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BACKGROUND

Micronuclei (MN) are tiny extranuclear bodies that 
resemble the daughter nucleus but just smaller in 
size. They are induced by defects in the DNA repair 

mechanism, accumulated DNA damages, and chromosomal 
aberrations. MN as a biomarker to assess the effects of 
genotoxicity have been emphasized by several geneticists. 
Various genotoxic agents might induce MN formation which 
is an indicator of initial stages of genomic instability.[1] As 
we are aware of the role of genomic instability in cancer, it is 
of huge significance to understand the role of MN screening 
in predicting and preventing these diseases. Lifestyle factors 
like smoking are known to affect the frequency of MN due 
to its toxins.[2] However, of course, host mechanism sure 
accounts for interindividual differences. We stained the 
samples from smokers (shisha and cigarette) with Feulgen 
and Acridine orange (AO) to screen the MN.

METHODS

Inclusion criteria
The following criteria are included in the study:
•	 Cigarette	 and	 sheesha	 smokers	 exclusively	 or	 in	

combination for more than 5 years and residing in UAE.
•	 Control	 group	 will	 comprise	 non-smokers	 residing	 in	

UAE.

Exclusion criteria
The following criteria are excluded from the study:
•	 Sheesha	and/or	cigarette	smokers	for	<5	years.
•	 Involuntary	participation.

Sample size calculation
A total sample size of 400 was studied. 100 subjects under 
each category were studied: Exclusively sheesha smokers, 
exclusively cigarette smokers, cigarette and sheesha smokers, 
and	non-smokers.

ORIGINAL ARTICLE

A Comparison of Feulgen Stain and Acridine 
Orange to Stain Micronuclei in Shisha Smokers and 
Cigarette Smokers
Prathibha Prasad1, Mohamed Said Hamed1, Prashant Nahar2

1Department of Basic Dental Sciences, College of Dentistry, Gulf Medical University, Ajman, United Arab 
Emirates, 2Department of Oral Medicine, Pacific Dental College, Udaipur, Rajasthan, India

ABSTRACT

Background:	Micronuclei	are	tiny	extra-nuclear	bodies	that	resembles	the	daughter	nucleus	but	just	smaller	in	size.	They	are	
induced by defects in the DNA repair mechanism, accumulated DNA damages and chromosomal aberrations. Micronucleus as 
a biomarker to assess the effects of genotoxicity has been emphasized by several geneticists. Method: After a brief explanation 
of the study, and obtaining a written consent signed from the study participants, a questionnaire was administered to collect data. 
A buccal swab was taken from the subjects. The exfoliated cells were transferred onto 2 glass slides which were immediately 
fixed using a spray fixative. They were stained by DND specific stains to analyze micronuclei. Results: Acridine orange 
appeared to be a much easier and faster way of identifying micronuclei and there was absolutely no confusion with any other 
nuclear abnormality when compared to Feulgen stain.

Key words: Acridine orange stain, feulgen stain, micronuclei

Address for correspondence:	Dr.	Prathibha	Prasad,	Department	of	Basic	Dental	Sciences,	College	of	Dentistry,	Gulf	
Medical	University,	Ajman,	United	Arab	Emirates.	Tel.:	+971	6743133/Phone:	+971	557623466. 
E-mail:	dr.prathibha@gmu.ac.ae

© 2018 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.



Prasad, et al.: Acridine orange stain vs Feulgen stain

2 Journal of CliniCal researCh in Dentistry • Vol 1 • issue 1 •  2018

After a brief explanation of the study, and obtaining a written 
consent signed from the study participants, a questionnaire 
was administered to collect data. A detailed case history was 
taken followed by a clinical examination. A buccal swab was 
taken from the subjects. The exfoliated cells were transferred 
onto two glass slides which were immediately fixed using a 
spray	fixative.	Several	researchers	have	shown	practical	ways	
of collecting the samples in their study. According to them, 
placing smear directly on the slide with two drops of saline 
gives a better spread of cells than washing them. Alcohol is 
proven	 to	 keep	 the	 cells	 intact	 until	 staining	 (Stitch	 et al., 
1992; Burgaz et al., 1999; Lucero et al.,	2000;	and	Cavallo	
et al., 2005) which might or might not depend on the stain 
used. The slide was then fixed using Biofix spray fixative 
and was allowed to dry to stain later.[3] These slides were later 
stained by Feulgen stain and AO to examine the MN.

The MNs assay being a valid and sensitive, yet a very simple 
technique	 was	 adopted	 as	 a	 biomarker	 of	 the	 genotoxicity/
genetic damage. The exfoliated cells of oral mucosa not only 
come in direct contact with the carcinogenic substances in 
the smoke but the systemic effects of the smoke will also be 
surely exhibited by these cells.[4-7]	Slides	stained	by	Feulgen	
stain were observed under compound light microscope for 
MN.	 Slides	 stained	 by	AO	 stain	 were	 examined	 under	 the	
fluorescent microscope which highlights the MN. This was 
done to rule out other secondary nuclear deformities.[8] MN 
either originates from fragments of chromosome or whole 
chromosomes which are not included in the main daughter 
nuclei during nuclear division. Thus, MN assay provides us 
a	measure	of	chromosome	loss	and	chromosome	breakage.	It	
has been documented to be as sensitive as classical metaphase 
chromosomal analysis in serving as an indicator of chromosome 
damage. MN frequency was checked in 1000 cells.[9,10]

RESULTS AND DISCUSSION

The	MNs	assay	was	adopted	as	a	biomarker	of	the	genotoxicity/
genetic	damage.	It	is	a	valid	and	sensitive	technique	yet	very	
simple.	 Studies	 carried	 out	 in	 several	 countries	 (Armenia,	
Georgia,	 Ukraine,	 and	 Russia)	 have	 listed	 the	 rules	 to	 be	
followed for MNs assay listed by Tolbert et al.	Since	there	are	
many interinstitutional discrepancies in the method followed, 
this uniformity will ensure comparisons between the studies 
are valid. Our study followed them:
1. We stained the exfoliated cells collected after the history 

of	exposure	with	two	of	the	DNA-specific	stains	among	
the three given which were Feulgen and acridine range 
to exclude the artifacts and count MN

2.	 Intact	cytoplasm
3.	 Intact	nuclei	with	distinct	and	smooth	perimeter
4.	 MN	must	be	≤1/3	 the	diameter	of	 the	main	nucleus	or	

less, must share the same focal plane and staining with 
similar texture as main nucleus

5. The total number of MN per 1000 cells was counted.[11,12]

MN frequency more than 1–3 per 1000 cells was seen in 
smokers in a healthy population. The exfoliated cells of oral 
mucosa not only come in direct contact with the carcinogenic 
substances in the smoke but also exhibit the features due to 
systemic effects of the smoke. Mean MN in Feulgen was 
highest for sheesha + cigarette group and least for control 
group.	Similarly,	mean	MN	 in	AO	was	highest	 for	 sheesha	
+ cigarette group and least for control group. This difference 
in mean MN in Feulgen and AO was statistically significant. 
With respect to MN in Feulgen [Figure 1], majority of 
subjects in sheesha (57%) and in cigarette group (58%) had 
MN of 4–12, majority in sheesha + cigarette group (71%) had 
MN of >12, and majority in control group had MN of 0–3. 
This observation was statistically significant between four 
groups. With respect to MN in AO, majority of subjects in 
sheesha (59%) and in cigarette group (60%) had MN of 4–12, 
majority in sheesha + cigarette group (51%) had MN of >12, 
and 100% in control group had MN of 0–3 [Figure 2]. This 
observation was statistically significant between four groups. 
This	proves	that	sheesha/hookah/WTS	is	as	dangerous	if	not	

Figure 1: Feulgen stain

Figure 2: Acridine orange stain
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more dangerous than cigarette smoking, and it is exceptionally 
dreadful to have a habit of smoking both cigarette and sheesha.

For staining nuclei, MN, and any nuclear anomalies in 
oral	 exfoliated	 cells,	 DNA-specific	 stains	 are	 preferred.	
Misreading nuclear anomalies such as karyorrhexis, 
karyolysis, condensed chromatin, and binucleates as MN 
are	 higher	 in	 DNA	 non-specific	 stains.	 Studies	 reported	
increased	 false-positive	 results	 with	 Giemsa	 stain	 due	 to	
secondary nuclear abnormalities, keratohyalin granules and 
even	bacteria	can	lead	to	misinterpretation.	We	used	DNA-
specific stains in our study and got good results. There was 
not much difficulty in distinguishing MN and other nuclear 
abnormalities. Ayyad et al.	compared	Giemsa	stain	and	PAP	
stain for analyzing MN in exfoliated oral epithelial cells and 
concluded PAP was a better staining method.[13]

According to Neresyan et al., stains which are not DNA specific 
leads to overestimates. AO which is DNA specific is generally 
used for observations with fluorescence microscopy, thereby 
avoiding errors introduced through counting artifacts (Lucero 
et al., Pastor et al.,	and	Cavallo	et al.,) which were used in 
our study.[11]	We	used	AO	which	is	a	DNA-specific	stain	and	
when observed under fluorescent microscopy, MN appears 
very distinct and fluorescent.[2] This led to the least error in 
counting	MN	when	compared	to	Feulgen	stain.	It	was	also	a	
much faster method to count MN when compared to Feulgen 
stain as there was no way of missing the fluorescent MN, 
and there was absolutely no confusion with any other nuclear 
abnormality. Metgud studied exfoliated buccal mucosal cells 
of	smokers	and	found	that	the	mean	MN	score	with	DNA	non-
specific	stain	(Giemsa)	was	significantly	higher	and	no	such	
difference	 was	 seen	 in	 DNA-specific	 stains	 used	 (AO	 and	
Feulgen) in smokers. They concluded that staining procedures 
and duration of smoking affect the MN count.[14]

CONCLUSION

Our study proves that AO could be the stain of choice for 
counting MN which ensures sensitivity and specificity, 
especially when the protocol has been followed to the T.
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