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Evaluation Of Micronuclei Using Papanicolaou And May
Grunwald Giemsa Stain In Individuals With Different Tobacco
Habits — A Comparative Study

SANGEETA PALASKAR"* AND CHAVI JINDAL®

ABSTRACT
Aims: To compare the Papanicolaou’s (Pap) and May Grunwald’s Giemsa (MGG) staining techniques
which are done to detect micronuclei (MN) in exfoliated buccal mucosal cells in individuals with
different tobacco habits. To determine the severity of human buccal cell changes which are
associated with smoking and smokeless (“chewing’’) tobacco (SLT).
Methods and Material: A total of 45 male subjects (15 smokers, 15 smokeless tobacco
users and 15 non users/ non smokers) were examined. Two cytological smears were taken
from the apparently normal buccal mucosa from each individual. 45 smears (1 per
individual) were wet fixed and stained with Pap and the remaining 45 smears were air
dried and stained with the MGG stain. All the smears were assessed for cellularity and
were scored for MN. Statistical analysis used: The ANOVA (one way analysis of variance)
was used to analyse the frequency of cells with micronuclei. Bonferroni multiple
comparisons were done to determine the significance (p<0.05) of the mean difference.
Results: MNs were easily seen in the clear cytoplasm in the Pap smears. Regarding the
MGG smears, bacteria and cell debris masked the effect of the MNs as compared to the
Pap smears, where the fixative destroyed the bacteria and clearly demarcated the cell
boundaries. The score of the MN frequency decreased as we moved from the smokeless
tobacco chewers to the smokers and then to the non users and the non smokers.
Conclusions: Pap is a better stain as compared to MGG for counting micronuclei.
Smokeless tobacco chewers showed an increased number of MNs as compared to the
smokers, thus laying emphasis on the greater carcinogenic potential of tobacco which was
used in the chewable form.

Key-words: Micronuclei, Smokers, Smokeless tobacco users, Papanicolaou, May
Grunwald’s Giemsa
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Introduction

The buccal cell micronucleus (MN) assay was
first proposed in 1983 [1] and it continues to
gain popularity as a biomarker of genetic
damage in numerous applications. MN assays
provide information on the cytogenetic
damage in the tissues, that are targets of
human carcinogens and from which
carcinomas can develop. Oral squamous cell
carcinomas are characterized by complex
karyotypes that involve many chromosomal
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deletions, translocations and  structural
abnormalities. Cells from these type of
tumours often have errors in chromosome
segregation that lead to the formation of a
lagging chromosome or chromosome parts that
become lost during the anaphase stage of cell
separation and are excluded from the
reforming nuclei. The laggards are observed in
the cytoplasm as micronuclei [2],[3].

Significantly higher frequencies of MNs have
been observed in exfoliated buccal cells, from
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people who are exposed to organic solvents,
antineoplastic agents, diesel derivatives,
polycyclic aromatic hydrocarbons, lead-
containing paints and solvents and drinking
water which is contaminated with arsenic [4]-
[23]. Recent studies have also suggested the
genotoxicity and the cytotoxicity of the urban
air pollution and ozone during the summer
season, particularly in places with high
ambient levels [24]-[26].

The lifestyle factors that are associated with
genetic damage include smoking, alcohol
consumption and diet, especially vitamin
deficiencies and supplementation [2],[27]. A
majority of the studies which reported a
significant increase in MNs in the buccal
mucosa cells, which were related to a risk of
oral cancer, were performed in subgroups of
subjects with specific lifestyle habits, i.e.
chewers of betel quids (areca nut, betel leaves,
slaked lime and tobacco) from India, Taiwan
and Philippines; reverse smokers from India
and Philippines; snuff dippers from Canada;
users of Khaini tobacco (tobacco mixed with
slaked lime) from India, and other similar
practices [28]-[31]. But comparative studies on
individuals who consumed tobacco in different
forms are scarce.

Also, only little attention has been given, until
now, to the effect of different staining
procedures on the results of micronuclei
assays. An evaluation of the literature shows
that a variety of different stains is used in
micronuclei studies. Among the DNA-specific
stains, the ones which are most widely used
are Feulgen and acridine orange; in some
experiments, 4,6-diamidino-2-phenylindole

(DAPI]) and propidium iodide were also used.

About 30% of the studies on epithelial cells

were conducted by using nonspecific stains

(Giemsa, May- Grunwald’s Giemsa, and less

frequently, Orcein) [32]-[34]. Hence, the

present study was done to fulfill the following
study objectives:

1. To compare Papanicolaou’s (Pap) and
May Grunwald’s Giemsa (MGG) staining
techniques to detect micronuclei (MN) in
exfoliated buccal mucosal cells in
individuals with different tobacco habits.

2. To determine the severity of human buccal
cell changes which are associated with
smoking and smokeless (‘‘chewing’’)
tobacco (SLT).
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Materials and methods

Subjects

A total of 45 male subjects (15 smokers, 15
smokeless tobacco users and 15 non users/non
smokers) were selected from among the
outpatients who attended the Department of
Oral and Maxillofacial Pathology, M M
College of Dental Sciences and Research,
Mullana, Ambala, Haryana, from January
2009 to October 2009. The smokers who
smoked every day for at least five years and
consumed >80 packs/year and smokeless
tobacco chewers who chewed four or more
packets daily for at least five years, were
included in their respective groups. All were
occasional drinkers who consumed alcohol
once a week. The control group persons were
not habituated to any form of tobacco
consumption or pan chewing and were
occasional drinkers who consumed alcohol
once a week. The majority of them were living
in rural areas.

Before collecting the samples, the written
consent of each individual was taken. Each
subject was asked about his lifestyle, food
consumption, infectious diseases, X-ray
exposure, medication, etc. Individuals who had
had a recent viral infection or had been
exposed to X-rays or those who had been
under medication were excluded from the
study. The lifestyle (except the habit of
tobacco) and dietary habits of the controls
were similar to those of the users.

Cytological
examination
Before sampling, each individual rinsed
his/her mouth thoroughly with tap water. The
exfoliated cells were obtained by scraping the
buccal mucosa with a moistened wooden
spatula. The scraped cells were placed onto
pre-cleaned slides. Two slides were made from
each subject. One was air dried and stained
with the MGG stain [Table/Fig 1], while the
other was wet fixed and stained with PAP.

preparations and

[Table/Fig 1]: Modified MGG staining
method

Step No. Step
1 Alr drythe smear
2 Drain with May — Grunwald solution for 5 minutes
3 Drain wath Giemsa solution for 15 minutes
4 W ash in running water
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The slides were randomized and scored by a
single observer. From each slide, ~ 1000 cells
were examined under the 400X magnification
and when MN cells were located, they were
examined under the 1000X magnification. The
criterion which was developed by Tolbert et al
[Table/Fig 2] was used for counting the
micronuclei.

[Table/Fig 2]: Tolbert et al criteria

Parameters for cell inclusion in the cellstobe | The suggested criteria for idemtifying MM

scored: are:

1. infact cytoplastn and relatively flat
cell position on the slide;

2. litfl: or no overlap with adjacent 2. less than a third the diarmeter of the

1. ronnded smooth periraeter suggestive

of a membrane;

cells; associated rcleus, but large enough
litfle or no debris; and to discern shape and color;

rucleus normal and infact, nuclear 3. Feulgen positive, ie. pink in bright
perimeter smooth and distinet. field illuraination;

. staining intensity similar to that of the

oW

=

e leus,

ta

. texture similar to that of iucleus;

=N

. same focal plane as nucleus;

-

. ahsenee of overlap with, or bridge to,

the nucleus.

Results

The individual data is presented in [Table/Fig
3]. The frequency of cells with micronuclei
was analysed by means of ANOVA, the one
way analysis of variance.

[Table/Fig 3]: Frequency of distribution of
micronuclei in buccal mucosal cells in both Pap
and MGG stained smears.
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The mean values which were obtained from
the smokeless tobacco chewers, the smokers,
the tobacco non users and the non smokers
were compared in both the PAP and the MGG
staining techniques [Table/Fig 4]. Bonferroni
multiple comparisons were done amongst the
different groups to determine the significance
of the mean difference [Table/Fig 5].

[Table/Fig 4]: Mean number of micronucleated
cells in different groups under different

stains.
Ciroup Pap MGG
(mean +i- 300 (mean +- S0
Confrol 6.13H-220 353 H-1.407
Sraokers FI0TH-538%8 T7T6TH-576
Sraokeless tobacco chewers [ 45 H- 618 386 H-6.51
[Table/Fig 5]: Multiple comparisons
bonferroni
Mean Standard Significance
difference eIToT
Control Smokets -15933* 1.564 nop*
PAP Control Smokeless -IRBETF 1564 nor*
tobaceo users
Smokeless Smokets PR 1584 nor*
tobareo users
Mean Standard significance
difference erTor
Control Sraokers -14133* 1857 o1
MoG Control Smokeless S35 067F 1E5T norF
tobacco users
Smokeless Sraokers 2053 1857 oot
tobacco users %

The mean difference is significant at the .05 level

The mean number of the micronuclei which
was found among the control group by using
the PAP stain was 6.13 +/- 2.29, whereas that
which was obtained by using the MGG stain
was 3.53 +/- 1.407. Similarly, the mean
number of micronuclei among the smokers
which was obtained by using the PAP stain
was higher than that which was obtained by
using the MGG stain i.e. 22.07 +/- 5.88 and
17.67 +/- 5.776, respectively. Again, among the
smokeless tobacco chewers, the Pap stain
smears showed more number of micronuclei
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ie. 45 +/- 6.18 than the MGG stained smears,
where the mean number of micronuclei was
38.6 +/- 6.51. As evident, the mean number of
micronuclei cells was higher in the PAP
stained smears in all the three groups than in
the MGG stained smears. But the difference in
the number of micronuclei in the MGG and
PAP stained smears among the groups was not
statistically significant. The mean number of
micronuclei was significantly higher in
smokeless tobacco users than in the smokers,
non smokers and the non chewers in both the
Pap and the MGG stained smears. Mutiple
comparisons showed the mean difference to be
highly statistically significant amongst the
three groups in both the PAP and MGG
stained smears [Table/Fig 5].

Discussion

The usefulness of a micronucleus test to detect
and quantitate the genotoxic action of
carcinogens and mutagens has been well
established in vitro as well as in vivo studies
[35]. The sensitivity of the micronucleus test is
comparable to that of scoring chromatid breaks
and exchanges. A reasonable relationship
between the carcinogenicity of chemicals and
their capacity to induce micronuclei, as well as
the ease of scoring, stimulated the application
of the micronucleus test to exfoliated human
cells. The MN assay can be used for exfoliated
cells, which offers the advantage of
conducting a genotoxicity test on material
from an intact organism with its multitude of
defense systems [35].

Our findings showed that the results of the
micronuclei assay in exfoliated oral mucosal
cells of tobacco users and non tobacco users
depended strongly on the staining method.
According to the results of the present study,
for the routine micronuclei assay, PAP, which
is the most commonly used cytological stain,
was found to show better staining results as
compared to the MGG, a Romanowsky’s
stain which is used widely in field studies. As
for the PAP stain, the smear was wet fixed in
alcohol which gave a clear background when
compared to MGG, where the smear was air
dried and resulted in a background which was
full of cell debris and salivary proteins, thus
masking the counting of the micronuclei
[Table/Fig 6] and [Table/Fig 7].
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[Table/Fig 6]: PAP stained smear showing
micronuclei in exfoliated buccal mucosal cells.

[Table/Fig 7]: MGG stained smear showing
micronuclei in exfoliated buccal mucosal cells
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These findings were consistent with the
findings of Sohair etal [36] who concluded
that Pap stain was the preferred method in
field studies for scoring and detecting MN in
the cells of the buccal mucosa.

Hence, only Pap stained micronuclei values
were used for multiple comparisons among the
different groups.

As seen in the results section, the percentage
of MN cells was significantly higher in
smokeless tobacco users than in the non
smokers/ non users and the mean difference
between the two was statistically highly
significant [Table/Fig 4] and [Table/Fig 5].
These findings are consistent with the recent
studies of Sellapa et al [37] and Patel et al [38]
where the MN count in smokeless tobacco
users were higher than that in the control
group. Carcinogenic and mutagenic
compounds, including tobacco-specific
nitrosamines, which are present in smokeless
tobacco forms [39], are believed to be
responsible for the induction of micronuclei.
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These compounds are produced from nicotine
by bacterial or enzymatic activity. The same
formation occurs in the mouth under the
influence of saliva [40].

In a study by Suhas et al [41] on buccal cell
changes which are associated with smoking by
using the micronucleus assay, there was found
to be a significant correlation between the
habit of smoking and the frequency of the
micronucleated oral mucosal cells. The results
of present study are in accordance with this
study.

Ozkul etal [42] compared micronuclei
formation in the buccal mucosal cells of
habitual Maras powder (a form of smokeless
tobacco) users with those of the smokers and
found that the mean percentage of the
micronuclated cells was 1.86+/- 0.26 in the
users and 1.99+/-0.33 in the smokers. But
there was no difference between themean
percentages of the micronucleated cells in
these two groups (p>0.05). In the present
study, the mean percentage of the
micronucleated cells was 4.5 +/- 0.61 in
smokeless tobacco users while it was 2.20+/-
0.5 in the smokers. The mean difference
between the two groups was highly
statistically significant.

The risk of cancer in smokeless tobacco users
has been attributed to the presence of tobacco
specific nitrosamines (TSNAs) [43]. There are
four principal compounds: N-
nitrosonornicotine (NNN), 4-methyl-N-
nitrosamino-1-(3-pyridyl)-1-butanone

(NNK), N-nitrosoanatabine (NAT) and N-
nitrosoanabasine (NAB). Only two TSNAs,
NNN and NNK, are considered to be
potential carcinogens (IARC, 1985a). On the
otherhand, both NAT and NAB which are
designated by IARC are not classifiable with
regards to their carcinogenicity (IARC,
1985b). In India, SLT processing is
performedby individual farmers and small
companies with little control over fermentation
and curing, which increases the production of
TSNAs [43]. Also, SLT is not homogeneous in
India, since the tobacco is often combined with
betel leaf (Piper betle) andsliced areca nut
(Areca catechu) and/or powdered slaked lime,
which are additives that enhance the toxicity as
well as the psychotropic effect of tobacco [44].
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Also, studies have proven that the nicotine
content of the Indian brands of smoking
tobacco is slightly high as compared to that of
the international brands [45]. The nicotine
content in commercially available chewing
tobacco products was found to be much lower
than that in the smoking form of tobacco, but
the average daily consumption has made it
comparable to the smoking form [45].

According to the centre for disease control
(CDC), chewing tobacco which was used 7-8
times a day could be equivalent to smoking
30-40 cigarettes per day. Other factors such as
the use of slaked lime and continuous contact
with the oral mucosa, led to more absorption
of nicotine through smokeless tobacco use.
Additionally, in contrast to the smokers who
absorbed nicotine primarily through the
pulmonary vasculature, chewing tobacco users
were found to absorb nicotine through the
buccal mucosa and the gastrointestinal tract
mucosa.

Chewing tobacco is said to have increased the
carcinogenic and genotoxic potential. The
odds for oral cancer are estimated to be 7.3 in
smokers, 1.3 in alcoholics and 11.4 in those
who are habituated to chewing tobacco [46].

Conclusion

This study concludes that Pap is a better stain
over MGG for the micronucleus assay
screening of the buccal cells. The severity of
the buccal changes which were associated with
smokeless tobacco use was more than that in
smokers, thus indicating the more genotoxic
effect of smokeless tobacco. The limitation of
this study was the sample size which could
have been larger. This technique is primitive
and further research by using fluorescent dyes
and molecular markers is recommended.
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