
ABSTRACT

INTRODUCTION: Micronuclei (MN) are microscopically visible round or oval cytoplasmic chromatin masses 
in the extra nuclear vicinity, originating from aberrant mitosis, chromatic fragments or whole chromosomes. 
The local factors like smoking exerts an influence on oral mucosa cells which are reflected as cellular changes 
resulting in the formation of MN.

AIM: To evaluate and compare the MN index in oral exfoliated buccal cells of smokers and non-smokers using 
May-Grunwald Giemsa (MGG) and Acridine Orange Stains.

OBJECTIVES:

1. To evaluate the MN index using MGG stain in smokers & non smokers.

2. To evaluate the MN index using Acridine Orange stain in smokers & non smokers.

3. To compare and evaluate the efficiency of MGG and Acridine Orange stained slides of smokers and non-
smokers.

MATERIALS & METHODS: 60 subjects were divided into two groups of 30 each based on the smoking habit. 
Before sampling, the subjects were made to rinse the mouth thoroughly and then the buccal mucosa was 
scraped and smears were prepared which are subsequently stained with MGG and Acridine Orange stain 
respectively. MN was evaluated using the Tolbert et al criteria and data obtained was subjected to statistical 
analysis.

RESULTS: Significant increase was observed in a number of micronuclei of smokers compared to non-
smokers. There is no significant difference in the staining efficiency of Acridine Orange and MGG stains.

Conclusion: Acridine Orange and MGG stains can be effectively used to evaluate MN index as a biomarker in 
high risk patients.  However, MGG stain is cost effective.  
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INTRODUCTION:

Now a day's oral cancer is one of the most common 

causes of morbidity and mortality. The incidence of 

oral cancer is increasing because of more 

adaptation of smoking and chewing, smokeless 
[1] 

tobacco in economically developing countries.

Tobacco smoke contains several carcinogens and 

genotoxic agents which act in different tissues and 

cause chromosome segregation that leads to 

formation of small fragments of chromosomes 
[2]

called Micronucleus.

MN are microscopically visible round or oval 

cytoplasmic chromatin mass in the extra nuclear 

vicinity, originates from aberrant mitosis and 

consists of eccentric chromosomes, chromatic 

fragments or whole chromosomes which have 
[3] failed to reach spindle poles during mitosis. MN 

can be observed in persons who are exposed to 
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organic solvents, diesel derivatives, polycyclic 

aromatic hydrocarbons, lead containing paints and 
[1] 

solvents.

MN have been used consistently as a biomarker for 

the assessment of DNA damage in a cell, thereby 

giving the information about cancer formation in an 
[4] 

individual. More than 90% of cancers arise in 

epithelial tissues which are in immediate contact 

with inhaled and ingested carcinogens and 
3 

genotoxic agents of tobacco smoke. Normal 

regeneration process of oral mucosa cause 

shedding of superficial cells of epithelium. These 

exfoliated cells are accessible for MN study through 

a cytological smear without causing discomfort to 
[3]the patient. 

So, the present study was under taken to evaluate 

the number of MN in smokers and non smokers 

without any lesions using fluorescent stain Acridine 

orange and MGG stain.

MATERIALS & METHODS:

A total of 60 subjects were included in the study who 

visited to outpatient department of our college. 

These 60 subjects were divided into two equal 

groups as non-smokers (Group I) and smokers 

(Group II). All individuals were asked to type, 

duration and intensity of habit, dietary habits, 

systemic and local disease history.

Before, sampling all individuals were asked to rinse 

the mouth thoroughly with tap water. Exfoliated 

cells were collected from the buccal mucosa using a 

clean pre-moistened wooden spatula. Scraped 

material was spread on the pre cleaned slides and 

four smears were prepared. Among four smears two 

were stained with Acridine Orange and two were 

stained with MGG.

The study sample (n=60) which consists of two 

main groups are further subdivided into 2 

subgroups, each for the purpose of staining as 

follows

Group IA – Acridine Orange stained slides of non-

smokers.

Group IB – MGG stained slides of non- smokers.

Group IIA – Acridine Orange stained slides of 

smokers.

Group IIB – MGG stained slides of smokers.

MN was evaluated in Acridine Orange (Figure 1) and 

MGG stained (Figure 2) slides under the 40x 

objective of research microscope and light 

microscope. The criteria which were developed by 
5

Tolbert et al  (Table 1) was used for counting the MN. 

Data obtained was subjected to statistical analysis.
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figure 1-reveals MN in acridine
orange stained slide of smokers

Figure 2 reveals MN in MGG
stained slide of smokers
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RESULTS:

The comparison of the MN number in group I & II 

was shown in Figure 3. The mean value of the MN 

number in group II (smokers) is greater than group I 

(non-smokers). 

Table 2 shows the comparison of group I & II with 

number of MN by Mann-Whintey U test significant 

p-value i.e. 0.00001.

Table 3 shows a  pair wise comparison of non-

smokers and smokers, Acridine orange and MGG 

stained slides by Tukeys multiple posthoc 

procedures in which significant p-value i.e 0.0001 

can be observed between groups IA and IIA, groups 

IA and IIB, groups IB and IIA, groups IB and IIB. But 

Table 2: Comparison of Group IA & Group IIA 

with number of micronuclei by Mann-Whitney U 

test
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Tables:

Table 1: Tolbert et al criteria

Parameters for cell inclusion in the cells to 

be scored: 
 

Suggested criteria for identifying MN are 

1.  Intact cytoplasm and relatively flat cell 

position on the slide. 

2.  Little or no overlap with adjacent cells. 

3.  Little or no debris. 

4.  Nucleus normal and intact, nuclear 

perimeter smooth and distinct. 

1. Rounded smooth perimeter suggestive of 

a membrane. 

2. Less than a third the diameter of 

associated nucleus, but large enough to 

discern shape and   colour. 

3. Staining intensity similar to nucleus. 

4. Texture similar to nucleus. 

5. Same focal plane as nucleus. 

6. Absence of overlap with or bridge to 

nucleus. 

7. Feulgen positive, i.e., pink in bright field 

illumination.

 Group
 

Mean
 

SD
 

Sum of ranks
 

U-value
 

Z-value P-value

Group IA
 
1.30

 
0.95

 
546.00

  

Group IIA  3.93  1.66  1284.00  81.00  -5.4555 0.00001*

 *p<0.05

Figure 3 - Showing comparison of number of 

micronuclei in Group I & Group II.
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the p-value is not significant in comparison of IA and 

IB, IIA and IIB groups. 

These results state that there is a significant rise in 

number of MN in smokers compared to non-

smokers and there is no difference in staining 

effectiveness of Acridine Orange and MGG stains.
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Table 3: Pair wise comparison of non-smokers and smokers Acridine Orange and MGG 

stained slides with number of micronuclei by Tukeys multiple posthoc procedures

 Groups and sub groups Group 1A Group 1B Group 2A Group 2B 

Mean 1.30 1.40 3.93 3.30 

SD 0.95 0.72 1.66 1.32 

Group 1A Non smokers with 

Acridine orange stained 

slides 

-    

Group 1B Non smokers with MGG 

stained slides 

P=0.9888 -   

Group 2A Smokers with Acridine 

Orange stained slides 

P=0.0001* P=0.0001* -  

Group 2B Smokers with MGG 

stained slides 

P=0.0001* P=0.0001* P=0.1880 - 

 *p<0.05

DISCUSSION: 

Cytogenetic markers like chromosomal aberrations, 

sister chromatid exchanges, and MN are sensitive 

indicators of genetic damage. MN are small 

chromatin bodies that appear in the cytoplasm by 

the condensation of acrocentric chromosomal 

fragments or by whole chromosomes, lagging 

behind the cell division. Thus, it is the only 

biomarker that allows the simultaneous evaluation 

of both clastogenic and aneugenic effects in a wide 

range of cells, which are easily detected in 
[6]interphase cells. 

Biomarkers are instruments of individual tumor 

[7] prevention, which help to detect high risk patients.

MN assay in oral exfoliated buccal cells is the 

preferred target site for early genotoxic events in 
[8]

humans and it is also a minimally invasive method.  

Buccal cells are considered to be the first barrier for 

the inhalation or ingestion route and are capable of 

metabolizing proximate carcinogens to reactive 

products. Approximately 90% of human cancers 
[9]

originate from epithelial cells.  

In the early studies from the 1980s, exfoliated 

buccal mucosa cells were used to evaluate the 

genotoxic effects of betel nuts and quids and of 
[9]chewing tobacco.  Oral cancer is closely associated 
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with tobacco and alcohol and usually occurs as a 

result of malignant transformation of a pre-existing 

lesion.  

Among DNA specific stains, most commonly used 
[10]

are Feulgen and Acridine orange , but in the 

present study Acridine Orange is preferred as it 

consumed less time and micronuclei could easily be 

assessed because of fluorescence. Acridine Orange 

is easily available nucleic acid selective fluorescent 

dye that emits green radiation at 525nm helping in 
[4] 

easy scoring of MN with less error, but this 

acridine orange is not cost effective so it is difficult to 

use in mass screening procedures. About 30% of the 

studies on epithelial cells were conducted by using 

non-specific stains such as Giemsa, MGG and less 
[10]

frequently Orcein.  In the current study, MGG is 

used which is most common Romanowsky's stain 

used widely in field studies.

The aim of the present study was done to evaluate 

the number of MN in smokers and non-smokers 

using Acridine Orange and MGG stains. Results were 

in accordance with the study conducted by Nefic H, 
[11]  [3] [12] 

et al , Kamath et al ,  and Konopacka et al who 

observed more number of MN in smokers than non-

smokers and concluded cigarette smoking 

significantly increases the number of MN. 

Results of the present study revealed that the overall 

mean value of MN in smokers was higher (i.e., 3.6) 

compared non-smokers (i.e., 1.8). These variations 

in the micronucleated cells is mainly attributed to 

the factors like ingredients in the tobacco and quid, 

number of quids or tobacco per day, different life 
13

styles, gender, age and food habits.

[14] [10]
Dindgire SL et al and Palaskar S et al concluded 

that PAP stain shows better results than MGG in 

evaluating the MN because it will be very difficult to 

evaluate the micronuclei in MGG stained slides as 

the cell debris masks the oral cell completely but 

advantage of this stain is cost effective which can be 

used for mass screening procedures. Even though 

we experienced little difficult in evaluating the MN 

in MGG slides compared to Acridine orange, the  

results did not show any significant difference in 

 

staining efficacy.

CONCLUSION:

Carcinogen material in the tobacco smoking causes 

chromosomal damage in epithelial cells and forms 

MN which can be used as biomarker to detect the 

high risk patients. Increased risks of oral cancer are 

mainly due to acute toxic effects and inflammation. 

The obtained data in the present study states that 

both Acridine orange & May-Grunwald Giemsa 

stains can be used for evaluation.
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