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Perspectives Revisited - The Buccal Cytome Assay
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ABSTRACT Buccal cell preparations previously scored for micronuclei were re-investigated for genomic instability
and other biomarkers to assess DNA damage, cell-proliferation  and cell-death  in healthy mobile phone users
(n=25; 30.96±2.09y) using mobile phones for 3-5y and the non-mobile phones users (n=25; 32.28±2.01y)
according to the buccal micronucleus cytome (BMCyt) assay which was then not available. The frequency of
micronuclei (13.66x), nuclear buds (2.57x), basal (1.34x), karyorrhectic (1.26x), karyolytic (2.44x), pyknotic
(1.77x) and condensed chromatin (2.08x) cells were highly significantly (p=0.000) increased in mobile phone users
whereas the binucleated cells (4.03x) and repair index (8.36x) showed significant decrease (p=0.000). DNA damage
and nuclear anomalies scored in BMCyt assay are indicative of genetic damage that has not been repaired and this
may predispose the mobile phone users to malignancy and cytotoxicity ramifications. Therefore, despite the
benefits of communication technology, measures need to be taken so that better connectivity is not at expense of
health.
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INTRODUCTION

The Indian mobile-phone subscriber base
has crossed 960.58 million (TRAI 2015) and con-
tinues to increase without abatement.  Rather,
mobile telephony has become ubiquitous and
an integral way of life across all strata.  Howev-
er, the use of low-frequency radiofrequency elec-
tromagnetic radiations in mobile phones for com-
munication is of concern for human health in the
wake of WHO stating that cell phone use is “pos-
sibly carcinogenic” (IARC 2011). This has again
kindled interest in determining the genetic dam-
aging effects from cell (mobile) phone usage
(Daroti et al. 2015; Shah et al. 2015). However
documentations on exposures from radiofre-
quency radiations (RFR) continue to be equivo-
cal in recent literature as genetic damage effects
(Ozgur et al. 2014; Gulati et al. 2015; Shah et al.
2015; Zalata et al. 2015) and no effects (Vijayal-
axmi et al. 2013, 2015; Kumar et al. 2015; Zhu et
al. 2015) have been documented.

In view of this controversy, and the earlier
commentary of Vijayalaxmi et al. (2007) on Gan-
dhi and Singh (2005) on cytogenetic investiga-
tions in mobile phone users compared to those

on healthy non-users, the same buccal smear
permanent preparations (earlier scored only for
the presence of micronuclei) were re-scored in
accordance with the buccal micronucleus cy-
tome assay (Thomas et al. 2009) which was then
not available. The buccal epithelial cells are op-
timal for human biomonitoring as the sample
collection is minimally-invasive and the assess-
ment of micronuclei (MN) is a useful genetic
damage biomarker of endogenous and exoge-
nous exposures (Thomas et al. 2011). Further-
more, the varied biomarkers scorable by the buc-
cal micronucleus cytome (BMCyt) assay are
very informative because of their association
with increased risk for accelerated ageing, can-
cer and neurodegenerative diseases (Thomas
and Fenech 2011).

 The assay (Thomas et al. 2009) entails scor-
ing of micronucleated cells (chromosomal dam-
age) as well as other biomarkers viz. of DNA
damage (nuclear buds), cell-proliferation (basal
and binucleated cells) and of cell-death (karyor-
rhectic, karyolytic, condensed chromatin and
pyknotic cells) in the oral epithelium, which is
composed of four strata of structural, progeni-
tor, and maturing cell populations. These include
the basal cell layer (stratum basale), prickle cell
layer (stratum spinosum), and the keratinized
layer at the surface. The oral epithelium main-
tains itself by continuous cell renewal whereby
new cells produced in the basal layer by mitosis
migrate to the surface replacing those that are
shed. The basal layer contains the cells that may
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express genetic damage (chromosome breakage
or loss). The daughter cells, containing/not con-
taining MN, differentiate eventually into the
prickle cell layer and the keratinized superficial
layer, and then exfoliate into the buccal cavity
with a turnover of 7-21 days. Some cells may
degenerate and manifest as cells with condensed
chromatin, fragmented nuclei (karyorrhectic
cells), pyknotic nuclei, or the nuclear material
may be completely lost (karyolytic or “ghost”
cells).  In some cases, the cells may be arrested
at the binucleated stage (cytokinesis defect) or
may exhibit nuclear buds (also known as “bro-
ken eggs” in buccal cells) which are biomarkers
of gene amplification (Holland et al. 2008; Tho-
mas et al. 2009).

For the present communication, buccal epi-
thelial cell populations comprising various cell
types and their ratios were quantified and, along
with the previously scored micronuclei in healthy
mobile phone users, were compared to those in
age- and gender-matched controls. The ratio-
nale of the appropriateness of this assay is that
continuous exposure to low-intensity electro-
magnetic microwaves during mobile phone us-
age may lead to genotoxic effects in the buccal
mucosal cells. In the absence of any other expo-
sures, the close proximity of the buccal tissue to
the positioning of the cell phones during tele-
phonic conversations increases chances of RFR
exposure with more to buccal mucosa than to
any other tissue. This may manifest after cell
division as unrepairable genetic damage and/or
as sustained genetic alterations, probably the
consequence of genetic defect (s) in cell-cycle
checkpoints (Fenech et al. 2011).

Objectives

 The aim of the present study was to assess
the buccal cytome of mobile phone users and
non-users for DNA damage, cell proliferation and
cell death biomarkers.

MATERIAL  AND METHODS

The details of the study (following ethical
approval) and the method for buccal cell- prepa-
rations (after informed consent) have been ex-
tensively described previously (Gandhi and
Singh 2005). The present paper describes the
application of the scoring criteria on coded buc-
cal epithelial cell-preparations for a comprehen-

sive evaluation of the buccal cytome, addition-
ally scoring for DNA damage , cell proliferation
and cell-death markers as recommended  and
validated by Thomas et al. (2009).

Buccal epithelial cells (2000 cells per partici-
pant; 1000 per slide) were scored for micronuclei
and nuclear buds among which a total of 1000
cells (500/slide) were scored for the various cell
types viz. basal, binucleated, condensed chro-
matin, karyorrhectic, pyknotic  and karyolytic
cells. The record of the frequency of micronu-
cleated cells was re-examined and on finding no
differences, the frequency of micronucleated
cells was retained.  The results on other scored
markers are also reported in per cent frequency
for markers of DNA damage, cell-proliferation
and cell-death cells±standard error of mean. Re-
pair index (RI), which is the degree of genotoxic-
ity, was calculated from the summation of kary-
orrhectic cells and karyolytic cells divided by
the sum of micronucleated cells and cells with
nuclear buds (Celik et al. 2010).

Statistical Analysis

The students’ t-test was used to compare
the frequencies of biomarkers between mobile
phone users and non-mobile phone users. The
Pearson correlation, analysis of variance (ANO-
VA) regression and step-wise regression analy-
ses were carried out to find any association (if
any) between genetic damage and the study
variables. The level of significance was set at
<0.05.

RESULTS

The results of the study reveal a highly sig-
nificant (p=0.000) increase in chromosomal dam-
age as evidenced by the frequency of micronu-
cleated cells and cells with nuclear buds in mo-
bile phone users. Cell-death events were also
highly significantly (p=0.000) increased (con-
densed chromatin cells, karyolytic cells, pyknot-
ic cells, karyorrhectic cells (p=0.006) as was cell
proliferation (basal cells; p=0.051).There was sig-
nificant decrease in cell-proliferation (binucleat-
ed cells; p=0.000) and of repair index (p=0.000)
in the users in comparison to non-users (Table
1). The results reveal that aneugenic/ clastoge-
nic events (Surrallés et al. 1997; Jyoti et al. 2015)
showed a marked statistical increase (p=0.000)
evidenced as an almost 14x elevation of frequen-
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cy of micronucleated basal cells.  Frequency of
nuclear buds (~2.6x) also exhibited significant
(p=0.000) elevation in mobile phone-users there-
by implying that there is marked DNA amplifica-
tion as nuclear buds are extruded by recombina-
tional mechanisms to form minute chromosomes
which can be replicated and/or eliminated by
nuclear budding, transiently becoming MN, be-
fore being extruded from the cell to form micro-
cells (Shimizu et al. 2000).Amplification events
arise because of  elimination of amplified DNA
or because of DNA repair defects complexed
possibly with excess chromosomes from aneup-
loid cells and may also result because of defec-
tive separation of sister chromatids at anaphase
due to failure of decatenation (Fenech et al. 2011).

The number of basal cells and binucleated
cells are indicators of cell-proliferation; in the
present study, the mobile phone users had sig-
nificantly increased fully differentiated basal cells
(1.34 fold; p=0.051) than in non-users. Consid-
ering that the buccal epithelium has a the basal
cell layer, a prickle cell layer, and the keratinized
layer at the surface (Thomas et al. 2009), the
newly arising basal cells in the basal layer mi-
grate to the surface replacing those that are shed
(Holland et al. 2008). The observed increase in
basal cells implies altered regenerative potential
of the buccal mucosal layer which could be an
effect of RFR exposure from continuing mobile
phone use. An increase in basal cells was re-
ported with increased duration of mobile phone
usage in a study by Ros-Llor et al. (2012). There
was a highly significant (p=0.000) decrease
(4.03x) in binucleated cells in mobile phone us-
ers. However, such cytokinetic event has been

reported in buccal cells of mobile phone users
and computer users (Rajkokila et al. 2011).

Among the cell-death markers, karyorrhec-
tic cells were (1.26 fold) significantly increased
(p=0.006), pyknotic, condensed chromatin and
karyolytic cells almost doubled and karyolytic
cells increased by 2.5x times. These cells repre-
sent transient stages of cell-apoptosis and/or
cell-necrosis (Thomas et al.2009). Karyorrhectic
cells exhibit fragmented nuclei and are formed in
later stage of apoptosis (Yadav and Jaggi 2015).
Pyknotic cells appear as cells with shrunken
nuclei and result from the process of cell-death
representing the mechanism of nuclear disinte-
gration (Thomas et al. 2009); condensed chro-
matin cells are manifestations of  early stages of
apoptosis resulting from rapid proteolysis of
nuclear matrix proteins; and on reaching the ad-
vanced stages of necrosis and apoptosis, karol-
ysis results (Yadav and  Jaggi 2015).

Repair Index (RI) was almost eight times de-
creased (p=0.000) in mobile phone users imply-
ing cytotoxic effects. Repair index, which repre-
sents the degree of genotoxicity (Celik et al. 2010)
showed an 8x decrease (p=0.000) emphasizing
that the frequencies of karyolytic and karyor-
rhectic cells are increased which could be be-
cause of radiofrequency radiation exposure
causing nuclear disintegration. In literature, kary-
orrhectic cells were also reported to be slightly
increased (1.29x) in mobile phone users (Yadav
and Sharma 2008).

DISCUSSION

The significantly increased frequency of
buccal  cells with micronuclei, binucleates,
karyorrhexis, condensed  chromatin cells, py-

Table 1: The Buccal Micronucleus Cytome (BMCyt) assay in mobile phone users and controls

The BMCyt biomarkers Mobile phone users Significant- fold Control group p-value
(n=25) (percent increase/decrease (n=25)
frequency ±S.E.M.) (percent

frequency
±S.E.M.)

DNA Damage Micronucleated cells 0.820***±0.940 13.66 0.060   ± 0.03 0.000
Markers Nuclear buds 0.108***±0.009 2.57 0.042   ± 0.007 0.000
Cell- Proliferation Basal cells 0.268*   ±0.025 1.34 0.200   ± 0.023 0.051
Markers Binucleated cells 0.124   ±0.041 4.03† 0.500***± 0.042 0.000
Cell- Death Karyorrhectic cells 1.316**  ±0.063 1.26 1.044   ± 0.070 0.006
Markers Condensed chromatin cells 0.516***±0.046 2.08 0.248   ± 0.023 0.000

Karyolytic cells 1.328***±0.085 2.44 0.544   ± 0.043 0.000
Pyknotic cells 0.796***±0.058 1.77 0.448   ± 0.038 0.000

Repair Index (RI) 1.340   ±0.06 8.36† 11.21   ± 1.34*** 0.000

A p value d<0.05 indicates significant differences,  †significant decrease
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knosis and karyolysis observed in the study par-
ticipants is probably from the use of mobile
phones  which use microwaves in the RFR range
given that the participants were healthy with no
other incidental/accidental/workplace exposure(s).
The observations find similarity with the work of
Daroit et al. (2015) using buccal mucosa to screen
for micronucleated cells, nuclear buds and binu-
cleates as well as of Rekhadevi et al. (2009) mi-
cronuclei in buccal epithelial and DNA damage
in peripheral blood lymphocytes of mobile phone
users, of Gulati et al. (2015) documenting in-
creased frequency of micronuclei in cells of buc-
cal cavity of mobile phone users. However some
contrary reports exist: Ros-Llor et al. (2012) on
buccal cells of mobile phone users, of Hook et
al. (2004) on DNA damage in Molt-4 cells and of
Vijayalaxmi et al. (2013) on peripheral blood lym-
phocytes. The study design, cell types, tech-
niques and genetic endpoints screened may ac-
count for these differences.  The assessement
of DNA damage in epithelial cells collected from
the oral cavity is optimal for assaying use of
mobile phones as these cells are in direct line of
contact when phone is in use; also the collec-
tion of buccal epithelia is a minimally-invasive
method useful for monitoring populations ex-
posed to genotoxic agents (Bonassi et al. 2009).
The choice of buccal epithelium for assessment
of genetic damage is further optimal as on one
hand it has a unique proliferative response which
allows cellular population to maintain a constant
rate of cell divisions, while the cell-proliferative
response in epithelial cells induces proneness
of cells to DNA damage on the other (Torres-
Bugarín et al. 2014). Scoring epithelial cells for
DNA damage further gains significance as  nearly
90 percent of all cancers are derived from epithe-
lial cells (Holland et al. 2008).  The additional
end-points scored in the BMCyt assay are also
very informative biomarkers as these include
measures of chromosomal instability and gene
amplification (via nuclear buds), cytokinesis ar-
rest due to aneuploidy (via binucleated cells),
and cell-death (karyorrhectic and pyknotic cells)
events. Therefore, the micronucleogenic cells
present in epithelial tissue provide a monitor for
individuals or populations exposed to mutagen-
ic, genotoxic, or teratogenic events (Toress-
Bugarin et al. 2014).

The cytome assay has revealed significant
genetic damaging effects, cytokinetic defects as

well as cytotoxicity in buccal epithelial cells of
mobile phone users. The almost 14 fold increase
in aneugenicity/ clastogenicity manifested as
micronuclei is chromosomal damage retained
after DNA repair resulting from the consequence
of aneugenic/ clastogenic events which occurred
1-3 weeks before in the basal epithelium layers
(Thomas et al. 2009).The mobile phone users
had been using phones for 3-5y and therefore
have had continuous exposure from the RFR.

Nuclear buds are indicators of gene amplifi-
cation and therefore are a direct measure of DNA
damage because nuclear buds arise as elimina-
tion of amplified DNA and/or causes of defects
in DNA repair (Nersesyan 2005); these also may
be the precursors of micronuclei (Shimizu et
al.1998).

Non-programmed cell-death, as observed in
the significantly elevated karyorrhectic cells,
karyolytic, condensed chromatin and pyknotic
cells, occurs because of the inability of the cell
nucleus to maintain its integrity and hence caus-
es cells to die. The stages in order of deteriorat-
ing nuclear integrity are condensed chromatin
cells, karyorrhectic cells, pyknotic and the kary-
olytic cells (Thomas et al. 2009). In the present
study at the time of sampling, the mobile phone
users had maximum karyolytic followed by kary-
orrhectic, pyknotic and condensed chromatin
cells similarly indicating significantly increased
loss-of-nuclear integrity. Such effects have also
been observed in literature. The frequency of
karyolytic cells was 7.09 fold increased than the
karyorrhectic cells in mobile phone users (Ya-
dav and Sharma 2008) and in study by Rajkokila
et al. (2011) 1.84x in mobile-phone and computer
users, probably from the RFR exposure.

Cell-proliferation is a measure of healthy
buccal epithelium with its constant rate of cell-
division to maintain a balance between exfoliat-
ing epithelial cells and their replacement (Torres-
Bugarin et al. 2014). Mobile phone users of the
present study had a marginal increase of basal
cells while cytokinetic defects exhibited a de-
crease compared to the occurrence of these
events in the non-users. In documented studies
also, cell-proliferation was reported to be altered
in human epithelial amnion cells (Velizarov et al.
1999) when exposed to 960 MHz frequency and
in human skin fibroblasts (Pacini et al. 2002) ex-
posed to Global System for Mobile Communica-
tion (GSM) cellular phone radiofrequency.



GENETIC DAMAGE AND MOBILE PHONE USE 177

The observed decrease in RI is a manifesta-
tion of increased karyorrhectic and karyolytic
cells and decreased frequency of micronucleat-
ed cells and nuclear buds in mobile phone users
indicating an alteration of homeostatsis of the
buccal epithelium. Such an alteration can occur
during the degenerative processes of nuclear
buds to micronuclei and karyorrhectic to kary-
olytic cells causing clastogenetic changes.
These may cause mutagenetic effects which ul-
timately can lead to carcinogenesis, progressive-
ly increasing with concurrent cell-death events
(Ramirez and Saldanha 2002; Celik et al. 2010).The
consequences of decreased RI can eventually
lead to more genetically-damaged cells. In fact
the micronucleated cells arise from dysfunction
of mitotic apparatus in preceeding mitosis or
because of clastogenicity causing chromosome
breakage (Falck et al. 2002).The events of kary-
olysis and karyorrhexis and of MN and DNA
damage have also been reported in mobile phone
users and computer users (Yadav and Sharma,
2008; Rajkokila et al. 2011). Also an elevated fre-
quency of nuclear buds in exfoliated cells of oral
epithelium has been reported in mobile users
(Souza et al. 2014).

The ramifications of increased genomic dam-
age as observed in the present study in terms of
statistically increased micronucleated cells and
nuclear buds, and of cell-death and cell-prolifer-
ation biomarkers underlie long-term consequenc-
es. Since micronuclei result from clastogenicity
(chromosomal breakage) and/ or aneugenicity
(chromosomal loss), these events imply chro-
mosomal instability (Luzhna et al. 2013), and fur-
thermore the association between increased MN
frequencies and risk of cancer is also well vali-
dated (Bonassi et al. 2011). In fact, chromosomal
changes and genetic instability (as also ob-
served in the participants of the present study)
are underlying factors in carcinogenesis and
therefore, the identification of individuals at high
risk for cancer has public health implications
(Bonassi et al. 2005).

Despite the fact that the mechanism by which
RFR used in mobile telephony can induce ge-
netic damage is not understood, various hypoth-
eses have been put forward on the bases of bio-
chemical and physiological alterations observed
on RFR exposure (Singh and Kapoor 2014). A
study by Blank and Goodman (2009) reported
that electromagnetic radiations, as used for cell
telephony, can penetrate unattenuated into cells

and directly interact with the DNA and other cell
constituents. An interaction of the electromag-
netic field with biological systems can also ini-
tiate oxidative stress which may induce DNA
damage via free radical generation (Phillips et al.
2009; Consales et al. 2012). Oxidative stress has
in fact also been documented after cell-phone
radiation exposure on male reproductive system
(Desai et al. 2009)  and in hippocampus in rats
(Kerman and Senol 2012), which with antioxi-
dant supplementation prevented apoptosis in
male albino rats (Ibrahim and Gharib 2010). Cell-
proliferation rate in hepatocarcinoma cells (Hep
G2) was also decreased by RFR exposure (Ozgur
et al. 2014). Over-expression of ornithine decar-
boxylase from microwave radiations is also linked
to progression of cancer as studied in rats (Paul-
raj and Behari 2012). These studies therefore
emphasize that oxidative stress is one of the
mechanisms associated with increased genotoxic
effects of the RFR radiations.

However, effects of RFR exposure causing
genetic damage continue to be contradictory
(Daroit et al. 2015; Zhu et al. 2015).Some current
reports show concordance with the results of
the present study. Shah et al. (2015) reported
significant increase in chromosomal  damage in
blood samples exposed to in vitro cell phone
radiation. A significant increase in sperm DNA
fragmentation percent, CLU gene expression and
CLU levels alongwith significant decrease in
sperm physiology and activity in semen sam-
ples of individuals exposed to cell phone radia-
tion for one hour in comparison to the non-ex-
posed individuals have been reported (Zalata et
al. 2015). Gulati et al. (2015) reported a signifi-
cant increase in micronuclei assessed in buccal
cells and tail moment in peripheral blood lym-
phocytes in individuals residing near mobile
phone base station in comparison to those not
exposed to such radiations.  Others have also
reported cytogenetic alterations in animal mod-
els and human cells exposed to RF of 915MHz
(Garaj-Vrhovac et al. 2009) and 1250-1350 MHz
(Garaj-Vrhovac and Orescanin 2009). Earlier stud-
ies on humans include those of Zotti-Martelli et
al. (2005) who observed micronucleus frequen-
cies in vitro in peripheral blood lymphocytes
exposed to microwaves while Yadav and Shar-
ma (2008) reported increased frequency of mi-
cronucleated buccal cells in human exposed in
vivo to mobile phone radiations. Significant in-
creases in mean DNA damage, micronuclei and
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chromosomal aberrations were also reported in
mobile phone users in comparison to non-users
(Rekhadevi et al. 2009). Elevated DNA damage
in peripheral blood leukocytes and chromosom-
al damage in buccal cells of mobile phone users
have already been earlier reported (Gandhi and
Anita 2005; 2011; Gandhi and Singh 2005, 2011;
Yadav and Sharma 2008; Rekhadevi et al. 2009).

However, Hintzsche and Stopper (2010) and
Ros-Llor et al. (2012) reported no significant  in-
crease in  frequency of micronuclei in buccal
mucosal cells of mobile phone users in compar-
ison to the controls. Other contrary findings
without significant effect of radiofrequency ra-
diations include the work of Hook et al.(2004) on
exposure of Molt-4 cells to 847.74 MHz code-
division multiple-access (CDMA), 835.62 MHz
frequency –division multiple-access (FDMA),
813.56 MHz iDEN(R)  (iDEN), and 836.55 MHz
time-division multiple-access (TDMA) which
neither induced DNA damage nor apoptosis. Kim
et al.(2008) also reported no clastogenic effect
of 835 MHz radiofrequency electromagnetic
fields on mammalian  cells. A study by Vijayal-
axmi et al.(2013) reported no significant differ-
ences in human peripheral blood lymphocytes
exposed to modulated wideband code division
multiple access (WCDMA) and continuous
wave (CW) radiofrequency exposures (900 MHz)
in comparison to the controls. Scarfì et al. (2006)
reported that exposure to radiofrequency radia-
tion (900 MHz, GSM signal) failed to affect mi-
cronucleus frequency and cell proliferation in
human peripheral blood lymphocytes in culture.
Dominant lethal mutations also did not show an
increase when the unexposed female mice were
mated to RF-exposed (900 MHz RFR) male mice
in comparison to those mated to sham-exposed
mice (Zhu et al. 2015).

The commentary of Vijaylaxmi et al. (2007)
on Gandhi and Singh (2005) and Gandhi and
Anita (2005) is also mainly on similar lines. These
incidentally are two separate studies with none
of the study participants repeated and hence
comprise general information and experimental
data from different individuals. The other com-
ments are responded to here. The information
gathered, sample collection (buccal and blood)
and laboratory work were all conducted at the
same moment in time with subsequent publica-
tion of the results (Gandhi and Singh 2005; Gan-
dhi and Anita 2005). In no way were good labo-
ratory practices and research ethics compro-

mised and so there was no involvement of any
changes affecting the documented data.

For clarification purposes it is reiterated that
the publications of Gandhi and Singh (2005) and
Gandhi and Anita (2005) are separate investiga-
tions on distinct study participants with their
associated data. A structured validated ques-
tionnaire was administered using a face-to-face
interview method and included specific queries
on phone models and sets with duration of
phone use. It was observed that phone replace-
ments were not common at the time nor was use
of a hands’ free-device. The SAR value, as a
plausible exposure index, was used for compar-
ison as also documented widely in literature at
that time. Details on placement of phone sets
when not in use are also specifically mentioned
in the two studies.

The comment regarding non-documentation
of reports on lack of genetic damage effects from
RFR exposure, it is pointed out that the last para-
graph of the discussion in Gandhi and Singh
(2005: 263) and in the last portion of the discus-
sion in Gandhi and Anita (2005: 100), the studies
contrary to our findings have been clearly men-
tioned. In response to the statement about pro-
cessing of samples, the methodology in both
the manuscripts impeccably states that the blood
samples and buccal smear preparation were pro-
cessed within 2-3h of collection. It also needs to
be clarified that “+/-” implies standard errors of
mean (S.E.M.) as depicted clearly in the  tabulat-
ed results (Gandhi and Singh 2005; Gandhi and
Anita 2005).

Pertaining to comments specifically for Gan-
dhi and Singh (2005), statistical analysis as giv-
en in Table1 had revealed that the control group
matched the mobile users with respect to age,
sex, diet (χ2 = 0.987, p=0.32, df=1) and socio-
economic status (χ2 =1.86, p=0.17, df=1).  Also
as the groups matched for diet preferences, there-
fore diet could not directly be a probable cause
of the elevated genetic damage. Socio-econom-
ic status (middle and high) by both groups was
self-reported and also exhibited a match. Regard-
ing frequency and amount of consumption of
non-vegetarian diet, this is a personal prefer-
ence irrespective of affordability. In view of so-
cioeconomic status (SES), it needs to be point-
ed out that Punjab has a very robust gross do-
mestic product (GDP) index and the state is an
economically developed state (Government of
Punjab 2013). Therefore, persons with middle
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and high SES (as are the participants of the
present study) can well afford a daily preferred
non-vegetarian diet.

Regarding the comments about the control
group, it is clearly mentioned that the control
group comprised healthy individuals who had
not and did not use mobile phones; they had no
incidental and occupational exposure(s). Also
neither of the groups resided in the vicinity of
any cell phone base station. Against this infor-
mation, the conditions of a ‘real’ control group
are clearly met. Also the statement at the end of
discussion, is a general statement and is not
meant to be extrapolated to the study partici-
pants and does not pertain to the control group
under study.

Inconsistencies ‘a-c’ (Gandhi and Singh
2005) are errors which have crept in due to a
shift of the columns on removal of the table grids.
The column with heading ‘daily frequency of
calls’ has two sub-parts IN and OUT. The data
under OUT have been shifted under the head-
ing IN of duration of calls (min) while “daily ex-
posure” does not have IN and OUT categoriza-
tions. So accordingly, the daily exposure for
MM1 is  nearly13h (12.70h) only viz. the dura-
tion of incoming calls is 22min with daily 20 calls
(22x 20’= 440min) , on this basis the total expo-
sure for incoming calls comes out to be (440/
60h=7.33h) 7.33h. Similarly with daily 23 outgo-
ing calls, each of about 14min (23x 14’=322min),
the exposure from outgoing calls comes out to
be (322/60h= 5.366=5.37h) 5.37h. Hence total daily
exposure from both incoming and outgoing calls
is (7.33+5.37= 12.70h) 12.70h.  The authors are
apologetic deeply and upset about the misinter-
pretation created. As for comment ‘d’ (MM1 had
been using mobile phone for 4.5 years being a
student with a daily exposure of 12.70h), the data
are self-reported and under signatures while the
comment ‘e’ (regarding diet of middle socio-eco-
nomic class in controls), this has been dealt with
above.

Regarding the methodology for cell cultur-
ing, short-term culturing of peripheral blood lym-
phocytes (Moorhead et al. 1960) was carried out
using PHA (phytohemagglutinin) as a mitogen,
and as per the methodology adopted, BrdU (bro-
modeoxyuridine)  was not used. The rationale
for scoring 72h cultured lymphocytes without
using BrdU was that repaired genetic damage
was being scored in mobile phone users with
similar cultures from controls (non-users). The

observed anomalies  were documented and in-
cluded centromere separation, acrocentric as-
sociations and triploidy;  these were significantly
elevated in mobile phone users. Though these
may not be considered ‘serious aberrations’, yet
their significant increase from those in controls
imply cytotoxicity with cytokinesis and cell- pro-
liferation defects. Incidentally, such defects have
now been also documented in the buccal epi-
thelial while scoring the buccal cytome assay as
increase in micronucleated cells, nuclear buds,
basal cells, karyorrhectic cells, condensed chro-
matin cells, karyolytic cells and pyknotic cells.

The observed per cent aberrant metaphases
in controls were low (10.66 %) because the con-
trols were healthy participants with no recent
past illnesses or exposures. Also the low inci-
dence of MN (0.06%) observed in controls im-
plies that the controls were healthy, and their
diets probably rich in antioxidants. In studies
on healthy controls from this part of the region,
similarly low MN frequencies have been report-
ed viz. 0.0013 in buccal mucosal cells (Sambyal
et al. 2004), 0.042 in uterine smears of cervix can-
cer patients (Gandhi and Kaur 2003) and are in
accordance with earlier reports in exfoliated buc-
cal cells of engine repair workers, taxi drivers
and traffic police (Karahalil et al.1999). Also low
per cent aberrant metaphases in normal study
participants have been documented at 13.02 per-
cent (Kamboj and Sambyal 2006).

The present observations (data) on Buccal
micronucleus cytome assay (Thomas et al. 2009),
an assay which has been well- validated from
the same laboratory as the Cytokinesis block
micronucleus (CBMN) assay (Fenech 2007), are
responses to comments ‘a’ (regarding consider-
ation of cell proliferation/cell cycle) and
‘b’(regarding other nuclear anomalies and low
frequency of  MN in controls). Nuclear anoma-
lies such as condensed chromatin, pyknosis,
karyorrhexis, etc. are cell-death parameters with
distinctive nuclear features and in no manner at
all can be confused with MN.

In the paper by Gandhi and Anita (2005), the
study was on DNA damage in peripheral blood
leukocytes (PBL) of mobile phone users with
evidence of chromosomal damage simultaneous-
ly observed by scoring MN on unstimulated
blood lymphocytes (Xue et al. 1992) even though
the latter has not found wide-spread use. None-
theless, scoring of MN in unstimulated blood
lymphocytes provides good measure of unre-
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pairable (chromosomal) damage, though the as-
say needs validation. In the Gandhi and Anita
(2005) study, DNA damage has been observed
as repairable genetic damage while the concur-
rently observed MN are manifestations of re-
tained genetic damage after DNA repair. Regard-
ing the MN frequency in controls, it was 0.05%
(and not 0.0006) which is a gross error the au-
thors deeply regret.

Also as mentioned in the methodology in
Gandhi and Anita (2005), the comet assay on
PBL of mobile phone users and controls was
performed concurrently. Standard comet assay
methodology as given by Singh et al. (1988) and
as modified by Ahuja and Saran (1999) was fol-
lowed as documented clearly in the manuscript
and therefore the details of the protocols were
not given. DNA migration length measured by
visual scoring using an occulo-micrometer is an
acceptable method used for scoring DNA dam-
age in the comet assay (Collins et al. 2003, 2008).
In fact, there is good synchronization between
visual scoring and image analysis for silver-
stained comets (Garcia et al. 2007).

Correlation analysis of the data of Gandhi
and Singh (2005) has revealed a significant as-
sociation of MN with duration of mobile phone
usage (p=0.022) and duration of daily incoming
call (p=0.037) (Gandhi and Singh 2011). In the
latter, the analysis of variance showed a signifi-
cant association of the frequency of micronu-
clei with SAR (p=0.040) value of mobile phones
and exposure per day( p=0.050) whereas the per
cent aberrant metaphases were associated sig-
nificantly to SAR (p=0.034).Regression analy-
sis showed significant association respectively
of both, MN and per cent aberrant metaphases,
with SAR (p=0.030; 0.050), duration of mobile
phone usage (p=0.020; 0.005) and with exposure
per day (p=0.016); this was however lost on
step-wise regression analysis. Vijayalaxmi et al.
(2007) have mentioned regarding the step-wise
regression only but make no clear mention of
the results of correlation/ regression analyses
they performed.

The above clarifications on the commentary
of Vijayalaxmi et al. (2007) in no way undermine
the significant findings reported in Gandhi and
Singh (2005) and Gandhi and Anita (2005).

CONCLUSION

The present study on the buccal cytome as-
say in mobile phone users reiterates earlier find-
ings and  provides adjunct data on highly sig-

nificant (p=0.000) increase in Chromosomal (mi-
cronucleated cells) and  DNA (nuclear buds)
damage and cell-death (karyorrhectic, pyknotic,
karyolytic and condensed chromatin cells) and
cell- proliferation (basal cells) markers have been
observed. These results emphasize the presence
of chromosomal and genomic instability as well
as cytotoxicity and cytostatic effects in buccal
epithelial cells of mobile phone users in the ab-
sence of any incidental/occupational exposure.

RECOMMENDATIONS

Caution in the use of mobile phone users is
recommended in the light of the present findings.

REFERENCES

Ahuja YR, Saran R 1999. Alkaline single cell gel elec-
trophoresis assay. I Protocol J Cytol Genet, 34: 57-
62.

Blank M, Goodman R 2009. Electromagnetic fields
stress living cells. Pathophysiology, 16: 71-8.

Bonassi S, Biasotti B, Kirsch-Volders M, Knasmueller
S, Zeiger E, Burgaz S, Bolognesi C, Holland N, Th-
omas P, Fenech M, on behalf of the HUMN XL
Project Consortium 2009. State of the art survey
of the buccal micronucleus assay—a first stage in
the HUMNXL project initiative Mutagenesis, 24:
295-302.

Bonassi S, Coskun E, Ceppi M, Lando C, Bolognesi C
et al. 2011.The Human Micronucleus project on
exfoliated buccal cells (HUMNXL): The role of life-
style, host factors, occupational exposures, health
status, and assay protocol. Mutation Research, 728:
88–97.

Bonassi S,Ugolini D, Kirsch-Volders M, Strömberg U,
Vermeulen R, Tucker JD 2005. Human population
studies with cytogenetic biomarkers: Review of the
literature and future prospectives. Environ Mol Mu-
tagenesis, 54: 258-270.

Celik A, Diler SB, Eke D 2010. Assessment of genetic
damage in buccal epithelium cells of painters: Mi-
cronucleus, nuclear changes, and repair index. DNA
Cell Biol , 29: 277-284.

Collins AR, Harrington V, Drew J, Melvin R 2003.
Nutritional modulation of DNA repair in a human
intervention study. Carcinogenesis, 24: 511–515.

Collins AR , Oscoz AA, Brunborg G, Gaivo I, Giovan-
nelli L, Kruszewski M, Smith CC, Rudolf Štìtina
2008. The comet assay: Topical issues. Mutagene-
sis, 23: 143–151.

Consales C, Merla C, Marino C, Benassi B 2012. Elec-
tromagnetic fields, oxidative stress, and neurode-
generation. International Journal of Cell Biology,
2012: 1-16.

Desai NR, Kesari KK, Agarwal A 2009. Pathophysiolo-
gy of cell phone radiation: Oxidative stress and car-
cinogenesis with focus on male reproductive sys-
tem. Reprod Biol Endocrinol, 7: 1-9.



GENETIC DAMAGE AND MOBILE PHONE USE 181

Daroit NB , Visioli F , Magnusson AS , Vieira G R, Rados
PV 2015. Cell phone radiation effects on cytoge-
netic abnormalities of oral mucosal cells. Brazilian
Oral Research, 29: 1-8.

Falck GCM, Catalán J, Norppa H 2002. Nature of
anaphase laggards and micronuclei in female cytok-
inesis-blocked lymphocytes. Mutagenesis, 17: 111–
117.

Fenech M 2007. Cytokinesis-block micronucleus cy-
tome assay. Nature Protocols, 2: 1084 – 1104.

Fenech M, Kirsch-Volders M, Natarajan AT, Surralles J,
Crott JW, Parry J, Norppa H, Eastmond DA, Tuck-
er JD, Thomas P 2011. Molecular mechanisms of
micronucleus, nucleoplasmic bridge and nuclear bud
formation in mammalian and human cells. Mutagen-
esis, 26: 125-132.

Gandhi G, Anita 2005. Genetic damage in mobile phone
users: Some preliminary findings. Indian Journal of
Human Genetics, 11: 99-104.

Gandhi G, Anita 2011. DNA and chromosomal damage
in individuals using mobile phones. International
Journal of Basic and Applied Medical Sciences, 1:
87-103.

Gandhi G, Kaur B 2003. Elevated frequency of micro-
nuclei in uterine smears of cervix cancer patients.
Caryologia, 56: 217-222.

Gandhi G, Singh P 2005. Cytogenetic damage in mobile
phone users: Preliminary data.  International Jour-
nal of Human Genetics, 5: 259-265.

Gandhi G, Singh P 2011. Micronuclei and cytogenetic
abnormalities in individuals using cell phones. In-
ternational Journal of Basic and Applied Medical
Sciences,1: 108-125.

Garaj-Vrhovac V, Gajski G, Trosic I, Pavicic I 2009.
Evaluation of basal DNA damage and oxidative stress
in Wistar rat leukocytes after exposure to micro-
wave radiation. Toxicology, 259: 107-112.

Garaj-Vrhovac V, Orescanin V 2009. Assessment of
DNA sensitivity in peripheral blood leukocytes af-
ter occupational exposure to microwave radiation:
The alkaline comet assay and chromatid breakage
assay. Cell Biol Toxicol, 25(1): 33-43.

Garcia O, Romero I, González JE, Mandina T  2007.
Measurements of DNA damage on silver stained
comets using free Internet software. Mutat Res, 627:
186-190.

Government of Punjab 2013. State Government Up-
date: Punjab. From <http://www.careratings.com/
upload/NewsFiles/Studies/State Update> (Retrieved
on 1 October 2015).

Gulati S, Yadav A, Kumar N, Kanupriya, Aggarwal NK,
Kumar R, Gupta R 2015. Effect of GSTM1 and
GSTT1 polymorphisms on genetic damage in hu-
mans populations exposed to radiation from mobile
towers. Arch Environ Contam Toxicol, [Epub ahead
of print].

Hintzsche H, Stopper H 2010. Micronucleus frequency
in buccal mucosa cells of mobile phone users. Toxi-
cology Letters, 193: 124–130.

Holland N, Bolognesi C, Kirsch-Volders M, Bonassi S,
Zeiger E, Knasmueller S, Fenech M 2008. The mi-
cronucleus assay in human buccal cells as a tool for
biomonitoring DNA damage: The HUMN project
perspective on current status and knowledge gaps.
Mutation Research, 659: 93–108.

Hook GJ, Zhang P, Lagroye I, Li L, Higashikubo R,
Moros EG, Straube WL, Pickard WF, Baty JD, Roti
Roti JL 2004. Measurement of DNA damage and
apoptosis in Molt-4 cells after in vitro exposure to
radiofrequency radiation. Radiat Res, 161: 193-200.

IARC (International Agency for Research on Cancer)
2011. World Health Organization. From <www. iarc.
fr> (Retrieved on 9 September 2015).

Ibrahim NK, Gharib OA 2010. The protective effect
of antioxidants on oxidative stress in rats exposed
to the 950 MHz electromagnetic field. J Rad Res
Appl Sci, 3: 1143 -1155.

Juutilainen J, Heikkinen P, Soikkeli H, Mäki Paak-
kanen J 2007. Micronucleus frequency in erythro-
cytes of mice after long term exposure to radiofre-
quency radiation. Int J Radiat Biol, 83: 213 220.

Jyoti S, Naz F, Rahul, Khan S, Ali F, Fatima A, Khanam
S, Siddique YH 2015. Detection of aneugenicity and
clastogenicity in buccal epithelial cells of pan masala
and gutkha users by pan-centromeric FISH analysis.
Mutagenesis, 30(2): 263-267.

Kamboj SS, Sambyal V 2006. Increased chromosomal
aberrations in peripheral blood lymphocytes of traf-
fic policemen of Amritsar City. Int J Hum Genet, 6:
125-131.

Karahalil B, Karakaya AE, Burgaz S 1999. The micro-
nucleus assay in exfoliated buccal cells: Application
to occupational exposure to polycyclic aromatic
hydrocarbons. Mutation Research, 442: 29-35.

Kerman M, Senol N 2012. Oxidative stress in hippoc-
ampus induced by 900 MHz electromagnetic field
emitting mobile phone: Protection by melatonin.
Biomedical Research, 23: 147-151.

Kim JY, Hong SY, Lee YM, Yu SA, Koh WS, Hong JR,
Son T, Chang SK, Lee M 2008. In vitro assessment
of clastogenicity of mobile-phone radiation (835
MHz) using the alkaline comet assay and chromo-
somal aberration test. Environ Toxicol, 23: 319–
327.

Kumar G, McIntosh RL, Anderson V, McKenzie RJ,
Wood AW 2015. A genotoxic analysis of the he-
matopoietic system after mobile phone type radia-
tion exposure in rats. Int J Radiat Biol, 91: 664-
672.

Luzhna L, Kathiria P, Kovalchuk O  2013. Micronu-
clei in genotoxicity assessment: From genetics to
epigenetics and beyond. Frontiers in Genetics, 4: 1-
17.

Moorhead P, Nowell  PC, Mellman  WJ, Battips  DM,
Hungerford DA 1960. Chromosome preparations
of leukocytes cultured from human peripheral blood.
Experimental Cell Research, 20: 613-616.

Nersesyan, AK 2005. Nuclear buds in exfoliated human
cells. Mutation Research, 588: 64–68.

Ozgur E,  Guler G,  Kismali G, Seyhan N 2014. Mobile
phone radiation alters proliferation of hepatocar-
cinoma cells. Cell Biochem Biophys, 70: 983–991.

Pacini S, Ruggiero M, Sardi I, Aterini S, Gulisano F,
Gulisano M 2002. Exposure to global system for
mobile communication (GSM) cellular phone ra-
diofrequency alters gene expression, proliferation,
and morphology of human skin fibroblasts. Oncol
Res, 13: 19-24.

Paulraj R, Behari J 2012. Biochemical changes in rat
brain exposed to low intensity 9.9 GHz microwave
radiation. Cell Biochem Biophys, 63: 97-102.



182 GURSATEJ GANDHI, PRABHJOT SINGH  AND GURPREET KAUR

Phillips JL, Singh NP, Lai H 2009. Electromagnetic
fields and DNA damage. Pathophysiology, 16: 79–
88.

Rajkokila K, Shajithanoop S, Srinivasan G, Rani MV
2011. Buccal cytome assay – a non -invasive screen-
ing method for evaluation of radiation exposure in
computer and mobile phone users. International
Journal of Current Research, 3: 39-46.

Ramirez A, Saldanha, PH 2002. Micronucleus investi-
gation of alcoholics patients with oral carinomas.
Genet Mol Res, 1: 256–260.

Rekhadevi PV, Sailaja N, Mahboob M, Rahman MF,
Grover, P 2009. Genotoxicity evaluation of human
populations exposed to radio frequency radiation.
Toxicol Int, 16: 9-19.

Ros-Llor I, Sanchez-Siles M, Camacho-Alonso F, Lo-
pez-Jornet P 2012. Effect of mobile phones on
micronucleus frequency in human exfoliated oral
mucosal cells. Oral Diseases, 18: 786–792.

Sambyal V, Kaur R, Chaudhary S, Amar S 2004. High
frequency of micronuclei in buccal mucosa of wom-
en residing near a sewage disposal drain in Amritsar.
Anthropologist, 6: 125-129.

Scarfì MR, Fresegna AM, Villani P, Pinto R, Marino C,
Sarti M, Altavista P, Sannino A, Lovisolo GA 2006.
Exposure to radiofrequency radiation (900 MHz,
GSM signal) does not affect micronucleus frequency
and cell proliferation in human peripheral blood
lymphocytes: An interlaboratory study. Radiation
Research, 165: 655-663.

Shah S, Nair A, Naik M, Bakshi S 2015.Cell phone
radiation and genomic damage: In vitro exposure
and assessment. International Journal of Innova-
tive Research in Science, Engineering and Technol-
ogy, 4: 401-405.

Shimizu N, Itoh N, Utiyama H, Wahl GM 1998. Selec-
tive entrapment of extrachromosomally amplified
DNA by nuclear budding and micronucleation during
S Phase. The Journal of Cell Biology, 140: 1307–
1320.

Shimizu N, Shimuara T, Tanaka T 2000. Selective elim-
ination of acentric double minutes from cancer cells
through the extrusion of micronuclei. Mutation
Research, 448: 81–90.

Singh NP, McCoy MT, Tice RR, Schneider EL 1988. A
simple technique for quantification of low levels of
DNA damage in individual cells. Exp Cell Res, 175:
184-191.

Singh S, Kapoor N 2014. Health implications of elec-
tromagnetic fields, mechanisms of action, and re-
search needs. Advances in Biology, 2014: 1-24.

Souza LC, Cerqueira EM, Meireles JR 2014. Assess-
ment of nuclear abnormalities in exfoliated cells
from the oral epithelium of mobile phone users.
Electromagn Biol Med, 33: 98-102.

Surrallés J, Autio K, Nylund L, Järventaus H, Norppa
H, Veidebaum T, Sorsa M, Peltonen K 1997. Molec-
ular cytogenetic analysis of buccal cells and lym-
phocytes from benzene-exposed workers. Carcino-
genesis 18: 817-823.

Thomas P, Fenech M 2011. Buccal micronucleus cy-
tome assay. Methods Mol Biol, 682: 235-248.

Thomas P, Holland N, Bolognesi C, Kirsch-Volders M,
Bonassi S, Zeiger E, Knasmueller S, Fenech M 2009.
Buccal micronucleus cytome assay. Nat Protoc, 4:
825-837.

Thomas P, Wu J, Dhillon V, Fenech M 2011. Effect of
dietary intervention on human micronucleus fre-
quency in lymphocytes and buccal cells. Mutagene-
sis, 26: 69-76.

Torres-Bugarín O, Zavala-Cerna MG, Nava A, Flores-
García A, Ramos-Ibarra ML.2014. Potential uses,
limitations, and basic procedures of micronuclei and
nuclear abnormalities in buccal cells. Dis Markers,
2014: 1-13.

TRAI (Telecom Regulatory Authority of India) 2015.
From<http:// www. trai.gov.in /Content/ PressRe-
leases. aspx> (Retrieved on 1 October 2015).

Velizarov S, Raskmark P, Kwee S 1999. The effects of
radiofrequency fields on cell proliferation are non-
thermal. Bioelectrochemistry and Bioenergetics, 48:
177–180.

Verschaeve L 2009. Genetic damage in subjects exposed
to radiofrequency radiation. Mutation Research -
Reviews in Mutation Research, 681: 259 – 270.

Vijayalaxmi, Obe G, Scarfi MR, Prihoda T J 2007. Com-
ments on the reports of Gandhi and Colleagues “Cy-
togenetic damage in mobile phone users”. Interna-
tional Journal of Human Genetics,  7: 325-327.

Vijayalaxmi, Reddy AB, McKenzie RJ, McIntosh RL,
Prihoda TJ, Wood AW 2013. Incidence of micronu-
clei in human peripheral blood lymphocytes ex-
posed to modulated and unmodulated 2450 MHz
radiofrequency fields. Bioelectromagnetics, 34: 542-
548.

Xue KX, Ma GJ, Wang S, Zhou P 1992. The in vivo
micronucleus test in human capillary blood lym-
phocytes: Methodological studies and effect of age-
ing. Mutation Research, 278: 259-264.

Yadav AS, Jaggi S 2015. Buccal micronucleus cytome
assay- A biomarker of genotoxicity. J Mol Biomark
Diagn, 6: 1-6.

Yadav AS, Sharma MK 2008. Increased frequency of
micronucleated exfoliated cells among humans ex-
posed in vivo to mobile telephone radiations. Mu-
tation Research, 650: 175-180.

Zalata A,  El-Samanoudy AZ, Shaalan D,   El-Baiomy
Y,   Mostafa T 2015. In Vitro effect of cell phone
radiation on motility, DNA fragmentation and Clus-
terin gene expression in human sperm.  Int J Fertil
Steril, 9: 129–136.

Zhu S, Zhanga J, Liub C, Hea Q, Vijayalaxm, Prihoda
TJ , Tonga J, Caoa Y 2015. Dominant lethal muta-
tion test in male mice exposed to 900 MHz radio
frequency fields. Mutation Research, 792: 53–57.

Zotti-Martelli L, Peccatori M, Maggini V, Ballardin M,
Barale R 2005. Individual responsiveness to induc-
tion of micronuclei in human lymphocytes after
exposure in vitro to 1800-MHz microwave radia-
tion. Mutation Research, 582: 42-52.




