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bstract

The health concerns have been raised following the enormous increase in the use of wireless mobile telephones throughout the world. This
nvestigation had been taken, with the motive to find out whether mobile phone radiations cause any in vivo effects on the frequency of micronucleated
xfoliated cells in the exposed subjects. A total of 109 subjects including 85 regular mobile phone users (exposed) and 24 non-users (controls) had
articipated in this study. Exfoliated cells were obtained by swabbing the buccal-mucosa from exposed as well as sex–age-matched controls. One
housand exfoliated cells were screened from each individual for nuclear anomalies including micronuclei (MN), karyolysis (KL), karyorrhexis
KH), broken egg (BE) and binucleated (BN) cells. The average daily duration of exposure to mobile phone radiations is 61.26 min with an
verall average duration of exposure in term of years is 2.35 years in exposed subjects along with the 9.84 ± 0.745 micronucleated cells (MNCs)
nd 10.72 ± 0.889 total micronuclei (TMN) as compared to zero duration of exposure along with average 3.75 ± 0.774 MNC and 4.00 ± 0.808
MN in controls. The means are significantly different in case of MNC and TMN at 0.01% level of significance. The mean of KL in controls

s 13.17 ± 2.750 and in exposed subjects is 13.06 ± 1.793. The value of means of KH in exposed subjects (1.84 ± 0.432) is slightly higher
han in controls (1.42 ± 0.737). Mean frequency of broken egg is found to be more in exposed subjects (0.65 ± 0.276) as compared to controls
0.50 ± 0.217). Frequency of presence of more than one nucleus in a cell (binucleated) is also higher in exposed (2.72 ± 0.374) in comparison to

ontrols (0.67 ± 0.231). Although there is a slight increase in mean frequency of KH, BE and BN in exposed subjects but the difference is not found
tatistically significant. Correlation between 0–1, 1–2, 2–3 and 3–4 years of exposure and the frequency of MNC and TMN has been calculated
nd found to be positively correlated.

2007 Elsevier B.V. All rights reserved.
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. Introduction

With the advancement of technology, the use of portable hand
eld cellular mobile telephones is enormously increasing day by
ay. India ranks fourth behind China, USA and Russia, which
ave approximately 450 million, 233 million and 160 million
ubscribers, respectively [1]. In India 110.5 million global sys-
em for mobile telecommunication (GSM) and 45.87 million of
ode division multiple assess (CDMA) phones make a total of

56.37 million subscribers of mobile phones at the end of Jan-
ary 2007. It is projected to a mammoth 250 million mobile
hones in India and 3.2 billion in world at the end of 2007 [1,2].

∗ Corresponding author. Tel.: +91 9416173289.
E-mail address: abyzkuk@gmail.com (A.S. Yadav).
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iven the immense number of users of mobile phones, even a
mall adverse effect on health could have a major public health
mplication [3].

Exposure to radio frequency (RF) field in the frequency range
f 300–2100 MHz emitted by cell phones elicit a host of biolog-
cal responses and therefore do represent an unnatural stressor
o the biological system no matter how small [4]. This type of
xposure is likely to cause biological effects in living organ-
sms [5,6] although at present no definitive association can be
btained with the incidences of cancer or of other genetic and
on-genetic pathological conditions [7]. India mainly has two
ystem of digital mobile telephony, i.e. GSM with a carrier fre-

uency around 900 MHz and CDMA with a carrier frequency
f 1800 MHz [8]. In case of biological system the extent of RF
eld exposure depends on the amount of energy deposited in

issue, and it is measured by specific absorption rate (SAR), i.e.

mailto:abyzkuk@gmail.com
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he amount of energy absorbed per unit time per unit mass of
issue and is expressed in W/kg and its maximum level for mod-
rn handsets have been set by governmental regulatory agencies,
.g. Telephone Regulatory Authority of India (TRAI), Federal
ommunications Commission of USA (FCC) and Radiation
rotection Bureau, Canada, in many countries [4]. The SAR

imit recommended by the International Commission on Non-
onizing Radiation Protection (ICNIRP) is 2.0 W/kg. This value
as been averaged over 10 g of body tissue. The guidelines incor-
orate substantial margin of safety to assure the protection of
ll the persons regardless of age and health [9,10]. During the
ast 50 years, a number of biomarkers have been used in envi-
onmental carcinogenesis research in the pretext of refining the
eliability of the exposure assessment and providing tools for
arly detection of disease related changes and their association
ith environmental and genetic factors [11,12]. About 90% of
uman cancers are carcinomas, perhaps because most of the cell
roliferation in the body occurs in epithelia, or because epithelial
issues are most frequently exposed to various forms of physical,
hemical and radiational damage that favors the development of
ancer. The buccal epithelial cells are taken in the present study,
s these cells are in more proximity to the exposure while using
obile phone devices.
Micronucleus assay is a multi-endpoint test of genotoxic

esponses to clastogens [13]. The frequency of micronucleus
MN) is extensively used as a biomarker of genomic instabil-
ty, genotoxic exposure and early biological effect in human
iomonitoring studies [14]. It is used as an indicator of genotoxic
xposition since it is associated with chromosome aberrations
15]. MN may contain (i) acentric chromosome (fragments
ormed by unpaired double stranded breaks or by misrepair
f various DNA lesions) or (ii) lagged chromosomes that have
ailed to segregate into daughter macronucleus during mitosis
16].

Keeping in view the above facts, the aim of the present study
as to investigate the genotoxic effects, if any, of low frequency

lectromagnetic radiation emitted by mobile phones on humans
nder study. We used the exfoliated micronucleus assay for the
tudy of presence of any nuclear anomalies like micronuclei,
aryolysis (KL), karyorrhexis (KH), broken egg (BE) and binu-
leated (BN) cells in buccal epithelial cell of the subjects under
nvestigations.

. Materials and methods

.1. Subjects

For the present investigation 109 individuals, 60 females and 49 males, irre-
pective of age/sex/cast had been taken. Subjects exposed to mobile phone
adiations (user) and healthy controls, matched in respect to age, sex and
ocio-economic status, smoking and alcoholic habits and drug intake, if any
ut unexposed to any chemical or radiational agent (non-user) and selected at
andom, comprised the materials for the present investigations. Subjects under
nvestigation were all healthy and interviewed to assess their habits, according to

he proforma designed for the purpose. None of the subject had family history of
ny genetic anomaly or major illness nor had they undergone irradiation exami-
ation and none have been on drugs for the last 6 months. Informed consent was
aken from all the participants and the study was approved from the institutional
thics committee (via letter no. IEC/07/143). During the present study we found

(
i
e
1
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hat persons were using mobile phone models from different manufacturers, i.e.
okia, L.G., Samsung, Tata, Reliance, Motorola, etc. The SAR value for these
andsets in our investigation ranged from 0.34 in Nokia 9210 (Type RAE-3N)
o 0.95 in Nokia N70 (Type RM-84) as provided by the manufacturer’s manual
17].

.2. Cytological preparations

The study of exfoliated buccal epithelial cells was performed by the standard
echnique of Tolbert et al. [18], with slight variations made for the requirements
f this investigation. Oral mucosa was washed before the buccal cell sample
as collected. The buccal epithelial cells were then swabbed with a moist-

ned wooden tongue depressor. Two slides were prepared for each individual
y smearing the cells on to pre-cleaned microscope slides. The air dried sam-
les were hydrolyzed in 1N HCl at 60 ◦C for 8 min and then they were stained
ith 2% aceto-orcein stain (HIMEDIA, acetic acid RM 5564, orcein RM 277).
ounterstaining was carried out in 0.1% fast green solution (HIMEDIA, RM
266). Coded slides were analyzed using an Olympus CX-41 trinocular research
icroscope at 1000× magnification. At least 1000 cells from each individual
ere examined and the number of cells with nuclear anomalies was scored. The

riterion of Tolbert et al. was followed for scanning cells for micronuclei and
ther nuclear anomalies. In order for the cell to be considered micronucleated,
he putative micronucleus is required to meet the following criteria: (a) rounded,
mooth perimeter suggestive of membrane; (b) less than third the diameter of
he associated nucleus, but large enough to discern shape and color; (c) staining
ntensity similar to that of nucleus; (d) same focal plane as nucleus. In addition to

N other nuclear anomalies are also studied in sample smears are binucleates,
r the presence of two nuclei with in a cell, BE or nuclei that appear to be broken
ut still connected to main nuclei with a thin band, KH or nuclear disintegration
nvolving loss of integrity of the nucleus and KL or nuclear dissolution, in which
ceto-orcein negative, ghost-like image of the nucleus remains. In addition to
hese there were other phenomenon occurring in the cells such as pycnosis and
hromatin, which were observed during scoring of the anomalies. However,
hese were not counted in the anomalies. Pycnosis and condensed chromatin are
onsidered as a part of normal epithelial cell differentiation and maturation.

.3. Statistical analysis

Statistical analysis was done using Student’s t-test [19] along with the Pear-
on correlation and Spearman’s correlation analysis (non-parametric correlation)
ith the help of statistical software origin 6.1 and SPSS 11.5.

. Results

The main characteristics of the exposed and matched con-
rol subjects (average age, exposure time, sex, smoking habits,
rinking habits and dietary habits) are summarized in Table 1.

A total of 109 subjects with average age of 23.82 years (range
8–32 years) have been studied. Out of these 49 (45%) were
ales and 60 (55%) were females. Age-sex-matched controls

24) are also included within 109 subjects. The mean duration
f exposure to mobile phone was 2.35 years (range 9 months to 7
ears) with an average daily exposure time of 61.26 min (range
0–540 min).

The results of the cytological observations on MNC, TMN,
L, KH and BE in terms of mean, standard errors (S.E.), stan-
ard deviations (S.D.) of means and range both in exposed and
ontrol subjects are shown in Table 2.

The mean frequency of MNC (9.84 ± 0.745) and TMN

10.72 ± 0.889) shows a significant difference at 0.01 level
n exposed and controls. The MNC and TMN in non-smoker
xposed group is 9.500 and 10.333, respectively, whereas it is
3.571 and 15.000 in case of smoker exposed group. MNC and
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Table 1
General characteristics of study group and controls matched for age and sex

Sr. no. Variables Total Exposed Control

1 n 109 85 24
2 Average age (years) 23.82 24.19 22.71

3 Sex
Males 49(45%) 42 (49.4%) 7 (29.2%)
Females 60(55%) 43 (50.6%) 17 (70.8%)

4 Smoking habits
Non-smokers 101 (92.7%) 78 (91.8%) 23 (95.8%)
Smokers 8 (7.3%) 7 (8.2%) 1 (4.2%)

5 Drinking habits
Non-alcoholics 97(89%) 74 (87.1%) 23 (95.8%)
Alcoholics 12 (11%) 11 (12.9%) 1 (4.2%)

6 Dietary habits
Vegetarian 79 (71.6%) 60 (70.6%) 19 (79.2%)
Non-vegetarian 30 (28.4%) 25 (29.4%) 5 (20.8%)

7 Average duration of exposure (years) – 2.35 0
8
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MN in case of non-smoker controls is 3.478 and 3.739, respec-
ively, whereas it is 10.000 (both in MNC and TMN) in a single
moker control. The MNC and TMN frequency in case of con-
rol male is 5.714 and 6.571, respectively, whereas it is 10.000
nd 11.047 in exposed male group. On the other hand, MNC
nd TMN in case of female control is 3.058 and 3.176 whereas
n female exposed it is 9.674 and 10.395, respectively.

Cells with MN count more than one were predominant in
he exposed population apparently as a result of the clastogenic
ffect of electromagnetic radiations emitted from mobile phone
ntennas, on the other hand in control cells two or more MN per
ell were not found. Some of the exposed subjects have as high as

7 cells carrying MN as compared to controls having maximum
2 cells containing MN/1000 cells. The mean of KL in controls
as 13.17 ± 2.750 and in exposed subjects was 13.06 ± 1.793.
he value of means of KH in exposed subjects (1.84 ± 0.432)

p
0
b
q

able 2
ytological observations for exposed (n = 85) and controls (n = 24)

r. no. Cytological observations Subjects Mean no

MNC Controls 3.75 ±
Exposed 9.84 ±

TMN Controls 4.00 ±
Exposed 10.72 ±

KL Controls 13.17 ±
Exposed 13.06 ±

KH Controls 1.42 ±
Exposed 1.84 ±

BE Controls 0.50 ±
Exposed 0.65 ±

BN Controls 0.67 ±
Exposed 2.72 ±

NC: micronucleated cell, TMN: total micronuclei, KL: karyolysis, KH: karyorrhex
* Significant at 0.01 level (Student’s t-test).
– 61.26 0
40 (36.7%) 38 (45.2%) 2 (8.3%)

lightly higher than in controls (1.42 ± 0.737). Mean broken
gg was found to be more in exposed subjects (0.65 ± 0.276)
s compared to controls (0.50 ± 0.217). Frequency of pres-
nce of more than one nucleus in a cell (binucleated) was
lso higher in exposed (2.72 ± 0.374) in comparison to controls
0.67 ± 0.231). Although there was a slight increase in mean fre-
uency of KH, BE and BN in exposed subjects but the difference
as not found statistically significant.
Cytological observations in relation to duration of exposure

years) to mobile phone radiation of exposed subjects are shown
n Table 3.

Pearson correlation and Spearman’s correlation (non-

arametric correlation) was found to be positively correlated at
.01 level. It is of interest that a positive correlation was found
etween duration of mobile phone use and MNC and TMN fre-
uency showed gradual increase, although the correlation was

. of cells with nuclear anomalies ± S.E. S.D.(±) Range

0.774* 3.791 0–12
0.745* 6.886 0–46

0.808* 3.956 0–12
0.889* 8.194 0–57

2.750 13.474 0–60
1.793 16.532 0–104

0.737 3.611 0–16
0.432 3.979 0–26

0.217 1.063 0–4
0.276 2.548 0–22

0.231 1.129 0–4
0.374 3.452 0–14

is, BE: broken egg, BN: binucleated cells.
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Table 3
Cytological observations in relation to duration of exposure (years) to mobile phone radiation of exposed subjects

Sr. no. Duration of exposure (years) Subjects (n) Observations Mean no. of cells with nuclear anomalies ± S.E. S.D.(±) Range

1 0–1 5 Duration 0.464 ± 0.119 0.267 0.08–0.8
MNC 8.800 ± 2.244 5.019 2–16
TMN 9.200 ± 2.870* 6.418 0–18

2 1–2 21 Duration 1.085 ± 0.048 0.222 1–108
MNC 10.095 ± 1.253 5.743 0–20
TMN 10.857 ± 1.464* 6.710 0–26

3 2–3 24 Duration 2.010 ± 0.012 0.061 2–2.3
MNC 9.291 ± 2.007 9.835 0–46
TMN 10.583 ± 2.450* 12.010 0–57

4 3–4 21 Duration 3.000 0 0
MNC 11.047 ± 1.126 5.162 4–22
TMN 11.714 ± 1.244* 5.702 4.22

5 >4 14 Duration 4.711 ± 0.260 0.940 4–7
MNC 9.357 ± 1.357 5.077 3–20
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* Positively correlated (Pearson correlation and Spearman’s correlation).

ot found to be statistically significant. During the initial years
1–3) of mobile phone use, MNC and TMN frequency showed
gradual increase. Pearson correlation between 0–1, 1–2, 2–3

nd 3–4 years of exposure has been calculated and found to
e positively correlated for TMN, surprisingly more than 4
ears exposure showed a slight decrease in MNC and TMN
requency.

. Discussion

Inspite of extensive increase in the mobile telephones with in
ast few years, very little is known about the effect of long-term
xposure that is experienced by people using mobile phone or
iving near mobile phone base stations [20]. In the past several
nvestigations have been conducted in order to evaluate the pos-
ible biological effects resulting from human exposure to mobile
hone radiations [21].

Earlier researcher and engineers believed that electromag-
etic field of low frequency could not cause alterations in human
ells, based on the hypothesis that low electromagnetic field
ould not generate a sufficient amount of heat to increase the
issue temperature, not causing damage at the DNA level [22].
ecently, International Agency for Research on Cancer (IARC)
as classified low frequency electromagnetic field as possible
arcinogen—a categorization that necessarily implies that low
lectromagnetic field may promote DNA damage and hence may
e genotoxic [23].

We have chosen exfoliated cell micronucleus assay because
t is well documented that when the target tissue is epithelial
issue, the exfoliated cell micronucleus assay has advantage
ver more widely used micronucleus test in lymphocytes [24],
ymphocyte must be stimulated to undergo mitosis, epithelial

ells do not need to be stimulated, micronuclei in exfoliated
ells reflect genotoxic events that occurred in the dividing
asal layer 1–3 weeks earlier [25]. Micronuclei result from
hromosome breakage or interference with the mitotic appa-

s
fi
m
t

0.214 ± 1.658 6.200 3–24

atus and such events thought to be related to carcinogenesis
26,27].

The biological effects from genotoxic agents such as ioniz-
ng, UV radiations and extremely low frequency electromagnetic
adiation are often postulated to be linearly linked to dose, i.e.
ot showing a threshold even at the lowest exposure level [28].
he inabilities to observe a biological effect dose not necessar-

ly imply that low radiations are harmless. The latter may exert
iological effects by indirect mechanisms (non-stochastical).

There have been few studies regarding health effects of elec-
romagnetic radiations caused by cellular phones, Melt et al. [29]
tudied the interaction of 850 MHz with DNA repair and DNA
ynthesis and found no effect. In contrast to these, Lai and Singh
5], using comet assay or single cell gel electrophoresis, have
eported DNA strands break in rat brain cells irradiated in vivo
ith 2450 MHz radiation at SAR of 0.6 and 1.2 W/kg. Radio

requency exposure of cells in vitro has been linked to changes
n transcription and cell proliferation assayed by the incorpora-
ion of an RNA-precursor and a DNA-precursor, respectively.
F exposure has also been linked to change in cell cycle [30].

Most in vitro studies reporting DNA or chromosomal dam-
ge were conducted at exposure levels that resulted in thermal
ffects. In contrast, several in vivo studies in rodents indicate
direct effect of RF fields on DNA [5]. Increased incidence of

ancer in controlled experiment is equivocal and could be linked
o thermal effects [7].

In previously published studies with cultured human lym-
hocytes no induction of chromosome aberrations, micronuclei
r sister chromatid exchange was measured after exposure to a
00 MHz GSM signal (SAR between 0.2 and 10 W/kg) [30,31].
vidence from in vitro studies to date is consistent with those
pidemiological results, which state that there is no statistically

ignificant difference between cancer and exposure to cell phone
eld [32]. Similar experiments on rats exposed to one of the
obile signal (FDMA or CDMA) were performed but no sta-

istically significant difference was found between the exposed
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nimals for any tumor in any organ [33]. A few studies reported
hat exposure of cultured cells to mobile phone RF energy caused
NA damage [15].
Some of the findings reported that use of mobile phone was

ot associated with an increased risk of acoustic neuromas [34]
nd there was no statistically significant association of mobile
hone use with overall incidence of brain cancer or the inci-
ence of salivary gland cancer [35]. Regular use, or long-term
greater than 10 years) use, or heavy (greater than 500 h) use
f mobile phones (analog or digital) was not associated with
n increase in the incidences of malignant brain tumor [36]. A
ecent in vitro study reports no effect on the frequency of neo-
lastic transformation after exposure to cell phone RF-field (835
nd 848 MHz) at 0.6 W/kg for 7 days in cell culture [37]. Some
tudies have postulated a connection between prolonged use of
ellular phones with both brain cancer and leukemia [38,39].

Significantly, our results obtained from the investigation of
icronucleus in exfoliated cells indicate that exposed individ-

als have a significant increased number of MNC and TMN
Table 2). Similar results were found in other reports, which
howed an increase in MN frequency, following in vitro expo-
ure of human lymphocytes to 1800 MHz microwave radiation
as observed at a power density of 5, 10 and 20 MW/cm2 [40].
ur results are in substantial agreement with the previous reports
n the induction of micronuclei formation and chromosome
amage by non-ionization radiation. A significant increase in
N frequency was reported by Carborari et al. [22]. However,

ome of the investigator found no effects on DNA damage, chro-
osomal aberrations or micronuclei in human peripheral blood

ymphocytes or in rat peripheral blood or bone marrow cells
xposed to two mobile phone signals (CDMA at 847.74 MHz,
DMA at 835.62 MHz) or to 2.45 GHz microwaves [41,42].

The latest interphone study found no risk of brain cancer
mong the North European population in relation to cumulative
ours of mobile phone use or cumulative number of calls but
ore than 10 years of mobile phone use reported on the side of

he head where tumor was located, a statistically increased risk of
lioma was found [43]. Another recent study also found no asso-
iation with non-Hodgkin tumors, testicular cancer, although an
ssociation with non-Hodgkin lymphoma (NHL) of T-cell type
ould not be ruled out [44].

A slight increase in the mean frequency of KH, BE and BN
as also observed in the present study. Binucleation dose not

ikely involves direct interaction with DNA but rather involves
nterference with event occurring late in cell division and con-
equences of binucleation are unknown. BE is very abnormal
uclear appearance of unknown origin and significance [45]. KH
nd KL are evident in cells undergoing necrosis, a form of cell
eath that occurs following injuries by agents that cause gross
erturbation of cellular environment. KH also accompany early
tages of another type of cell death, apoptosis [46]. Although
ycnosis and condensed chromatin are a part of normal epithe-
ial cell differentiation and maturation, these phenomena may

ccur at elevated levels in response to cellular injury [47].

An important finding from our study is that, the duration of
xposure and MN and TMN frequency shows a positive corre-
ation in initial years of exposure, i.e. 0–1, 1–2, 2–3, 3–4 years

[

[
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ut slight decrease in the frequency of MNC and TMN was
bserved for subjects exposed to more than 4 years. It may be
ossible that some DNA repair mechanism gets activated, when
t is exposed to prolonged use of low frequency EMR in vivo
onditions, which worked to protect DNA.

It is conjectured that some clandestine mechanism helps DNA
o develop some sort of adaptability however, when it is in contin-
ous exposure of week genotoxic agents such as low frequency
MR, it is a matter of further investigation.
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