus, (c)
ize approximately 1/16 to 1/3 of the main nucleus and (d) roundish shape. Fur-
hermore the frequency of binucleated cells and fragmented nuclei were counted.
ondensed chromatin could not be distinguished without doubts from fragmented
uclei. Neither pyknosis nor karyolysis was observed. In case a cell contained more
han one micronucleus, this was registered in order to determine not only the num-
er of micronuclei but also the number of micronucleated cells. Since cells with
ore than one micronucleus appeared very rarely, results are presented as total
icronucleus frequency. Exemplary pictures are shown in Fig. 1.

.5. Statistics

Statistical analysis was performed using the t-test and the Mann–Whitney-U
est with the help of the software Statistica 8.0.

. Results

.1. Study cohort

In total, samples of 131 individuals were evaluated. Table 1
hows the most important characteristics of this cohort. The mean
ge was 26.1 years ranging from 19 to 84. Mean age of low
0≤t < 1 h/week), medium (1 ≤ t ≤ 2 h/week) and high (t > 2 h/week)

obile phone users was 30.2, 22.9 and 24.4 years respectively. The
tudy population consisted of 41.2% males and 58.8% females. Body-
ass indices ranged from 17.0 to 31.2 kg/m2 (mean 22.0 kg/m2).

2.1% of the individuals lay below, 64.9% within, and 13.0% above
he normal span from 20.0 to 25.0 kg/m2. 7.6% of all the individu-
ls were heavy smokers (10 or more cigarettes per day), 7.6% were

ight smokers (less than ten cigarettes per day) and 84.8% were
on-smokers. The most commonly reported medication was oral
ontraception (26.7%). Some individuals reported allergies or occa-
ional use of analgesics (6.9%). Notably, no chemotherapeutic drugs
r X-ray-treatments were reported. The majority of the participants
131.3 ± 29.1* 178.6 ± 45.5*

did not have special nutrition habits; 7.6% reported being vegetari-
ans. 21.4% employed a headset for telephoning, 78.6% did not. 9.9%
had never used a mobile phone at all. The users consisted of 18.8%
short-term users (less than five years), 64.3% mid-term users (five
to ten years) and 16.3% long-term users (ten years or more). The
primary parameter was the time of mobile phone use per week.
Fig. 1. Pictures of buccal mucosa cells: (A) cell containing one micronucleus and (B)
cell with a fragmented nucleus.
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Table 3
Frequencies of micronuclei and fragmented nuclei per 1000 cells depending on various life style factors (Mean ± SEM).

Micronuclei Fragmented nuclei

Gender Male (n = 54)
Female (n = 77)

1.27 (±0.15)
1.44 (±0.15)

0.44 (±0.12)*

0.12 (±0.03)*

Age [years] 19–24 (n = 88)
25–39 (n = 35)
40–84 (n = 8)

1.38 (±0.13)
1.34 (±0.19)
1.38 (±0.59)

0.29 (±0.07)
0.16 (±0.06)
0.22 (±0.13)

Body-mass-index [kg/m2] <20 (n = 29)
20–25 (n = 85)
>25 (n = 17)

1.47 (±0.30)
1.26 (±0.11)
1.76 (±0.36)

0.29 (±0.17)
0.22 (±0.05)
0.34 (±0.14)

Smoking status Non-smoker (n = 111)
<10 cigarettes/day (n = 10)
≥10 cigarettes/day (n = 10)

1.45 (±0.12)
1.05 (±0.26)
0.83 (±0.25)

0.26 (±0.06)
0.25 (±0.17)
0.15 (±0.11)

Headset usage Non-users (n = 92)
Users (n = 25)

1.38 (±0.13)
1.26 (±0.25)

0.30 (±0.07)
0.08 (±0.04)

Overall period of exposure <5 years (n = 21) 1.13 (±0.25) 0.25 (±0.08)
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5–10 years (n = 72)
≥10 years (n = 19)

* p < 0.05 male vs. female (fragmented nuclei).

.2. Cytogenetic results

The positive controls (Table 2) showed a very high response to
onizing radiation in terms of an increase in micronucleus frequen-
ies. The buccal mucosa cells of these patients frequently contained
ore than one micronucleus; therefore results are presented

s micronucleus-containing cells and total number of micronu-
lei.
Table 3 shows micronucleus frequencies depending on the
arious parameters inquired in the questionnaire. No significant
ifference was observed between males and females, depending on
ge, between low, normal and high body-mass-index, and depend-
ng on smoking status. The number of fragmented nuclei also was

ig. 2. Micronucleus frequency depending on weekly phone use. Individuals were group
Mean ± SEM].
1.42 (±0.15)
1.18 (±0.28)

0.22 (±0.08)
0.26 (±0.12)

not changed dependent on these variables except for gender, where
males had a statistically significant (p < 0.05) higher number of frag-
mented nuclei. Micronucleus frequency was not changed between
headset users and non-users. A decrease in fragmented nuclei was
observed in headset users as a statistically non-significant trend.
There was no difference between people who have used the phone
for less than five, five–nine, or ten and more years.

Fig. 2 shows micronucleus frequencies depending on the dura-

tion of weekly mobile phone use. Both graphs (A) and (B) of this
figure originate from the whole dataset, but the individuals were
grouped differently. In (A) individuals were grouped according to
consistent increase in time interval per column, leading to big dif-
ferences in sample sizes; in (B) grouping was done according to

ed to achieve equal time intervals (A) or equal sample sizes (B) between columns
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Table 4
Frequencies of fragmented nuclei per 1000 cells depending on mobile phone use
(Mean ± SEM).

Mobile phone use [h/week] Fragmented nuclei

t = 0 (n = 13) 0.38 (±0.19)
0 < t ≤ 3 (n = 85) 0.31 (±0.07)
3 < t ≤ 6 (n = 18) 0.08 (±0.06)
6 < t ≤ 9 (n = 12) 0.04 (±0.04)
9 < t ≤ 12 (n = 2) 0.00 (±0.00)
12 < t ≤ 15 (n = 1) 0.00

0 ≤ t < 1 (n = 50) 0.24 (±0.06)
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1 ≤ t ≤ 2 (n = 41) 0.43 (±0.14)*

t > 2 (n = 40) 0.09 (±0.04)*

* p < 0.05: 1 ≤ t ≤ 2 vs. t > 2.

qual sample size per column, leading to different time intervals.
his was done because in (A) sample sizes were partly very small
nd differed a lot, making direct comparison difficult. No significant
ifferences were observed. The statistical analysis was repeated
a) excluding the smokers and (b) analyzing the data of the two
corers separately (not shown). These analyses equally showed no
nfluence of mobile phone use on the micronucleus frequencies.
he number of fragmented nuclei showed a decreasing trend with
uration of phone use (Table 4). Different grouping revealed that

ndividuals using the mobile phone for 1–2 h exhibited more frag-
ented nuclei than people using it less or more.

. Discussion

The controversy about whether RF radiation causes effects
n biological systems besides the well-documented and widely
ccepted heating at higher radiation powers has been going on for
long time and is almost as old as the wide-spread application of
obile phone technology. Even though a large number of studies

anging from tests on cellular systems over animal investigations to
arge epidemiological surveys have been conducted, this question
as not been solved conclusively. Today the majority of studies do
ot show effects, but the scientific community is far from reaching a
onsensus on this topic (Khurana et al., 2009; Moulder et al., 2005).
he hypothesis that non-ionizing radiation does not provoke effects
t low power intensities is supported by the biophysical basics of
he interaction between radiation and biological systems, which do
ot readily provide mechanisms explaining those effects. So called
on-thermal effects have repeatedly been put up for discussion.
his term can describe two different phenomena that have to be
reated separately. The first one comprises effects which have been
emonstrated only at very high field intensities and thus always
oincide with heating effects but are thought to be themselves not
ue to the heating process. The second comprises effects at very low

ntensities which do not lead to a detectable increase in tempera-
ure. These effects have been claimed very often but could never be
onfirmed consistently (Foster, 2000).

One of the biggest concerns of the general public is the connec-
ion between mobile phone use and cancer. This link can only be
onfirmed or rejected by epidemiological surveys and with some
imitations by animal studies. However, in vitro investigations and
uman biomonitoring studies using genotoxicity endpoints are
ery useful tools to supplement the body of evidence. The buccal
icronucleus test is a very reliable, widely used assay to measure

ot only DNA damage but also chromosomal instability and cell
eath (Thomas et al., 2009). The cell extraction is minimally inva-

ive making sampling fast and easy. This test is especially suitable
or investigating the influence of mobile phone use because mobile
hones are located near the cheek during calls, making the oral
ucosa one of the most exposed tissues of the human body. It is

heoretically possible to differentiate between left and right cheek
Letters 193 (2010) 124–130

to determine side differences, which might be considered informa-
tive, because some epidemiological studies suggested an ipsilateral
increase in brain cancers but not on the contralateral side (Khurana
et al., 2009). However, in this study this discrimination was not
done, because mobile phone use is very often not limited to one
side. Even if some people might have a preferential side, many
individuals will change the side between and also during calls.
Furthermore, exposure intensity differences between both cheeks
(inside) have not been quantified according to our knowledge.

For extraction of the cells, use of wooden spatulas or different
brushes is very popular. Here, a cotton swab was used, because this
method assures good cell recovery and is convenient for the partic-
ipants. Furthermore, only differentiated cells were observed during
scoring the slides, making evaluation easier because no basal cells
had to be considered while counting. It is not recommended to score
micronuclei in basal cells, and the ratio between basal and differ-
entiated cells is mostly only dependent on the force with which
cells were extracted and the number of samplings (Thomas et al.,
2009). It can be assumed that no basal cells were observed because
the extraction method was not as invasive into the cheek tissue
as others, indicating that this procedure can be recommended for
future investigations. Participants were asked in detail about their
habits of using the mobile phone because the main aim of this study
was to determine putative influences of mobile phone radiation.
However, exposure to other sources of electromagnetic radiation
of similar frequencies (e.g. using cordless phones at home, liv-
ing very near to base stations, using wireless internet systems)
has not been inquired and an influence cannot be excluded for
sure.

The staining method for analyzing buccal mucosa cells is one
of the critical steps during this assay (Casartelli et al., 1997). For
nucleus staining it is essential to use DNA-specific stains. Nersesyan
et al. (2006) showed that there can be an apparently more than
four-fold increase in micronucleus frequency between smokers and
non-smokers using non-DNA-specific stains. Using DNA-specific
stains on slides from the same subjects, no statistical significant
difference could be observed. This indicates that micronucleus for-
mation is overestimated strongly when non-DNA-specific stains
are used. In this study anti-�-tubulin-antibody was used to stain
the cytoplasm (Weber et al., 1975) and chromomycin A3 was used
to stain the nucleus (Crissman and Tobey, 1990). This method can be
recommended for future studies because it has several advantages:
(a) it gives stable, long-lasting preparations that can be mounted
with normal mounting media; (b) the staining procedure is simple
and robust; and (c) nuclei in yellow appear in a clearly different
and thereby easily and quickly distinguishable color in contrast to
the cytoplasm in green.

This study did not show any statistically significant changes
in micronucleus frequency depending on age, gender, body-mass-
index and smoking status. This is in agreement with most of the
studies using the buccal mucosa micronucleus test (Holland et al.,
2008). These findings do not correlate with results in the micronu-
cleus test in lymphocytes where older individuals and females
usually tend to have more micronuclei. Samples from males exhib-
ited more fragmented nuclei than those from females in our dataset.
However, all frequencies of fragmented nuclei were still in a very
low range (less than 0.5 fragmented nuclei/1000 cells). Future stud-
ies are needed to support and explain this finding.

Patients receiving high dose radiation therapy showed a
clear increase in micronucleus frequency demonstrating that the
micronucleus test in buccal mucosa cells is capable of detecting

genotoxic exposures.

So far there has been one study investigating the effect of
mobile phone use on micronucleus frequency in buccal mucosa
cells (Yadav and Sharma, 2008). That study found a statistically
significant increase in micronuclei in mobile phone users com-



icology

p
d
w
a
o
a
d
s
d
S
c
(
a
Y
a
t
i
A
Y
a
m
g
t
u
m
a
a
f
i
c
i
c
a
i

F

N

C

A

T
p
R

R

A

B

B

B

B

H. Hintzsche, H. Stopper / Tox

ared to non-users. It was not distinguished between the different
urations of weekly mobile phone use but the study individuals
ere grouped according to the overall period of exposure. The

uthors declared a positive correlation between the overall period
f exposure and micronuclei. In contrast, our study did not detect
ny influence of mobile phone use, neither with respect to the
uration of weekly use nor to the overall period of exposure. The
omewhat fluctuant results of fragmented nuclei frequencies are
ifficult to explain and suggest a high variability of this endpoint.
everal points might explain the different outcomes for micronu-
leus frequencies between our study and that by Yadav et al.
Yadav and Sharma, 2008). First, 2000 cells from 131 individu-
ls in contrast to 1000 cells from 109 individuals in the study by
adav et al. were analyzed here, resulting in more than double the
mount of evaluated cells. This lends the study an increased sta-
istical power but does not necessarily explain the difference. But
n addition, staining techniques differed. We used chromomycin
3, which is a DNA-specific stain (Crissman and Tobey, 1990).
adav et al. (Yadav and Sharma, 2008) used orcein which is not
DNA-specific stain and thus might not only stain DNA-containing
icronuclei but also other artifacts that are not associated to

enomic instability (Nersesyan et al., 2006). It also is known that
he use of betel quid and other similar preparations is widely pop-
lar in India and has been found to result in increased buccal
ucosa micronucleus frequencies (Kausar et al., 2009). Yadav et

l. might not have had the chance to exclude this confounder reli-
bly from their study. The different baseline level (micronucleus
requencies in controls) could be attributed to the different stain-
ng procedures. Alternatively it could reflect a population variation
aused by different distributions of genotypes of the participants
n the study populations. Furthermore, differences in micronu-
leus frequencies within a population might reflect exposure to
certain agent, but could also represent an underlying genomic

nstability.
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