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ABSTRACT:

Purpose:

Testing Barr bodies presence has a huge application in multidisciplinary areas of research and
practice. Barr bodies help predict cause of infertility, chance of tumors, cancer, efficiency in findings
transplanted Retinal pigment epithelium and much more. In most criminal investigations and
forensic analysis, establishing the identity of gender is crucial for progressive investigation and
avoiding tampering with evidence. Gender identification can also be performed using basic staining
procedures. The current study aimed to see efficacy of sex determination using cytological
assessment of Barr bodies with Saffranine for the first time.

Methods: A total of 60 Buccal samples (30 females) from healthy individuals were collected. Each
sample is built into two smears (n=120). One set of smears stained with Saffranine and another with
Methylene blue. Stained smears are visualized under 40X mag using binocular compound
microscope immediately and graded sample on the basis of details seen.

Results:

Staining scores by Saffranine is higher among both the genders. Mann-Whitney U test has concluded
that Saffranine has a better staining performance with (U = 31.0) (Overall Md =5) and P < 0.001 than
Methylene Blue stain among females with (U =51.0) (Overall Md =3) and P < 0.001. Correspondingly,
the sensitivity and specificity for sex estimation using Safranine are 100% and 93.3%, respectively,
whereas sensitivity and specificity using Methylene blue are 93.3% and 93.3%.

Overall, it is conspicuous that Saffranine has superior staining performance and, thereby, sex
estimation efficacy than Methylene blue.

Conclusion:

Barr body visualization have a significant application in multidisciplinary research domains. Basic
staining procedures are reliable, fast, accurate and cost effective in determining the sex of an
individual. Overall, Saffranine stain have higher efficacy compared to Methylene blue in sex
determination.
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Background

Testing Barr bodies presence has a huge
application in multidisciplinary areas of
research and practice. In females, X
chromosomes become inactivated and form
Barr bodies. This process of inactivation is
known as Lyonization. Barr bodies are seen as
spherical, triangular, plano-convex, biconvex,
and seen at the periphery of the nucleus in
every somatic cell. The size of Barr bodies
bearing 0.8 X 1.1 microns can be seen easily
using a microscope [1]. In an attempt to
morphologically distinguish male and female
neurons and the behaviour of nucleolar
satellites, Murray L Bar and Ewart G Bertam
have identified Barr Bodies as a nucleolar
satellite in male and female cat neurons.
According to them, 30-40% of female cells bear
Barr bodies and travel away from the nucleus
during intense ribosome nucleoprotein
synthesis [2].

Barr bodies help predict the cause of infertility,
the chance of tumours, and much more. Barr
bodies can be obtained from buccal smears,
hair follicles, and odonatological samples and
are crucial tools in forensic research and
investigation [3]. Barr body testing is also
efficient in identifying transplanted porcine
Retinal pigment epithelium (RPE) in the
opposite gender [4]. Cancer detection in the
uterine cervix is also possible based on the
number of Barr bodies detected. The incidence
of double Barr bodies is higher among
carcinoma and carcinoma in situ conditions [5].
Sex determination to eliminate the
controversy that has arrived in Olympics since
Hitler's time in 1936 regarding gender and sex
determination has been made compulsory by
Nude parades and Gynaecological tests earlier.
This has been replaced with Barr body testing
since 1968 in the Olympics [6]. In most criminal
investigations and forensic analysis,
establishing the identity of gender is crucial for
progressive  investigation and avoiding
tampering with evidence.

Sex can be determined either by morphological
analysis or molecular analysis. The
morphological analysis includes hard or soft
tissue analysis, which involves the tooth
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dimension or reconstruction of post-mortem
dental profiles [7], morphological traits of the
skull and chelioscopy, and Rugoscopy of soft
tissue analysis. The molecular analysis includes
— DNA extraction from dental pulp, cartilage,
hair, skin, and presences of Barr bodies, F-
bodies, and SRY genes [8]. Along with the Barr
bodies, Davidson bodies are helpful in finding
the gender of an individual; it is seen on
neutrophils resembling drumsticks [9]. The
presence of the Barr body makes relatively
smaller nuclear size in females due to its
condensed form [10]. Sex determination can
be made easy using a basic compound
microscope and the Nissl method of staining
with cresyl violet and thionin stains [2].

Instead of using PCR and fluorescent assays,
sex estimation through Barr body detection
can be performed through basic staining
procedures, which are relatively less costly and
time-effective. So far, studies have been
performed on dental, buccal, amniotic fluid
and blood, skin, epithelial cells of urinary
residues, vaginal cells, and nail samples with a
wide variety of stains. To visualize Barr Bodie's
presence, any dye that can stain negatively
charged particles, i.e., DNA, is used to date.
The majority of the studies have been
performed using stains such as Papanicolaou,
Arcidine orange, carbol fuchsin, haematoxylin
and eosin, diamond fuschin, May-Griinwald
Giemsa (MGG), Methylene blue, Aceto-orcein
in Barr body detection and sex determination.

Aims and Objectives:

Neither the studies have used saffranine in
Barr body detection. Saffranine is a positive
stain that can easily stain DNA, and it is readily
available in any biochemical laboratory. Using
Saffranine in Barr body detection is cost-
effective and will have potent to save time. The
current aim of the study is to assess the sex
estimation efficacy of Saffranine through
cytological assessment of Barr bodies and
compare the efficacy of Saffranine and
Methylene blue stains in detecting Barr bodies.
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Experimental section:

This is a prospective cross-sectional study
design. A total of 60 healthy individuals (30
males and 30 females) were considered
samples based on a simple random sampling
technique. Preprocedural rinsing is performed
by asking all the subjects to rinse their mouth
with distilled water to prevent contamination
with already taken consumables and avoid
mucus or debris in the sample. Any subject
having oral infections, ulcers, or diagnosed to
have any other systemic conditions or social
history of smoking or tobacco chewing has
been excluded from the study. This study is
performed in accordance with the declaration
of Helsinki and has taken informed consent
from each participant.

The buccal scrapes were collected with a
sterile wooden toothpick, and the scrapings
were suspended onto the sterile and dry
microscopic slide. Each sample is organized
into 2 smears, one is treated with safranin, and
another smear is treated with methylene blue.
The excess stains were blotted out with a
Whatman filter paper and allowed the slides to
air dry. The slides are observed under 40X
maghnification of the Binocular compound
microscope. All the samples were blindfolded
and analyzed for cytological assessment
without knowing the predetermined gender of
the sample collected.

The following strategy is used to grade the
presence of Barr bodies:

a) No stain/absence of staining as 0

b) Buccal cell is stained properly but nucleus
not seenas 1

c) Cell Stained properly, but Barr body is not
seen as 2

d) Showing shrunken cells along with the
presence of Barr body as 3

e) Shows the presence of Barr bodies but
cannot be very distinctly identified as 4

f) Shows the distinct presence of Barr bodies
(i.e., seen in more than 8 cells on the slide)
as 5.

Samples graded between 3 to 5 scores and

with> 2 Barr bodies were recorded as female.
On the other hand, samples with < 2 are
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considered males [11, 12].

Cytological

estimation of sex was then compared with the
known sex of subjects.

Statistical analysis:
Data were summarized into frequencies and

proportions

using descriptive  statistics.

According to the Kolmogorov-Smirnov test,
neither the Saffranine nor methylene blue
staining scores were normally distributed.
Thus, non-parametric tests were used for
further analysis; the Mann-Whitney test was
applied to compare two groups, and sensitivity
and specificity for both staining procedures
were calculated. Results were considered
statistically significant when P-value was <
0.05. Statistical analyses were performed using
the Statistical Program for Social sciences (IBM
SPSS Statistics 22 Version).

Results:

A total of n=60 buccal samples were collected, 6021
and two smears were constructed from each
sample. Of 120 smears prepared, 60 (30 male

and 30 female) were stained with Saffranine

and another 60 with methylene blue (see

graph 1).
80
60
30 30
40 Female
20 m Male

Saffranine  Methylen

Blue

Figure 1: Bar graph describing the sample
distribution across stains and gender.

Barr bodies appear as darkly stained and lying
intact at the periphery of nuclear membrane.
(See figure 2 & 3)
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Figure 2: Buccal cell stained with Saffranine
showing positive for presence of Barr body
indicated by arrow mark

Figure 3: Buccal cell stained with Methylene
Blue showing positive for presence of Barr
body indicated by arrow mark

Among females, 96.7% of them stained with
saffranine showed well distinct Barr bodies
seen in more than 8 cells and a tiny percent,
i.e.,, 3.3%, showed indistinct Barr bodies
presence. (See figure 4)

Indistinct Barr bodies
seenin n =1 (3.3%)

Barr bodies
seen in more

than8cells
n=29
(96.7%)

Figure 4: Staining score frequency using
Saffranine in females

When the same female smears were stained
with methylene blue, 63.3% of smears showed
indistinct Barr bodies, and nearly one-third of
them showed distinct Barr bodies in more than
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8 cells. A tiny proportion (6.7%) have shown
negative for Barr bodies. (See figure 5)

Barr body is
not seen in n
=2(6.7%)

Barr bodies seen
in more than 8
cells n =9 (30%0)

Figure 5: Staining score frequency using
Methylene blue in females

On the other hand, among males, 93.3% of
them stained with saffranine showed an
absence of Barr bodies and 6.7% showed well
distinct Barr bodies seen in more than 8 cells.
(See figure 6)

Barr
(o]o]o [ [T
seen in
more
than 8
cells
n=2.

arr bodies not
seen n =28
(93.3%)
Figure 6: Staining score frequency using
Saffranine in males

When the same male smears were stained
with methylene blue, 93.3% of smears showed
no Barr bodies and indistinct Barr bodies by
6.7%. (See figure 7)
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Indistinct Barr
bodies seen n
=2 (6.7%)

Barr body is
not seen n =28
(93.3%)

Figure 7: Staining score frequency using
Methylene blue in males

Overall, the staining score is different among
the stains, but the judgment of gender is
similar among both the stains. The staining
score is higher among females (Median =5)
(from hereafter median called as Md) when
the smears are stained with Saffranine with
IQR (Inter Quartile Range) (5-5). On the other
hand, the staining score is (Md =4) among the
same sample when stained with Methylene
blue with IQR (5-4). The staining scores among
males are similar to both stains. (See table 1)

Table 1. Saffranine and Methylene Blue
staining scores.

Saffranine Methylene
Blue

Female Male Female Male
Median
staining 5 2 4 2
score
Inter
Quartile

5-5 2-2 5-4 2-2

Range
(Q3-Q1)

Our Mann-Whitney U test has concluded that
Saffranine has a better staining performance
with (U = 31.0) (Overall Md =5) and P < 0.001
than Methylene Blue stain among females with
(U = 51.0) (Overall Md =3) and P < 0.001.
Correspondingly, the sensitivity and specificity
for sex estimation using Safranine are 100%
and 93.3%, respectively, whereas sensitivity
and specificity using Methylene blue are 93.3%
and 93.3%. Overall, it is conspicuous that
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Saffranine has superior staining performance
and, thereby, sex estimation efficacy than
Methylene blue.

Discussion:

Barr bodies show a highly specific intranuclear
distribution, dividing preferably in a plane
parallel to cell growth [13]. The number of Barr
bodies depends on the degree of ploidy of the
cells and not just on the number of X
chromosomes. In diploid cells, one Barr body
will be seen, and in triploid cells, the number
of Barr bodies could be one or more than
one.[14] The number of arm folds of the X
chromosome increases during condensation of
Barr Bodies [15]. Structural changes are seen
during Barr body formation, leading the
telomere closer to the nuclear membrane [16].
Bipartite Barr bodies are seen in both Xqg
isochromosome and isodicentric
chromosomes. The Barr body formation is
studied earlier using a fluorescence
microscope and heterochromatin markers
[17]. Barr body recognition is also made using
ultrastructure studies on the Xi chromosome
[18]. Barr bodies have surface antigens that
might be engaged in X chromosome
inactivation [19]. The antibodies against these
surface antigens are used in identifying the
molecular basis of X chromosome inactivation
[20].

Barr body testing has a diagnostic value in
infertility. 17% of patients (out of 68 patients)
in a study have shown abnormal sex chromatin
associated with primary amenorrhea and a
higher incidence of Turner syndrome [21]. X-
linked diseases, neoplastic diseases, recurrent
pregnancy loss, and trisomy risks are
associated with non-random X-chromosome
inactivation (XClI). Skewing of XCI is seen
predominantly among XCl after 30 years of age
which is possible due to hematopoietic stem
cell senescence or loss of methylation leading
to reactivation of X-chromosomes, especially
in tumor cells [22]. A decrease in the number
of Barr bodies is associated with aortic
dissection in Turner's syndrome leading to
death in a 24-year-old female. There were no
specific symptoms except for fainting and
cervicodynia 1 day before the death. The post-
mortem report revealed the hemopericardium
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was caused by a rupture of ascending aorta by
thoracic aortic dissection, and weakness was
due to medial cystic necrosis of the aorta.
Internal examinations have revealed funicular
ovaries and coarctation of the aorta. A possible
(45, X/46XX) was suspected [23]. The genotoxic
effects of pesticide usage can also be
determined using cytological assessment of
Barr bodies [24].

Accurate computing of Barr bodies in females
and y bodies in males can be made quick, easy,
and efficient using atebrin-stained hair roots
under a fluorescent microscope. Both Barr
bodies and Y bodies can be seen
simultaneously in Klinefelter's patients [25]
Although sophisticated and highly specific
procedures are available to study DNA and Barr
bodies' ultrastructure, we have used basic
staining procedures for easy cytological
assessment of Barr bodies and gender
determination.

In a study, diagnostic performance for gender
determination is assessed through observing
Barr bodies and F bodies from dental pulp
tissues. It was noted that gender
determination from pulpal tissue is feasible for
up to 7 weeks. The percentage of Barr bodies
and F bodies gradually decreases with an
increase in the time interval [26]. In the current
study, immediate cytological assessment is
performed by examining samples immediately
with no incubation.

The DNA-drawn content will vary depending
on the procedure used for harvesting the
sample. liquid saliva contains 1000 — 10,000
ng/ml, Oral swabs contain 100 — 1500 ng/swab
whereas urine contains 1-20 ng/ml [27]. In a
comparison between methods of DNA
collection, sample collection through cytology
brushes proved to give more qualitative and
guantitative results for the DNA Analysis [28].
In a study to assess reliability in using buccal
samples, Buccal Barr bodies for sex
determination showed 24% and 84%
sensitivity and specificity, respectively, with
54% accuracy while using PAP stain [29]. The
current study used buccal scrapings using
sterile wooden toothpicks, which are ample
enough to visualize Barr bodies.

Close to 2 male samples have shown the
presence of Barr bodies using either stain. In a
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similar study, 1.14% of buccal mucosal cells in
males and 39.29% of buccal mucosal cells in
females visualized Barr bodies' presence when
stained with Papanicolaou's (PAP) [30]. Barr
bodies are usually seen in females. However,
few males will have extra X chromosomes. It is
also known that multiple X syndromes have
been associated with defective genes causing
psychopathic disorders. 60% of the samples
collected from jail inmates (males) have tested
positive for bar bodies [31].

The assessors were blindfolded, i.e., they were
not aware of gender in reality for given
collected samples. This procedure is followed
in our study to remove the anticipation of Barr
bodies presence for a sample, thereby
reducing the chance of bias error.

In a comparative study between Aceto-orcein
(AO) and Papanicolaou's inefficacy of sex
determination using Barr bodies, the Range of
Barr bodies seen by Aceto-orcein is higher
among both the genders. The sensitivity and
specificity for Aceto-orcein are 98.3% and 95%
for PAP [32]. In another similar comparative
study, Aceto-orcein showed higher staining
accuracy and less staining time [33].

In another comparative study between
Acridine orange and Papanicolaou's stain in sex
determination using Barr bodies in buccal
smears, the range of Barr bodies seen in both
genders is higher using Acridine orange. The
overall sensitivity of Acridine Orange is 97.9%,
and the PAP stain with 98% [34]. In a similar
study to determine sex determination from
Barr bodies using Giemsa stain and methylene
blue, Giemsa stain showed 98% accurate result
compared to 94% by methylene blue among
buccal samples [35].

A comparative study is performed to assess the
accuracy and efficacy of sex determination
among stains that are simple to use and
provide strong contrast. Among females'
positivity to Barr bodies is 64% stained by
Acridine orange, 46.14% by Papanicolaou's
stain, and Carbol fuchsin with 8.68% [36].
Using Giemsa stain, buccal epithelial cells
showed 20-50% positivity with a mean of 40.14
% + 6.59 % among 12 to 60 years females [9].
Papanicolaou stain seemed to be better with
less time in 45.14% of cases detected with Barr
bodies compared to 8.68% using Carbol
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Fuschanin stain [37]. Pap stain is relatively
easier and faster to process Barr body
visualization, especially in field studies with
clear cellular demarcated boundaries
compared to May-Grinwald Giemsa (MGG)
stain  [38]. However, compared to
haematoxylin and eosin (H & E) and PAP stains,
samples exposed to 200°C and younger age
have clear visibility using H and E than PAP [39].
In a similar comparative study for sex
determination between Alkaline methylene
blue and H& E stain, 88% of accuracy is seen
through Alkaline Methylene blue and 80%
through H & E stain [40].

Correspondingly, our study used Saffranine
stain in sex determination for the first time and
has shown better staining scores among both
genders. Our study showed sex estimation
efficacy of 100% and 93.3% sensitivity and
specificity, respectively, using buccal samples
through Saffranine stain and 93.3% sensitivity
and specificity using methylene blue.
Conclusion:

Visualising Barr bodies have a significant
application in multifaceted research domains.
Basic staining procedures can be employed in
determining the sex of an individual, which are
reliable, fast, accurate, and cost-effective. It is
established that Saffranine can be used in
gender determination with higher efficacy
compared to Methylene blue using buccal
samples.
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