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Abstract

Chromosomal damage and apoptosis were analyzed in users of mouthwash and/or alcoholic beverages, using the
micronucleus test on exfoliated oral mucosa cells. Samples from four groups of 20 individuals each were analyzed:
three exposed groups (EG1, EG2 and EG3) and a control group (CG). EG1 comprised mouthwash users; EG2 com-
prised drinkers, and EG3 users of both mouthwashes and alcoholic beverages. Cell material was collected by gently
scraping the insides of the cheeks. Then the cells were fixed in a methanol/acetic acid (3:1) solution and stained and
counterstained, respectively, with Schiff reactive and fast green. Endpoints were computed on 2,000 cells in a blind
test. Statistical analysis showed that chromosomal damage and apoptosis were significantly higher in individuals of
groups EG1 and EG3 than in controls (p < 0.005 and p < 0.001, respectively). No significant difference in chromo-
somal damage and apoptosis was observed between the exposed groups. In EG2, only the occurrence of apoptosis
was significantly higher than in the controls. These results suggest that mouthwashes alone or in association with al-
coholic drinks induce genotoxic effects, manifested as chromosomal damage and apoptosis. They also suggest that
alcoholic drinks are effective for stimulating the process of apoptosis. However, these data need to be confirmed in
larger samples.
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Introduction

Oral cancer is one of the cancer types with the highest
incidence worldwide, ranking alongside cancer of the phar-
ynx as the sixth main cause of malignancy (Saman, 2012).
Several risk factors associated with the development of oral
cancer have been identified, and cigarette smoking has
been the most consistently reported, particularly when
combined with alcohol consumption (Wünsch-Filho, 2002;
Rodriguez et al., 2004; Varela-Lema et al., 2010). The as-
sociation between drinking and oral cancer per se has, how-
ever, been a source of controversy in the literature, with
some reports stating that alcohol alone does not induce the
development of this neoplasia (Jaber et al., 1998), whereas
in several other studies this association was observed
(Altieri et al., 2004; Benedetti et al., 2009; Cancela et al.,
2009; Goldstein et al., 2010).

Mouthwashes are frequently used in oral hygiene.
However, their effectiveness has been questioned, and it
has even been suggested that they may contribute to pro-

moting oral cancer, since many of these products contain
alcohol in their composition. This alcohol serves as a sol-
vent for other components or as a preservative of the prod-
uct (Marinho and Araujo, 2007).

Oral cancer, like other types of cancer, results from
mutations in genes that are involved in DNA repair mecha-
nisms and in the control of cell proliferation and cell differ-
entiation. In addition, changes in genes that control
apoptosis pathways may contribute to promote cancer,
since cells with damaged DNA which escape from death
can produce genetically modified offspring (Hanahan and
Weinberg, 2000). The risk factors for cancer development
are therefore thought to act by inducing changes in genetic
material and thereby leading to the occurrence of both gene
mutations and chromosomal aberrations.

The identification of genetic alterations is an impor-
tant measure for cancer prevention, since these changes oc-
cur before any clinical symptom of the disease is mani-
fested. The effectiveness of micronucleus tests performed
in exfoliated oral epithelium cells for detecting genotoxic
effects following exposure to mutagens has been recog-
nized in many studies (Machado-Santelli et al., 1994; Sala-
ma et al., 1999; Cavallo et al., 2005; Sailaja et al., 2006).
Micronuclei are formed by chromosome fragments or
whole chromosomes that fail to be included in the nuclei
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during cell division. They remain in the cytoplasm of inter-
phase cells, where they can be observed as structures re-
sembling nuclei (Holland et al., 2008). It has been noted
that the micronucleus test is a valuable tool for oral carcino-
genesis risk assessment, since the presence of micronuclei
at high frequencies indicates a greater likelihood of devel-
oping cancer (Saran et al., 2008). The sensitivity of the test
is improved if performed in accordance with the protocols
published by Tolbert et al. (1992) and Thomas et al. (2009).
According to these authors, in addition to evaluating micro-
nuclei, the degenerative nuclear alterations characteristic to
epithelium undergoing renovation, but which - when seen
in excess - are indicative of apoptosis (karyorrhexis, con-
densed chromatin and pyknosis), should also be evaluated.
Degenerative nuclear alterations indicate that additional
genotoxic effects due to exposure are occurring.

In the present study, the genotoxic effects consequent
to mouthwash use and alcohol consumption were analyzed,
using the micronucleus test according to the protocols of
Tolbert et al. (1992) and Thomas et al. (2009).

Materials and Methods

Subjects

The sample comprised 80 healthy individuals (both
males and females) who were seen routinely in dental clin-
ics at the Feira de Santana State University, Bahia, Brazil.
These individuals were all students at this University, with
ages ranging from 20 to 30 years. They were distributed
into four groups of 20 individuals each (three exposed
groups and one control group):

Exposed group 1 (EG1): mouthwash users;

Exposed group 2 (EG2): alcohol consumers;

Exposed group 3 (EG3): mouthwash and alcohol us-
ers;

Control group (CG): individuals not exposed to any
known mutagens or carcinogens.

A questionnaire on demographic data, lifestyle fac-
tors (smoking habit, drinking and mouthwash use) and ex-
posure to genotoxic chemicals and X-rays was applied.

Smokers and individuals who said that they had been
exposed to genotoxic agents were excluded from the study,
as well as those presenting lesions of the oral mucosa visi-
ble at clinical examination.

Sample collection and cytological preparations

In the exposed groups, the time elapsed between the
last use of alcohol and/or mouthwash and the collection of
the sample was at least one week. The material was col-
lected by gently scraping the insides of the cheeks, using a
cervical brush. Buccal smears were prepared on clean
slides, with addition of two drops of saline solution (0.9%
NaCl). Then the slides were air-dried and fixed in a 3:1
methanol/acetic acid solution for ten minutes. Staining and

counterstaining were done 24 hours later, using, respec-
tively, Schiff reactive and fast green (1%).

Cytological analysis

The slides were analyzed under an optical microscope
in a blind test. For each individual, 2,000 cells were evalu-
ated. Micronuclei and degenerative nuclear alterations in-
dicative of apoptosis (sum of karyorrhexis, pyknosis and
condensed chromatin) were identified in accordance with
the criteria of Tolbert et al. (1992) and Thomas et al. (2009)
(Figure 1).

Statistical analysis

Age-related differences between the groups were an-
alyzed using one-way ANOVA, assuming that the data had
a normal distribution. Gender distribution in the groups was
evaluated by means of the chi-square test. Two indexes
were established to evaluate differences between groups re-
garding mouthwash use (MI) and alcohol consumption
(AI). Values were attributed to assess the MI of groups EG1
and EG3, considering use frequency (daily or weekly), du-
ration (in years) and formulation (alcoholic or non-
alcoholic). After multiplication of the values obtained, the
median was calculated, and the chi-square test was used to
evaluate the differences between these groups. Values were
attributed to assess the AI, considering initially the kind of
beverage multiplied by the number of drinks (200 mL) con-
sumed. Then the sum of the obtained values was multiplied
by the values attributed to frequency and duration of this
habit. The differences between groups EG1 and EG3 were
calculated similarly. Cytological endpoints were analyzed
using the conditional test for comparing proportions in situ-
ations in which events are rare (Bragança-Pereira, 1991).
This test is an alternative to the chi-square test and is similar
to Fisher’s exact test (Kalbfleisch, 1979). It is considered to
be appropriate for evaluating cytogenetic events when a
great number of cells are required to detect endpoints that
occur at low frequencies.

Rocha et al. 703

Figure 1 - Cells presenting two micronuclei (a), karyorrhexis (b), con-
densed chromatin (c), and pyknosis (d).



Ethical issues

This study was approved by the Ethics Committee of
the Universidade Estadual de Feira de Santana (Protocol
007/2009). Informed consent statements were signed by all
participants and confidentiality was ensured.

Results

The mean age and standard deviation obtained for the
control group and exposed groups 1, 2 and 3 were, respec-

tively: X = 24.75 � 2.54; X = 25.15 ± 2.59; X = 24.45 ±

2.37; and X = 24.35 � 1.98. One-way ANOVA did not
show any significant difference (F3.76 = 0.4307,
p = 0.7316). There were also no differences between the
groups regarding gender, as determined using the chi-

square test: �
2 = 4.396; DF = 3; p = 0.2218. Seven subjects

in EG2 and 11 subjects in EG3 reported a drinking time of
less than five years, while 13 subjects in EG2 and nine in
EG3 informed that they had been drinking for more than
five years. The use of mouthwash for less than one year was
reported by six subjects in EG1 and by five subjects in EG3.
Fourteen subjects of EG1 and 15 of EG3 reported mouth-
wash use for more than one year. The data regarding gender
distribution, drinking and mouthwash use are presented in
Table 1.

The numbers of micronuclei observed in the individu-
als of the control group and exposed groups 1, 2 and 3 were,
respectively, 2, 12, 8, and 13. Statistical analysis showed

differences between the groups (�2 = 8.5428; DF = 3;
p < 0.05). Chi-square partitions showed that the occurrence
of micronuclei was significantly higher in the individuals
of EG1 and EG3 than in the individuals of the control
group. However, there were no differences in micronucleus
occurrence among the exposed groups or between EG2 and
the control group (Table 2).

The data regarding degenerative nuclear alterations
indicative of apoptosis are presented in Table 3.

Table 4 shows that the occurrence of apoptosis, eval-
uated through the sum of karyorrhexis, condensed chro-
matin and pyknosis, was significantly higher in the individ-
uals of EG1, EG2 and EG3 than in the individuals of the
control group. No differences were observed among the ex-
posed groups.

Discussion

Oral cancer is one of the cancer types with highest in-
cidence worldwide, especially in underdeveloped or devel-
oping countries (Guerra et al., 2005). The high cost of
treating this disease, mainly when detected at advanced
stages, makes this a major public health problem and has
stimulated a constant search for preventive measures.

The importance of chromosome abnormalities as bio-
markers has been highlighted in many studies which have
shown that a greater frequency of such abnormalities is pre-

dictive of higher cancer risk (Bloching et al., 2000; Casar-
telli et al., 2000; Kamboj and Mahajan, 2007; Chatterjee et

al., 2009).

In the present study, the micronucleus test was per-
formed on exfoliated oral mucosa cells, in accordance with
the protocols developed by Tolbert et al. (1992) and
Thomas et al. (2009). These protocols were pointed out as a
valuable tool for assessing genotoxic damage in popula-
tions exposed to a variety of mutagens (Freita et al., 2005;
Cerqueira et al., 2008). The efficiency of this test is notably
greater when the exposure to the mutagenic agent occurs
directly on the oral epithelium. Examples of such exposure
include smoking and the variables analyzed in the present
study, i.e., the drinking habit and mouthwash use.

The genotoxic effects of alcohol consumption, re-
flected by a greater occurrence of micronuclei, have been a
source of controversy in the literature. In a study that as-
sessed the effects of drinking and smoking on the induction
of micronuclei in oral mucosa cells, Bloching et al. (2000)
reported that higher frequencies of these structures only oc-
curred as a result of tobacco consumption.
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Table 1 - Sample characteristics relative to gender, drinking and mouth-
wash use.

Characteristic Group (n)

Exposed Control

EG 1 EG 2 EG 3 CG

Gender

Female 8 6 4 10

Male 12 14 16 10

Drinking frequency (per week)

Once - 7 13 -

2 - 3 times - 13 7 -

Type of drink

Distilled - 2 0 -

Fermented - 11 15 -

Distilled and fermented - 7 5 -

Time of drinking habit (years)

< 5 - 7 11 -

> 5 - 13 9 -

Mouthwash use frequency

Daily 9 - 6 -

2-4 times per week 11 - 14 -

Type of mouthwash

Alcoholic 11 - 16 -

Non-alcoholic 9 - 4 -

Time of mouthwash use (years)

< 1 6 - 5 -

> 1 14 - 15 -



Higher occurrences of micronuclei in exfoliated cells
from the tongues of alcohol-dependent individuals were re-
ported by Reis et al. (2002) in a case-control study. The
numbers of micronuclei were also higher in exfoliated
mucosal cells from the inside of the cheeks of the individu-
als of the exposed group, but the difference was not statisti-
cally significant.

Stich and Rosin (1983) also evaluated the occurrence
of micronuclei among consumers of alcohol and/or to-
bacco. They reported a greater occurrence of these struc-
tures only in individuals with both habits. Additive effects
of these habits with regard to inducing micronuclei in exfo-
liated oral epithelium cells were also described by Kassie et

al. (2001). Bohrer et al. (2005) analyzed exfoliated cells
from three sites in the mouth (tongue, upper lip and buccal
floor) and found, at all three sites, a greater number of
micronuclei in alcohol consumers and manufactured ciga-
rette users than in a control group and in a group that only

consumed tobacco. However, the difference between the
groups was not statistically significant.

After allowing for the differences in the anatomical
sites investigated by Reis et al. (2002) and Bohrer et al.

(2005), the results of the present study are in agreement
with theirs. Thus, the number of micronuclei observed in
alcohol consumers (EG2) was greater than in the controls
(CG). The comparison between these results showed a mar-
ginal statistical significance, which strongly suggests the
need of further studies in larger samples, before reliable
conclusions regarding the mutagenic potential of alcoholic
drinks can be drawn.

It should also be pointed out that evaluations of re-
sults from different studies must take into account the dif-
ferences in variables regarding alcohol consumption, such
as the kind of drink, the quantity consumed and the duration
of the habit.

There are few reports in the literature regarding the
evaluation of the genotoxicity of mouthwashes for humans.
Eren et al. (2002) investigated the occurrence of DNA dam-
age using the Comet test and detected a greater occurrence
of such damage in peripheral lymphocytes and exfoliated
oral epithelium cells of 13 individuals who had used
mouthwashes containing chlorhexidine for 18 days.

Freita et al. (2005) observed a greater occurrence of
micronuclei in mouthwash users, noting however that their
results should be considered with caution, given the very
small number of users (only five subjects of which, more-
over, three consumed both tobacco and alcohol). A greater

Rocha et al. 705

Table 2 - Micronucleus (MN) occurrence in exposed (EG1, EG2 and EG3) and control (CG) groups

Groups MN (obs.) MN (exp.) Total cells MN (‰) Mean � SE Chi-square (DF = 3) Chi-square partitions (DF = 1)

EG1 12 8.75 40,000 0.30 � 0.08 EG1 vs. CG: �
2 = 7.1428 p < 0.01

EG2 8 8.75 40,000 0.20 � 0.06 EG2 vs. CG: �
2 = 3.600; p > 0.05

EG3 13 8.75 40,000 0.33 � 0.07 �
2 = 8.5428 p < 0.05 EG3 vs. CG: �

2 = 8.0667; p < 0.05

CG 2 8.75 40,000 0.05 � 0.03 EG1 vs. EG2: �
2 = 0.800; p > 0.30

Total 35 35 160,000 EG1 vs. EG3:�2 = 0.0400; p > 0.80

EG2 vs. EG3: �
2 = 1.1905; p > 0.20

obs: observed; exp: expected.

Table 3 - Degenerative nuclear alterations indicative of apoptosis ob-
served in the exposed (EG1, EG2 and EG3) and the control (CG) groups.

Group N Total
cells

Karyorrhexis Condensed
chromatin

Pyknosis

EG1 20 40,000 321 97 28

EG2 20 40,000 291 140 17

EG3 20 40,000 258 120 19

CG 20 40,000 156 94 16

Table 4 - Apoptosis occurrence in the exposed (EG1, EG2 and EG3) and control (CG) groups.

Group Apop obs. Apop. exp. Total cells Apoptosis (‰) mean �SE Chi-square (DF = 3) Chi-square partitions (DF= 1)

EG1 446 389.25 40,000 11.15 � 2.22 EG1 vs. CG: �
2 = 45.505; p < 0.001

EG2 448 389.25 40,000 11.20 � 2.02 EG2 vs. CG: �
2 = 46.392; p < 0.001

EG3 397 389.25 40,000 9.93 � 1.37 �
2 = 56.321 p 0.001 EG3 vs. CG: �

2 = 25.884; p < 0.001

CG 266 389.25 40,000 6.65 � 0.85 EG1 vs. EG2: �
2 = 0.004; p > 0.90

Total 1,557 1,557 160,000 EG1 vs. EG3: �
2 = 2.848; p > 0.10

EG2 vs. EG3: �
2 = 3.078; p > 0.05

Apop obs: Apoptosis observed; Apop exp: Apoptosis expected.



frequency of micronuclei associated with the use of mouth-
washes containing chlorhexidine digluconate, alcohol and
glycerol was further observed by Carlin et al. (2012).

It has been suggested that the alcohol present in
mouthwashes is the component responsible for the associa-
tion between this habit and the occurrence of oral cancer
(McCullough and Farah, 2008) and for the genotoxic ef-
fects described (Casartelli et al., 2000; Eren et al., 2002;
Carlin et al., 2012). In the present study, although the fre-
quency of micronuclei observed was highest in the cells ob-
tained from the individuals in exposed group 3 (EG3), who
were users of both mouthwashes and alcoholic drinks, the
comparison with group 1 (EG1), formed by individuals
who only used mouthwashes, did not show any statistically
significant difference. Thus, no additive and/or synergistic
effects can be inferred.

Some mouthwashes are formulated with higher alco-
hol content than that of some alcoholic drinks (Pinêra et al.,
1996). In addition, as these antiseptics are swilled around in
the mouth, they stay in contact with the oral epithelium for
a longer time than when an alcoholic beverage is ingested.
This could be the reason why no greater occurrence of
micronuclei was detected in the subjects who only used al-
coholic drinks (EG2) compared to the controls (CG),
whereas a difference was found with regard to the mouth-
wash users (EG1).

Despite the marginal significance obtained by com-
paring the occurrence of micronuclei in the drinkers and the
control group, genotoxic effects of this habit were shown
by analyzing the occurrence of degenerative nuclear alter-
ations, which were significantly more frequent in the drink-
ers. This indicates that an apoptotic response to the DNA
damage was induced, which may even have masked the ac-
tual occurrence of micronuclei. These results are in agree-
ment with those reported by Freita et al. (2005), who also
observed genotoxic effects of the drinking habit, repre-
sented only by a greater occurrence of apoptosis.

A more frequent occurrence of apoptosis was also ob-
served when either of the other two exposed groups (EG2
and EG3) was compared with the control group. This sug-
gests that mouthwashes are genotoxic, as already shown by
the induction of micronuclei by mouthwash use, whether
alone or in association with alcohol consumption.

Gender and age should always be taken into consider-
ation in studies assessing the occurrence of micronuclei in
humans. Since the groups studied here did not differ regard-
ing these variables, such associations were not investi-
gated.

Despite the controversial results obtained in studies
on the occurrence of micronuclei associated with drinking
habits, the accumulated evidence indicating the risks of
such exposure is sufficient to discourage taking up these
habits and to encourage quitting. Despite also the small
number of studies indicating the genotoxicity of mouth-
washes, there is evidence to advise against their indiscrimi-

nate use. These data need, however, to be confirmed in
larger samples.
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