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ABSTRACT
Diabetes mellitus is one of the most common metabolic disorders. It affects
millions of people worldwide. Diabetes causes include cardiovascular

disease, stroke, chronic kidney failure, foot ulcers, and damage to the eyes. The
study was undertaken to compare the frequencies of nuclear abnormalities in
buccal cells between diabetic and non-diabetic individuals. 20 diabetic and 20
non-diabetic individuals of both sexes participated in this parallel, randomized,
intervention trial. Cytogenetic damage in buccal cells was assessed by using the
buccal cytome (Bcyt) assay. It was observed that micronucleus (MN) frequency
was significantly higher in participants with diabetes (8.62 + 0.52) compared with
non-diabetic individuals (0.36+0.14). Significant increase was observed in other
nuclear abnormalities e.g., binucleated cells (5.60+0.72) and cells with nuclear bud
(6.40 £ 0.59) in diabetic individuals in comparison to non-diabetic participants
binucleated cells (0.46 £ 0.18), nuclear buds (0.29 £ 0.12). When we compared all
the three parameters of Bcyt assay among diabetic and non-diabetic individuals,
statistically significant (P<0.001) were observed.

Keywords: Diabetes mellitus, micronuclei, binucleated cell, nuclear bud, buccal
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Introduction

Diabetes mellitus is one of the most common chronic
endocrine metabolic disorders and a growing health
care problem worldwide (Jajarm et al., 2008; Mullner
et al.,, 2013). In India with more than 62 million
diabetic individuals currently diagnosed with the
disease (Kaveeshwar et al., 2014; Prasad et al., 2010).
According to the predictions of Wild et al
Kaveeshwar et al, 2014; Wild et al., 2004, the
prevalence of diabetes will double globally from 171
million in 2000 to 366 million in 2030 with a India
noticing the highest increase.

Diabetes mellitus is basically characterized by
absolute or relative insulin deficiency leading to
chronic hyperglycemia, associated with disturbances
in the metabolism of carbohydrates, proteins and
lipids (Prasad et al., 2010). Diabetes is due to either
the pancreas not producing enough insulin or the
cells of the body not responding properly to the
insulin produced. Accordingly, it may be classified
into two broad types; diabetes mellitus type 1, also
known as ‘insulin dependent diabetes mellitus’
(IDDM) is a form of diabetes mellitus resulting from

the autoimmune destruction of the insulin-
producing beta cellsin the pancreas and diabetes
mellitus type2, also known as ‘non-insulin-
dependent diabetes mellitus’ (NIDDM) refers to the
form of diabetes mellitus in caused due to insulin
resistance and relative lack of insulin. Type 2 diabetes
primarily caused due to obesity claims about 90% of
cases of diabetes, with the other 10% due primarily to
diabetes mellitus type 1 and gestational diabetes.

Besides damaging the kidneys, eyes, nerves, blood
vessels, and heart, long standing hyperglycemia can
also be associated with buccal alterations such as
periodontal disease and many other alterations that
can appear before and sometimes predispose to
periodontal disease, like impaired function of the
salivary glands that lead to a reduction of salivary
flow and changes in saliva’s composition, taste
alterations, burning mouth, greater tendency to
buccal infections, delayed healing process, decays,
coated tongue and halitosis (Negrato ef al., 2010).

The general symptoms of diabetes being so harmless
many a times go undiagnosed. Some common
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symptoms include frequent urination, excessive
thirst and hunger, unusual weight loss, increased
fatigue and blurry vision. Currently, diabetes is
diagnosed by evaluating the blood glucose levels. The
most common diagnostic tests for diabetes being
either a random blood sugar estimation or analysis of
fasting/post-prandial blood sugar levels. However,
monitoring of glycosylated hemoglobin (GHb) levels
has become much common recently which gives an
accurate and objective measure of glycemic control
over the past 3 months without being affected by
factors like diet and medications. Hence, GHb
estimation is preferred by many to monitor diabetic
patients (Prasad et al., 2010).

Hyperglycemia the major abnormality associated
with diabetes mellitus can be very often associated
with several oral complications. Tissue repair
mechanism is damaged and a malfunctioning of the
oral mucosa may be due to the alterations in salivary
flow (Jajarm et al., 2008; Chavez et al, 2001;
Andreassi et al., 2011; Negrato et al., 2010) and its
constituents, nutritional changes and weakened
immune defenses leading to changes in the microbial
oral flora that might result in a greater chance of
infections (Jajarm et al, 2008; Little et al., 2002;
Southerland et al., 2005). These might be the
contributing factor behind the cases of an enhanced
number of dental caries, gingivitis and periodontitis,
periapical abscess, parotid enlargement, and burning
mouth syndrome in diabetics. It has been shown that
diabetes may also cause various changes in the cells
of the oral mucosa (Thomas et al., 2009), which can
be determined by exfoliative cytology which is a
straight forward and non-invasive diagnostic method
(Prasad et al., 2010; Alberti et al., 2003, Jajarm et al.,
2008; Sugerman et al., 1996).

The buccal micronucleus cytome assay is a non-
invasive method for studying DNA damage,
death and the
regenerative potential of buccal mucosal tissue, and

chromosomal instability, cell
is widely used in bimonitoring studies (Thomas et
al., 2009). The major advantage of micronucleus test
over other techniques are that it can be applied to
interphase cells and doesn’t required cell culture or
the preparation of metaphase cells. Micronucleus test
is cross effective and also time saving.

Micronuclei are small chromatin bodies that appear
in the cytoplasm by the condensation of acentric
chromosome fragments or by whole chromosome,
lagging behind the cell division. Micronucleus assay
in buccal epithelial cell has shown to be a sensitive
method for monitoring genetic damage in human
population (Majer et al., 2001). Exfoliated epithelial
cells have traditionally been used for cancer
screening and bimonitorig of genotoxic effects in
human (Guzman et al., 2003).

In the light of the above discussion, the proposed
study was undertaken with the objective to study
micronuclei as a potential biomarker to trace
genomic damage in diabetic patients and to come up
with a diagnostic tool of simplified nature that could
help us in detecting diabetes.

METHODS

Study area and sample population:

The study was approved by the Institutional Ethics
Committee of Assam University, Silchar. Samples of
buccal cells were collected from both patients
suffering from diabetes mellitus and normal healthy
individuals, the latter serving as control. The study
thus considered was in and around Silchar, Assam,
India. The present study was performed on twenty
patients previously diagnosed to be suffering from
diabetes mellitus and twenty non-diabetic healthy
individuals with the least risk of developing the
disease. A questionnaire was designed that the test
individuals had to complete, including age, race, sex
and relevant medical history. Individuals who
smoked, were alcoholic or had anemia or malignancy
were excluded from the study as such conditions may
affect cellular shape and morphology.

Test chemicals:

For the present study, we used 0.9% NaCl solution
for buccal cell washing, methanol and acetic acid
(3:1) for fixing, Leishman stain for staining and
distilled water for various dilutions.

Buccal cytome (BCyt) assay:

Buccal cytome assay was performed by following the
method of Thomas et al, 2009. Buccal cells were
collected from the buccal mucosa using pre-
moistened cotton swab by rotating in a circular
motion against the cheeks. The cells were then
collected in microcentrifuge tubes containing 0.9%
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NaCl solution which were then subjected to
centrifugation at 2000 rpm for 10 minutes. The
supernatant was then discarded carefully without
disturbing the cell pellet that by then appears at the
bottom of the tube. It was followed by another
session of centrifugation at 2000 rpm for 10 minutes
and subsequent decantation. The cell solution was
then again centrifuged at 1000 rpm for 5 minutes and
the supernatant was discarded. The content of the
tubes were then agitated using a disposable syringe
and smears were prepared using the contents of the
tube. Once the slides dried, they were treated with a
3:1 solution of methanol and glacial acetic acid was
used as a fixative. The slides were again dried and
then stained with 10 drops of Leishman stain for 10
minutes. After a thorough wash in distilled water and
subsequent drying, the slides were analysed for
cytomorphometric defects under a light compound
microscope.

Scoring criteria for buccal cytome assay:

The exfoliated buccal cells were scored as per
Thomas et al., 2007. Bcyt assay were determined
based on criteria outlined by Tolbert et al., 1991. In
each slide, 1000 clearly defined cells with distinct
staining were selected manually in a random fashion
from different fields, and in order to avoid
measuring and counting the same slide twice, the
slide is moved in an orderly manner from left to right
and then down and across in a stepwise manner on
the stage. We scored normal differentiated cells,
micronucleated cells, binucleated cells and nuclear
buds in our study by using a light-microscope (Leica
DMLS) at 1000 magnification.

The different types of cells thus observed under the
microscope includes-

Normal differentiated cells: Normal differentiated
cells have a uniformly stained nucleus, which is oval
or round in shape. They are distinguished from basal
cells by their larger size and by a smaller nucleus-to-
cytoplasm ratio. No other DNA
structures apart from the nucleus are observed in

containing

these cells. These cells are considered to be
terminally differentiated relative to basal cells, as no
mitotic cells are observed in this population.

Cells with micronuclei: Cells with micronuclei are
characterized by the presence of both a main nucleus
and one or more smaller nuclear structures called

micronuclei (MNi).The micronuclei are round or
oval in shape and their diameter should range
between 1/3 and 1/16 of the main nucleus. MNi have
the same staining intensity and texture as the main
nucleus. Most cells with MNi will contain only one
MN but it is possible to find cells with two or more
MNi. Cells with multiple MNi are rare in healthy
subjects but become more common in individuals
exposed to radiation or other genotoxic agents. The
nuclei in micronucleated cells have the morphology
of nuclei in normal cells. The MNi must be located
within the cytoplasm of the cells. The presence of
MNi is
fragmentation occurring during earlier nuclear

indicative of chromosome loss or

division.
Binucleated cells: Binucleated cells are cells
containing two main nuclei instead of one. The
nuclei are usually very close and may touch each
other and usually have the same morphology as that
observed in normal cells. The significance of these
cells is unknown, but they are probably indicative of
failed cytokinesis.

Cells with nuclear buds: Cells with nuclear buds
contain nuclei with an apparent sharp constriction at
one end of the nucleus suggestive of a budding
process, i.e., elimination of nuclear material by
budding. In the original Tolbert et al. these were
referred to as ‘broken egg’ cells. The nuclear bud and
the nucleus are usually in very close proximity and
appear to be attached to each other. The nuclear bud
has the same morphology and staining properties as
the nucleus; however, its diameter may range from a
half to a quarter of that of the main nucleus. The
mechanism leading to nuclear bud formation is not
known but it may be related to the elimination of
amplified DNA or DNA repair.

Statistical analysis:

All the data were expressed as the mean + standard
error. Student’s t test was used to determine the
significance of the cellular parameters using Graph
pad Prism software. The level of significance was
taken as P < 0.001.

RESULTS

Analysis of exfoliated buccal cells of control and
diabetic patients by buccal cytome assay: Buccal
cytome assay (Thomas et al., 2007) was used for
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biomarker evaluation to assess the extent of
cytological damage in diabetic patients and
compared with control individuals. 40 participants
irrespective of age, gender and profession were
included in the study. Individuals were divided into
two groups on the basis of diabetic and non-diabetic
patients (Table 1).

Demographic characteristics of the participant
population such as name, address, age, family
income, religion, occupation, number of family
members, body weight, education and details about
the chewing habit was recorded as per the
questionnaire including various parameters and
Body mass index, information about oral health and

other information’s were recorded.
Table 1: Characteristics of the study groups.

Table 2: Incidence of micronucleated cells, binucleated cells and
nuclear buds in buccal epithelial cells of two groups.

Study Total % % % Nuclear
group Samples Micronucleated | Binucleated | buds
(n) cells cells (Mean+SE)
(Mean+SE) (Mean+SE)
Group I 20 0.36 +0.14 0.46+0.18 0.29+0.12
GroupII | 20 8.62 £0.52% 5.60£0.72* | 6.40£0.59*

Total
Diabetic/Non-
Groups 1a _e 1 R on Male Female Samples
Diabetic
(n)
Group . .
I Non-Diabetic 10 10 20
G
rﬁuP Diabetic 10 10 20

The cytome assay parameters studied are as
follows:

Micronucleus (MN):

Table 2 indicates the MN frequency for the studied
group. The percentage of MN cells for Group II was
8.62 when compared to Group 1 0.36 and found to be
statistically significant when compared with control
(P<0.001).

Nuclear Bud (NBUD):

Table 2 describes the incidence of cells with NBUD
among different groups. A statistically significant
increase in incidence of cells with NBUD was
observed when compared between Group II and
Group I (P<0.001), indicating genotoxic effects of
chewing tobacco.

Binucleated Cells (BN):

The BN cell frequency for each study group is
presented in Table 2. Group II (5.60 + 0.72) show
statistically significant higher incidence of BN when
compared to control Group L.

*Each value indicates Mean * SE. Statistical analysis: One-way
ANOVA.
Values are significantly different from control: "P < 0.001.

DISCUSSION

The buccal epithelial cells have been considered to be
more sensitive than lymphocytes to any genotoxic
agents and they can be collected (Salama and
1999).
biomarkers and used widely for biomonitoring study

Serrana, Micronuclei are the potential
of genotoxic effects in humans (Guzman et al., 2003).
The results of this study show that levels of buccal
MN in diabetic individuals are approximately 2-fold
higher than in non-diabetic participants. MN in
exfoliated buccal cells are a novel and non-invasive
biomarker of genomic stability, formed during
mitosis in the basal cell layer of the epithelium and
represent the loss of chromosome fragments or a
whole chromosome that failed to be incorporated in
the main nuclei (Thomas et al., 2009). Genomic
instability is a hallmark of tumourigenesis (Shen,
2011); in addition, cancer patients show increased
levels of buccal MN frequency (Burgaz, 2011)
compared with healthy individuals. Therefore, our
results strongly suggest higher genomic instability in
patients with diabetes mellitus compared with non-
diabetic participants, which is consistent with
epidemiological data indicating increased cancer risk
in individuals with type 2 diabetes (Vigneri, 2009).
Insulin resistance is among other factors a link
between abdominal obesity and hyperglycaemia.
High glucose levels may contribute to decreased
genomic stability via increased cell proliferation,
enhancing the risk of genetic errors and the
possibility of cancer development (Natarajan, 1992).
Glucose is also used as an energy substrate in tumour
cells and might thereby have a direct tumour
promoting effect (Polet, 2013).
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Biomarkers serve as indicators of environmental or
occupational exposures and have the potential for
prevention of effects of carcinogen exposure by early
detection (Smith et al., 1993). Genotoxic potential of
Sadagura, a form of smokeless tobacco preparation
practiced in the region southern assam was
confirmed by the method of buccal cytome assay
(Kausar et al., 2009).

In conclusion, the results of this study provide
important novel information regarding associations
between waist circumference, glucose metabolism
and genomic damage. The mentioned associations
with MN frequency were observed in a population of
diabetic and non-diabetic individuals. Human buccal
mucosa is composed of progenitor and maturing cell
populations (Ten Cate et al., 1998). Exfoliated cells of
buccal mucosa are good indicators of chromosomal
damage and other nuclear abnormalities such as
binucleates, karyorrhexis and karyolysis (Tolbert et
al., 1992).Further studies are required to determine
the extent of genetic damage in diabetic patients and
the mechanism behind the genetic damage.
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