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Abstract

Objective: To analyze genotoxic and sitotoxic indicators of buccal 
epithelial cells by measuring the number of cells contain micronucleus, 
pycnosis, karyorrhexis, karyolysis and to determine the change in 
oxidative stress of oral mucosa cells using salivary MDA levels between 
smokers and nonsmokers before and after exposure to intraoral 
radiographs during endodontic treatment.
Material and Methods: This research was an analytic observation 
research with cross-sectional design. The sample was divided into 
smokers (n=5) and non-smokers group (n=5). The buccal epithelial 
cells was taken with cytobrush and unstimulated saliva in each 
group were taken by the draining method shortly before intraoral 
radiography, 10±2 days after first day exposure, 10±2 days after 
second day exposure. The cells were stained using Papanicolau (PAP) 
kit and observed by pathologist. Genotoxic and cytotoxic indicator 

measured by counted the number of cells contain mironucleus, 
pyknosis, karyorrhexis and karyolysis under light microscope with 
400X magnification according to the Tolbert criteria in 1000 cells. While 
oxidative stress of cell measured by salivary MDA with Thiobarbitoric 
Acid (TBA) assay.
Results: The number of micronucleus, pyknosis, karyorrhexis, 
karyolysis in buccal epithelial cells and salivary MDA levels in smokers 
was higher than non-smokers (p<0.05). There were no significant 
differences in genotoxic and cytotoxic indicators and salivary MDA 
levels before and after the last exposure in smokers and non-smokers 
(p>0.05).
Conclusion:  The results of this study indicate that the use of intraoral 
radiographs is within safe limits despite repeated exposure after 
several days.
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Introduction

Intraoral radiographic examination has been 
widely used to compelement physical assesment 
in dental treatment. Although the radiation dose 
in intraoral examination given in a small dose, it 
still has a radiobiological effect on exposed tissue. 
One of the causes of cell or tissue damage is due to 
the occurrence of oxidative stress by free radicals.1 
Biological systems can be exposed to free radicals 
either formed endogenously by the body's meta-
bolic processes or exogenous as well as the effects of 
cigarette smoke exposure. Free radicals are highly 
reactive and can lead to biochemical changes and 
damage various components of living cells such as 
proteins, lipids, carbohydrates and nucleates. The 
cell membrane consists mainly of lipid components. 
The attack of free radicals on the lipid component 
would lead to lipid peroxidation reactions and then 
produce products that are toxic to cells.2,3

Cigarette smoke contains large quantities of free 
radicals and more than 7.000 chemicals. Smoking 
would increase the biomarkers of oxidative damage 
to proteins, DNA and lipids.4,5 In addition, free 

radicals in cigarette smoke also cause changes in 
quality and quantity of saliva.6 

The buccal mucosa is the main barrier in oral 
cavity and buccal epithelial cells can reflect cells 
affected by genotoxic induced by carcinogenic 
agents through the formation of micronucleus.7 
While cytotoxic can reflected in buccal epithelial 
cells through the formation of pycnosis, karyor-
rhexis and karyolysis.8,9 Saliva is widely used in 
clinical research to detect diseases in the oral cavity. 
There are a lot of literature that discusses the use of 
saliva as an alternative biological sample to deter-
mine the diagnosis, prognosis and management of 
oral diseases with salivary MDA as a marker.6,10

Salivary malondialdehyde (MDA) is formed 
from lipid peroxidation on cell membranes by 
free radical reactions (hydroxy radicals) with Poly 
Unsaturated Fatty Acid (PUFA). The reaction 
occurs in a chain reactions, the final result of the 
chain reaction is hydrogen peroxide.11 Hydrogen 
peroxide can lead to decomposition of some alde-
hyde products that are toxic to cells and differ in 
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length, including MDA, which is one of the main 
aldehydes formed. In high oxidative stress condi-
tions, there is a significant increase in MDA levels. 
If the condition of oxidative stress is resolved, MDA 
levels returns to the normal condition.12

This study was conducted to analyze differences 
of cells contain micronucleus, pycnosis, kary-
orrhexis, karyolysis and salivary MDA levels in 
smokers and nonsmokers before and after exposed 
to intraoral radiographs in patients undergoing 
endodontic treatment.

Material and Methods

This study was a cross sectional study conducted 
at the Department of Dental Radiology, Dental 
Hospital of Hasanuddin University. Institutional 
ethical committee approval (registration number: 
UH 17120133) and written informed consent from 
all the samples were obtained before sampling. The 
number of samples in this study were 10 people 
divided into smokers group (n=5) and non smokers 
(n=5).

Non-smokers samples were those who fulfilled 
the inclusion criteria: did not smoke, did not 

consume alcoholic drinks and did not undergo any 
radiographic examinations in the past 6 months. 
Inclusion criteria for smokers were: have a smok-
ing habit every day for at least the last three years, 
did not consume alcoholic drinks and did not 
undergo any radiographic examinations in the past 
6 months.

Samples were taken based on radiographs sched-
ule of endodontic treatment; (P0) Before exposure, 
(P1) 10±2 after 1st and 2nd exposure (1st day expo-
sure with effective dose 0,008 mSv/day), (P3) 10±2 
after 3rd and 4th exposure (2nd day exposure with 
effective dose 0,008 mSv/day). In the initial cell and 
saliva collection, the patient was instructed to rinse 
their mouth three times with provided rinse water. 
Saliva was taken with draining method. Patients 
were asked to sit with their heads down and mouth 
open to allow saliva flow passively from the lower 
lip to sterilized calibrated test tubes. Saliva was 
collected without any stimulation. The test tubes 
then labeled according to the sample’s data and 
stored in the cooler box and immediately taken to 
the laboratory for analysis with Thiobarbitoric Acid 
(TBA) assay. Exfoliated buccal epithelial cells was 
taken by rotating cytobrush on the buccal mucosa 
surface (inner cheek) surrounding the exposed 
teeth with a one-time clockwise circular motion of 
360°. Cytobrush smears were prepared on cleaned 
microscopic slides and allowed to air dry and then 
fixed in alcohol 96%. The slides were stained using 
Papanicolau (PAP) method and examined under 
Olympus light microcope at 400X magnification 
and number of micronucleus were scored from 
1000 cells used criteria by Tolbert et al.13 Intraoral 
radiograph using Belmont PHOT-XII 303 (70 kVp, 
10mA, 3sec) with effective dose 0,004 mSv.

Results

The number of micronucleus, pyknosis, karyor-
rhexis, karyolysis in buccal epithelial cells and 
salivary MDA levels in smokers was higher than 
non-smokers as shown on figure 1. There was 
significant difference on salivary MDA, micronu-
cleus, pycnosis, karyorrhexis and karyolysis when 
analyzed with independent t-test (p<0.05).

Oneway ANOVA test result showed no signif-
icant change (p>0.05) on salivary MDA, micro-
nucleus, pycnosis, karyorrhexis and karyolysis 
between smoker and non smoker group exposed 
to intraoral radiographs. There was no significant 
change in 10±2 days after P1 and P2 as shown on 
table 1.

Table 1  Comparison mean of micronucleus, pycnosis, karyorrhexis, 
karyolisis and salivary MDA levels before and after 
exposure to intraoral radiographs between non-smokers 
and smokers

Group
Genotoxic and 
Cytotoxic Indicators

Non Smokers Smokers

mean±SD p mean±SD p

MDA P0 3.72±0.73
0.902

6.44±1.69
0.973P1 3.81±0.73 6.55±1.69

P2 3.92±0.72 6.69±1.71
Mikronukleus P0 2.4±1.14

0.363
18.4±5.5

0.958P1 3.2±1.3 19.4±5.98
P2 3.4±0.89 19.2±5.63

Piknosis P0 17.2±6.38
0.790

18.6±3.05
0.196P1 18.4±7.16 20.8±2.28

P2 20.4±8.41 21.2±1.09
Karioreksis P0 20.00±8.26

0.873
39.4±8.47

0.917P1 32.4±9.34 41.4±8.29
P2 32.8±7.59 41.4±8.29

Kariolisis P0 17.6±4.83
0.782

18.8±2.48
0.287P1 19.2±3.11 21±2.83

P2 19±3.53 21.6±3.05

Analyzed with oneway ANOVA; p<0.05 = statistically significant
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Discussion

This study was carried out by taking exfoliated 
buccal epithelial cells and saliva as samples because 
they were considered easy in the process of taking 
and non-invasive procedure. Sampling for each 
patient was taken three times to find out the changes 
on micronucleus, pycnosis, karyorrhexis, karyolisis 
and salivary MDA levels as explained in methods.

That the number of micronucleus, pycnosis, 
karyorrhexis, karyolisis and salivary MDA levels 
in smokers was higher than non-smokers before 
exposure (P0). It can be seen from the compari-
son of mean micronucleus number and salivary 
MDA levels in smokers was higher compared to 
non-smokers caused by smoking habits that have 
occurred for years and exposed to genotoxic agents 
contained by cigarettes such as benzopirene and 
nicotine. Nicotine in cigarettes could be nitro-
sated and then transformed into nitrosamines 
which have the potential to become DNA adducts 
that initiated the formation of micronucleus.12,14

Micronucleus were mainly derived from acentric 
chromosome fragments, acentric chromatid frag-
ments or all chromosomes that fail to be included 
in the nuclei during telophase settlement in mitosis 
because these chromosome fragments or chro-
mosomes did not adhere well to spindles during 
the separation process in anaphase. These unat-
tached chromosomes or chromosome fragments 
were finally closed by nuclear membranes which 
were morphologically similar to the nucleus after 
conventional nuclear staining but in a smaller 
size.15 This was in line with research conducted by 
Rahmah N et al.11 which found that the number 
micronucleus in active smokers is higher than 
passive smokers.12

From the P0 comparison of smokers and 
non-smokers showed that salivary MDA in smok-
ers was much higher than non-smokers. The higher 

salivary MDA showed that the oxidative stress 
of oral mucosa cells in smokers was higher than 
non-smokers. The habit of smoking tobacco that 
was found around us could damage the oxidant 
balance and antioxidants in the body lead to free 
radicals. Free radicals derived from cigarettes or 
stimulated by smoking could lead to oxidative stress 
and initiated lipid damage to cell membranes.14

MDA as the end result of lipid peroxidation, 
was an active molecule that could adversely affect 
protein structure because it could diffuse easily 
around cells and tissues.16 This is consistent with 
research conducted by Menicagli R et al.17 stated that 
consumption 7 (seven) cigarettes a day will signifi-
cantly increase salivary MDA levels compared to 
controls. Kurku H et al.18 also conducted a study of 
the acute and chronic effects of smoking on saliva 
and found that smoking had an acute and chronic 
risk of causing cell oxidative stress and led to an 
increase in the amount of MDA in saliva. 

In present study it was seen that there was no 
significant difference in number of micronucleus 
between P0, P1 and P2 in both smokers and 
non-smokers that could happen due to insufficient 
sensitivity of testing to detect changes after the 
exposure of intraoral radiographs with low doses 
although they exposed two times in a time. This was 
in line with a study conducted by Gang Li et al.18

which found that there was no change in micronu-
cleus number and cell death after exposure to radi-
ation from low-dose radiodiagnostic.19 And also 
supported by changes in salivary MDA that did not 
change significantly, seen from P0, P1 and P2 even 
though it had been repeatedly exposed. This could 
happen because there was a several days pause as 
interval between exposure to the first day (P1) and 
second day (P2) which could used by cells to repair 
themselves from damage before next exposure.

Conclusion

There were no significant differences in genotoxic 
and cytotoxic indicators and salivary MDA levels, 
before and after the last exposure in smokers and 
non-smokers. It showed us that the use of intraoral 
radiographs was within safe limits despite repeated 
exposure with several days interval. However the 
repeated exposure effect more than 0,008 mSv 
(more than two times exposed) in a same time was 
remain unknown. As a practitioner in dentistry, 
radiographic prescribing should only be done if it 
is really needed.
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Figure 1  Differences in micronucleus, picnosis, karyorexis, karyolysis and 
salivary MDA between non-smokers and smokers before exposed 
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