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Determination of sex by exfoliative cytology 
using acridine orange confocal microscopy: 
A short study

Introduction

Establishing individuality is an imperative aspect in any 
investigating procedure. There are numerous ways to 

do so in human beings (either alive or dead) when a human 
body is in its entirety but very few when only part(s) is 
available. Often, determination of the sex of an individual 
becomes important in situations like: for the purpose of 
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Abstract

Context: Establishing individuality is an imperative aspect in any investigation procedure. 
Sometimes, in identifying an individual, it becomes necessary to determine the sex of 
that particular individual. Combining rapidity with reliability, an innovative idea has been 
put forward using a confocal microscope in exfoliative cytology. In the present study, we 
have determined the sex of the individual from buccal mucosal scrapings. The exfoliative 
cells were observed for Barr bodies under a confocal microscope, and the percentage 
of Barr-body-positive cells was determined. Aims: The main objective of this study is to 
assess confocal microscopy for the determination of sex by observing Barr bodies in the 
exfoliative cells of both men and women. Settings and Design: Samples of buccal mucosa 
smears were made followed by acridine orange staining. The stained slides were observed 
under a confocal microscope and the data obtained was subjected for statistical analysis, 
especially for mean and standard deviation. Materials and Methods: Samples of buccal 
mucosa smears from 20 men and 20 women were obtained by scraping with flat wooden 
sticks (exfoliative cytology). The smears were fixed in 100% alcohol for 15 min, followed by 
acridine orange (AO) staining as described by Von Bertalanffy et al. Smears stained with 
AO were examined under a confocal microscope and the percentage of Barr-body-positive 
cells was determined. Statistical Analysis Used: Data obtained was subjected for statistical 
analysis, especially for mean and standard deviation. Results: Two non-overlapping ranges 
for the percentage of Barr-body-positive cells have been obtained for men and women. It 
was observed that in the male samples, the percentage of Barr-body-positive cells ranged 
from 0-3%. In the female samples, the percentage of Barr-body-positive cells ranged from 
18-72%, and all the females showed the presence of Barr bodies. Conclusion: The study 
showed that the presence of Barr body in buccal mucosal cells can be demonstrated 
with a fair degree of accuracy using acridine orange confocal microscopy. The sex of the 
individual can be determined accurately with other advantages offered, such as the rapidity 
of processing and screening a specimen that results in saving of time.
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simple identification in the living, where the individual 
of one sex carries the features of the opposite sex; when a 
person appears to possess the primary sex organs of both 
the sexes; for the purpose of deciding whether an individual 
can exercise certain civil rights reserved for one sex only; 
for deciding questions relating to legitimacy, divorce, 
paternity, affiliation and also to some criminal offences; 
simple identification of dead individuals in an advanced 
state of decay where primary sex organs are lost due to 
decomposition. 

The sex of an individual can be determined by a number 
of ways. Demonstration of nuclear sex plays a vital role 
as far as sexing of the individual is concerned. Nuclear 
sex can be demonstrated by the study of karyotyping, 
fluorescent body (Y chromatin), polymerase chain reaction, 
Davidson body in the polymorphonuclear leukocytes, and 
Barr bodies (X chromatin).[1] The study of Barr bodies is 
advantageous in that it can be studied with simple staining 
techniques. The easily available material for Barr body 
studies is the buccal mucosa which can be obtained by 
performing simple exfoliative cytology without inflicting 
trauma on the subject.[2,3] Moore and Barr (1955) were the 
first scientists to introduce the buccal smear technique to 
identify sex.[4] The main aim and objective of the present 
study is to assess confocal microscopy for the detection 
of Barr-body-positive cells, thereby determining the sex 
which can be helpful in establishing the identity of an 
individual.

Materials and Methods

The present study has been reviewed by the institutional 
ethical committee and has therefore been performed 
in accordance with the ethical standards laid down in 
the 1965 Declaration of Helsinki. A total of 20 men and 
20 women were selected randomly for the study after 
obtaining informed consent. Samples of buccal mucosa 
smears from 20 men and 20 women were obtained by 
scraping with flat wooden sticks (exfoliative cytology). 
The smears were fixed in 100% alcohol for 15 min, 
followed by acridine orange (AO) staining as described 
by Von Bertalanffy et al. The technique used for AO 
staining was as follows: the fixed smears were passed 
through descending grades of alcohol; then rinsed for a 
few seconds in 1% acetic acid and washed in two changes 
of distilled water for about 1 min; followed by staining 
in 0.01% AO for 3 min, de-staining in the phosphate 
buffer solution for 1 min; differentiated in 0.1M calcium 
chloride solution for 30 sec to 1 min (the nuclei should be 
clearly outlined). Excess calcium chloride was removed 
by washing with phosphate buffer solution and mounting 
was done with cover slip using a drop of phosphate buffer 
solution.[5] Smears stained with AO were examined under 
a confocal microscope.

The apparatus used in our study was Zeiss 510 LSM module 
Laser Scanning Confocal Microscope. The absorption range 
was 488 nm, blue, and the emission range was 505 nm, 
green. Smears stained with AO were screened using X10 and 
X20 objectives. Morphological detail of the exfoliative cells 
was studied with X40 objective and the microphotographs 
were taken.

One hundred cells were observed in each slide. Out of 
these 100 cells, the total number of Barr-body-positive 
cells (cells which showed the presence of a Barr body) 
was counted. As 100 cells were observed, this number 
became the percentage of Barr-body-positive cells. From 
the collected data the mean and standard deviation were 
determined. 

Results

In the present study, acridine orange confocal microscopy 
showed the following results from the buccal smears of men 
and women. In the male samples, the percentage of Barr-
body-positive cells ranged from 0-3% [Table 1]. Out of the 
20 male samples observed, 18 showed the presence of Barr 
bodies [Figure 1]. Among these, eight had only 1% Barr-
body-positive cells, while 10 had 2-3% Barr-body-positive 
cells. In the remaining two samples no Barr-body-positive 
cells (0%) were observed. None of the male samples had 
more than 3% Barr-body-positive cells. 

In the female samples, the percentage of Barr-body-positive 
cells ranged from 18-72% [Table 1] and all the samples 
showed the presence of Barr bodies [Figure 2]. The majority 
of the samples (12 samples) had a lower percentage of 

Table 1: Detection of Barr-body-positive cells in men and women
Sex Range % Mean Standard deviation
Male 0-3 1.6 0.966
Female 18-72 47.1 18.929

Figure 1: Acridine orange confocal microscopy showing Barr body 
(pointed arrow) in a male buccal smear (X40)
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Barr-body-positive cells (18-50%) and in only a few (eight 
samples) it was greater than 50%. None of the women 
showed less than 18% Barr-body-positive cells. 

Two non-overlapping ranges for the percentage of Barr-
body-positive cells have been obtained for men and women. 

Discussion

Determination of sex helps in criminal investigations for 
identification of the person, which can help in solving many 
cases of assault, theft, and sexual offences, etc. Human 
specimens, such as blood, semen, hair, and saliva stains 
containing buccal mucosal cells, found at the scene of crime 
or on a lethal weapon, are of major help in solving criminal 
cases. In cases of sexual offences, the buccal mucosal cells 
along with saliva stains are found in various parts of the 
body and also at the scene of crime. Saliva stains may be 
present on cigarette butts and also on cups and glasses 
which criminals have used. In train and aircraft accidents 
and also in natural disasters, it becomes difficult to identify 
the bodies. In such instances, buccal smears could help in 
detecting the sex and thereby establishing the identity. 

The buccal smear technique to identify sex was first 
introduced by Moore and Barr in 1955.[4] The buccal smears 
were prepared and observed for the presence of Barr-body-
positive cells which help in the determination of the sex. 
Barr bodies are named after the scientist Murray Barr who 
first described them.[4] Barr bodies are feulgen-positive, 
heteropyknotic, basophilic, intranuclear structures, seen 
in mammalian cells during interphase. Since they are 
nuclear structures and all nuclear structures are known to 
fluoresce, Barr bodies also fluoresce. Most often, they are 
noticed as densely stained condensed chromatin masses 
adjacent to the nuclear membrane. They can be plano-
convex, biconvex, triangular, spherical, or rectangular in 
shape. Sometimes, they resemble the letter V, W, S, or X 

under an electron microscope. They measure about 0.8 to 
1.1 μm in diameter.[2,3] 

Barr bodies are known to arise from inactivation of the 
X chromosome in a female cell. This process of inactivation 
is known as lyonization, the process named after the scientist 
Lyon. In 1961, Lyon outlined the X-inactivation or what is 
commonly known as the Lyon hypothesis. It states that: Only 
one of the X chromosomes is genetically active; the other X of 
either maternal or paternal origin undergoes heteropyknosis 
and is rendered inactive; inactivation of either the maternal or 
paternal X occurs at random among all the cells of the blastocyst 
on or about the 16th day of embryonic life; and inactivation of 
the same X chromosome persists in all the cells derived from 
each precursor cell. Thus, the great preponderance of normal 
women are in reality mosaics and have two populations of 
cells, one with an inactivated maternal X and the other with 
an inactivated paternal X. Herein lies the explanation of why 
women have the same dosage of X-linked active genes as have 
men. The molecular basis of X inactivation is just beginning to 
be understood. It involves a unique gene called Xist, whose 
product is a non-coding RNA that is retained in the nucleus, 
where it “coats” the inactive X chromosome and initiates a 
gene-silencing process by chromatin modification and DNA 
methylation. The Xist allele is turned off in the active X.[6]

Confocal microscope, pioneered by Marvin Minsky in 
1955, performs a point-by-point construction by focusing 
a point of light sequentially across the specimen and then 
collecting some of the returning rays. Currently, the confocal 
microscope is upgraded with a combination of lasers that can 
be coupled to the fiber optics of the scanning unit to increase 
the number of excitation wavelengths. Powerful software that 
displays and analyzes three-dimensional (3-D) data is added, 
making it a useful tool with the capability to quickly provide 
information about the biochemical and morphological details 
of the cells. The most important feature of the confocal 
microscope is the capability of isolating and collecting a plane 
of focus within a sample, thus eliminating the out-of-focus 
“haze” normally seen with a fluorescent sample. Fine detail 
is often obscured by the haze and cannot be detected in a 
non-confocal, fluorescent microscope. In the present study, 
confocal microscopy has been applied to cytology using 
acridine group of stains which is based on the affinity of the 
basic fluorochrome dyes for the nucleic acids.[7-12]

The present study was undertaken in search of a technique 
which combined rapidity with reliability. The results of the 
present study showed that it is possible to identify Barr 
bodies (Barr-body-positive cells) in the buccal mucosa, 
with a fair degree of accuracy, in both men and women by 
acridine orange confocal microscopy. The men in this study 
had 0-3% Barr bodies and women showed 18-72% Barr 
bodies in buccal mucosal cells. Strict criteria of selection 
for typical Barr bodies were taken into account without 
considering any influencing factors on the mean frequency. 

Figure 2: Acridine orange confocal microscopy showing Barr-body-
positive cells (pointed arrows) in a female buccal smear (X40)
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For example, micronuclei were not considered because of 
their presence in the cytoplasm whereas Barr bodies were 
seen in the nucleus adjacent to the nuclear membrane. The 
added advantages of this technique are that high-resolution 
images are obtained, it has the ability to collect serial optical 
sections, and it is a valuable tool for 3-D reconstruction.[7-12]

In the present study, the percentage of Barr bodies in men 
could be compared to other similar studies with different 
staining methods. Manjula Bhai et al. did not report any 
Barr-body-positive cells in men.[13] However, there seemed 
to be a difference in the range and also the mean percent of 
Barr bodies among women in the present study as compared 
to other studies. A few studies reported a higher range and 
mean values,[14] whereas others found lower levels compared 
to the present study.[13] A comparison could not be made with 
some other studies because only the range and not the mean 
was available. While the present study had focused only on 
Indians, this study on Barr bodies had also been researched 
by other authors in different parts of the world. Interestingly, 
in one study done by Mittal et al.,[1] although the value of Barr 
bodies in men and women was different from the present 
study, the range and mean of Barr bodies among Indian men 
and women was comparable to the present study. 

In many forensic cases, sex identification is absolutely 
essential. Considering the fact that the future of an 
individual is based on the reliability of tests such as 
amelogenin sex determination, DXYS156 tests etc,[15,16] we 
also suggest the inclusion of the study of Barr bodies (Barr-
body-positive cells) in saliva for gender identification to 
further strengthen the evidence. 

However, the Barr body test using AO confocal microscopy 
has a few limitations. Males with Klinefelter’s syndrome 
tend to show one Barr body in each of their cells due to XXY 
and females with Turner’s syndrome don’t show any Barr 
body due to XO; in such cases the results may be wrong in 
identifying that particular individual where the test would 
identify the individuals as females for men with Klinefelter’s 
syndrome, and women with Turner’s syndrome would test 
as men.[17] Apart from these, a proper AO staining technique 
is required along with special fluorescent microscope 
equipment to visualize the stained smears. Prior experience is 
required to interpret the smears. Inexperienced technologists 
can misinterpret smears and sometimes may be overly 
sensitive. Last but not the least, the confocal microscope is 
expensive equipment when compared to the fluorescent 
microscope but has its own advantages as mentioned above.

Conclusion

Confocal microscopy was found to be reliable and accurate in 
the identification of Barr-body-positive cells in buccal mucosal 
scrapes. The sex of the individual could easily be identified 
by determining the percentage of Barr-body-positive cells, 

as two non-overlapping ranges for the percentage of Barr-
body-positive cells had been obtained for men and women. 
The advantages offered by this technique are two-fold. 
First, the rapidity of processing and screening a specimen 
results in saving of time, attractive to a rapidly growing 
and increasingly busy department. Second, it adds a certain 
amount of objectivity to the process of establishing the identity 
of an individual. These considerations led to an attempt to 
assess the value of this method in determination of the sex 
that can be helpful in establishing individuality which is an 
imperative aspect in any investigating procedure.
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