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Abstract

Background: Workers in cement warehouses of Kerala are enduring long-standing exposure 
to cement dust, which is considered genotoxic.

Objective: To evaluate the extent of genotoxicity and cytotoxicity caused due to exposure of 
cement dust among those working in cement warehouses.

Methods: The study included 82 cement warehouse workers and 82 age-matched individu-
als with no exposure to cement dust. Exfoliated buccal micronucleus cytome assay (BMCyt) 
was performed to analyze the genotoxic and cytotoxic effects caused by inhalation of cement 
dust.

Results: The frequency of various genotoxic and cytotoxic end markers (micronucleated 
cells [2-fold increase, p<0.001], nuclear buds [4-fold increase, p<0.001], binucleated cells 
[4-fold increase, p<0.001], karyorrhectic cells [2-fold increase, p<0.001], pyknotic cells [3-
fold increase, p<0.001], and karyolytic cells [2-fold increase, p<0.001]) were higher in the 
exposed workers compared with unexposed group. Increase of these parameters represented 
an increased level of chromosomal damage, nuclear disintegration and increased cell death 
among exposed group compared with unexposed group.

Conclusion: Continuous exposure to cement dust results in increased frequency of nuclear 
aberrations and cellular apoptosis. This may lead to defects in genome maintenance, ac-
celerated ageing, increased chance of oral cancer and neurodegenerative disorders in those 
occupationally exposed to cement dust.

Keywords: Occupational exposure; Mutagenicity tests; Chromosome aberrations; Apopto-
sis; Oral mucosal absorption; Micronuclei, chromosome-defective; Micronucleus tests; Bio-
markers; DNA damage
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Introduction

Portland cement is one of the most 
commonly used building materi-
als across the world. The essential 

compounds of cement include calcium 
oxide, silicon dioxide, aluminium oxide, 

manganese, iron oxide, lead, chromium, 
cadmium, arsenic, and zinc.1 Supplemen-
tary raw materials such as silica sand, iron 
oxide, and bauxite containing hydrated 
aluminium, may be used in lesser amounts 
to get the required composition.2 Employ-
ees in cement factories, construction sites, 
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warehouses, and asbestos manufacturing 
factories are exposed to various levels of 
cement dust. A two-fold increase in the 
emission of cement dust from these in-
dustries have been noticed worldwide in 
the last few decades due to an upsurge of 
more cement plants to satisfy the high de-
mand of cement for infrastructure.2 The 
aerodynamic diameter of cement particles 
ranging from 0.05 to 10 µm, which could 
reach to the level of alveoli in lungs. The 
main route of entry of this dust is through 
inhalation (respiratory system) and swal-
lowing (digestive system).3,4 Cement as a 
whole, and its components are considered 
chemical hazards; excess amounts of these 
elements are potentially harmful to the 
biotic and abiotic components of the envi-
ronment.5 Microelements in cements, eg, 
chromium, are considered carcinogenic in 
1980's. A strong association between ex-
posure to cement dust and developing la-
ryngeal carcinoma has been established.6 
An increased relative risk for the malig-
nancies of lip, stomach, lung, and prostate 
has been recorded among concrete work-
ers.7 A significant increase in total leuko-
cyte count, chest pain, cough, ophthalmic 
problems, increased micronuclei levels 
in lymphocytes (representing increased 
genotoxicity) have been reported in vari-
ous studies conducted on people across 
the world working in cement industries.8-11 
In addition, an increased activity of the 
antioxidant enzymes and depletion of to-
tal antioxidant capacity revealed that ex-
posure to cement dust leads to increased 
oxidative stress.12 Neboh, et al, reported a 
decrease in hemoglobin content among ce-
ment warehouse workers in Nigeria chron-
ically exposed to cement dust.13 To the best 
of our knowledge, no study has so far been 
conducted among loading and unloading 
workers of cement warehouses, who are 
considerably exposed to cement dust.

Though various studies have been un-
dertaken on the effects of exposure to ce-

ment dust, few have focused on its effect on 
buccal epithelial cells. This issue should be 
considered important as buccal epithelium 
is the first barrier against toxic agents and 
micro-organisms.14 Buccal micronucleus 
cytome assay (CBMN cyt assay) is a robust 
method to study the effect of exposure to a 
genotoxic agent.15,16 Presence of micronu-
clei (MN), binucleated cells (BN), nuclear 
buds (Nbud), and accelerated apoptosis, 
or necrosis of buccal cells has to be consid-
ered in detail to understand the extent of 
genotoxicity and cytotoxicity caused. Mi-
cronuclei are the products of chromosome 
fragmentation, whole chromosome loss 
or DNA double strand breakage (DSB), 
hence, it can be considered an end-point 
to analyze DNA damage.17,18 Nuclear aber-
rations such as pyknosis, karyolysis, and 
karyorrhexis represent the cytotoxicity. 
The present study aimed at analyzing the 
extent of genotoxicity and cytotoxicity in 
buccal cells caused by chronic exposure to 
cement dust of workers in cement ware-
houses of Kerala, India.

Materials and Methods

Study Population

The study was conducted among workers 
occupationally exposed to cement dust in 
cement warehouses. After obtaining an 
informed consent, we recruited 82 male 
workers with minimum of one year ex-
posure to cement. Subjects with habits of 
smoking, alcohol consumption, paan or to-
bacco chewing, poor dental health, having 
known systemic diseases and under medi-
cation, and history of recent x-ray exposure 
were excluded from the study. Study par-
ticipants were grouped into three groups 
based on their years of exposure (YOE) to 
cement dust: 1–10, 11–20, and >20 years. 
An equal number of people not exposed to 
cement dust having similar age, sex, so-
cioeconomic status, and social habits were 
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selected as controls (unexposed). Based on 
age, both exposed and unexposed groups 
were classified into three groups: ≤35, 36–
45, and >46 years. Information regard-
ing demographics, eg, age of participants 
and the YOE to cement dust was gained 
through a scheduled interviewer-admin-
istered questionnaire. YOE to cement dust 
of participants was defined based on the 
total continuous period of exposure to ce-
ment dust at cement warehouses. The time 
duration for the study was four years. A 
minimum sample size of 82 exposed in-
dividuals and 82 unexposed individuals 
was calculated based on a pilot study. The 
study was conducted in Department of 
Anatomy and Jubilee Centre for Medical 
Research, Jubilee Mission Medical College 
and Research Institute, Thrissur, Kerala, 
India. The study protocol was approved by 
the Institutional Ethics Committee.

Specimen Collection

The subjects were asked to rinse their 
mouth with clean water to remove the un-
wanted particles and debris. Buccal mu-
cosa was collected by scraping gently from 
the inner cheek (both right and left sides) 
using a wooden spatula and transferred to 
a 15-mL centrifuge tube containing 5 mL 
normal saline.

Buccal Micronucleus Cytome Assay

The sample collected was centrifuged at 
1200 rpm for 5 min. The supernatant was 
discarded and the tube was tapped well. 
The procedure was repeated three times 
adding 5 mL normal saline until the pel-
lets were clear. The pellets were fixed us-
ing 5 mL fixative (glacial acetic acid and 
methanol in 1:3 v/v) and stored for 24 hrs. 
The tubes were then centrifuged for 5 min 
at 1200 rpm before preparing the slides. 
The cell pellets were dropped on to clean 
microscope slides and allowed to dry be-
fore it was stained with Acridine Orange. 
The stained slides were viewed under 

40× (Axioscope 1, Carl Zeiss microscope) 
to score and photography the genotoxic 
(micronuclei [MN], nucleoplasmic bridge 
[NPB], nuclear bud [NBUD], and binucle-
ated cells [BN]) and cytotoxic (pyknotic 
cells [PK], karyorrhectic cells [KH], and 
karyolytic cells [KL]) end-points. A total of 
2000 cells per individual were counted to 
identify the above incidences.

Statistical Analysis

Data were analyzed with SPSS® for Win-
dows® ver 22.0 (IBM SPSS, Armonk, NY, 
USA). Quantitative variables were sum-
marised using mean and SD for normally 
distributed data; median (IQR) otherwise. 
One-sample Kolmogorov-Smirnov test 
was used to test the normality of the dis-
tribution of the variables. Continuous vari-
ables were compared between two groups 
with Student's t test for independent sam-
ples and Mann-Whitney U test. One-way 
ANOVA or Kruskal-Wallis tests were used 
for comparing three or more groups. Post 
hoc analysis was carried out to identify  
pairwise significance.

L. Krishna, U. Sampson, et al

TAKE-HOME MESSAGE

 ● Essential components of Portland cement include silicon di-
oxide, aluminium oxide, lead, chromium, cadmium, arsenic; 
they are considered chemical hazards.

 ● These compounds enter the body via inhalation and inges-
tion and are preferentially targeted the buccal epithelial 
cells.

 ● Early genotoxic events occurred after the exposure to ce-
ment dust are considered genotoxic.

 ● Chronic exposure to cement dust leads to increased levels 
of DNA damage. 
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Results

General Demographics of the Groups

The median age of exposed group was 44 
(IQR 12) years; it was 44.5 (13) in unex-
posed group. The median YOE to cement 
dust among the exposed group was 14 (10) 
years. The mean BMI was 24.6 (SD 3.21) 
and 25.91 (2.62) kg/m2 in the exposed and 
unexposed groups, respectively. 

Genotoxic and Cytotoxic Biomarkers 
Measured in Buccal Epithelial Cells 
among Exposed and Unexposed Groups

The frequency of MN was significantly 
(p<0.001) higher in the exposed compared 
with unexposed group (Table 1). There was 
also a significant (p<0.001) difference in 
the frequency of BN cells and Nbuds be-
tween the study groups (Table 1). In both 
groups, the frequency of MN was higher 
than that of BN cells and Nbuds. The fre-
quency of cytotoxic end-markers in the ex-
posed group was higher than that in unex-
posed group (Table 1). 

Correlation of Genotoxicity and 
Cytotoxicity with Years of Exposure:

YOE significantly affected all genotoxicity 
end-markers (Table 2). A significant 
(p<0.001) increase in the number of MN 
and Nbuds was noticed as the duration 
of exposure increased. The formation of 
BN cells (damage in the cytokinesis dur-
ing mitosis) in the 11–20 YOE group and 
>20 YOE group was much more than that 
observed in 1–10 YOE group (p<0.001); 
however the difference was not significant 
between 11–20 YOE and >20 YOE groups. 
The genotoxic levels, represented with the 
formation of BN cells, were more during 
the initial stages of exposure to cement 
dust and became constant in later years. 
YOE also significantly affected cytotoxicity 
end-markers (Table 2); the frequency of 
nuclear anomalies increased with the YOE.

Correlation of Genotoxicity and 
Cytotoxicity with Age in Exposed and 
Unexposed groups

The frequency of genotoxic and cytotoxic 
end-markers significantly changed by in-
creasing age in the exposed group (Table 
3). The frequency of nuclear anomalies 
also increased by age in unexposed group 
(Table 4).

Table 1: Genotoxicity and cytotoxicity in buccal cells among 
exposed and unexposed groups. Values are median (IQR). The 
frequency of all studied variables differ significantly (p<0.001) 
between exposed and unexposed groups.

Nuclear anomalies Exposed (n=82) Unexposed (n=82)

Buccal MN 15 (13.3) 7.33 (8)

Buccal BN 12 (11) 3.00 (2)

Buccal Nbud 13 (10) 3.00 (2)

Karyorrhexis 15 (4.3) 9 (5)

Pyknosis 15 (6) 5 (2)

Karyolysis 18 (7) 10 (3.5)
Buccal MN: buccal micronuclei, Buccal BN: buccal binucleated cells, Nbud: 
nuclear bud

Table 2: Genotoxicity caused by exposure to cement dust on 
buccal cells stratified by years of exposure. Values are either 
mean (SD) or median [IQR]. The frequency of all studied variables 
differ significantly (p<0.001) among the three groups.

Nuclear 
anomalies

1–10 yrs  
(n=27)

11–20 yrs 
(n=42)

>20 yrs  
(n=13)

Buccal MN 10 [4] 18 [9] 27 [4]

Buccal BN 3 [2] 14 [4] 14 [4.5]

Buccal Nbuds 5.0 (2.24) 14.29 (2.68) 17.85 (2.41)

Karyorrhexis 12.22 (2.06) 15.74 (2.35) 19.54 (3.04)

Pyknosis 11 [3] 16 [5] 20 [6.5]

Karyolysis 14 [4] 19 [5] 24 [5.5]
Buccal MN: buccal micronuclei, Buccal BN: buccal binucleated cells, Nbud: 
nuclear bud

Genomic Instability in Buccal Cells
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Discussion

Early genotoxic events induced by carci-
nogenic agents entering the body via in-
halation and ingestion are preferentially 
targeted in the buccal epithelial cells.16 The 
oncogene activation and tumor suppressor 
gene inactivation, which leads to deregula-
tion of cell division and death, are the rea-
sons stated for genetic alterations observed 
in head and neck cancer.15 According to the 
World Health Organization, ,carcinoma of 
oral cavity is the sixth most common can-
cer among males in developing countries; 
it is after lung, prostate, colorectal, stom-
ach, and bladder cancer; 90% of all oral 
cancers originate from epithelial cells.15,19 
These facts highlight the advantage of the 
CBMN cyt assay, an in vivo examination 
that explicates the effects of toxic agents 
acting directly on a target tissue (buccal 
epithelium). Genotoxic and cytotoxic pa-
rameters were analyzed in exfoliated buc-
cal cells and compared between exposed 
and unexposed subjects to determine the 
extent of genetic damage involved.

The basal layer of epithelial tissue, 
where cells undergo mitosis, is the site 
where micronuclei are formed in response 
to any toxicity. The epithelial tissue prolif-
eration takes 7–16 days to bring the cells 
to the surface, where they exfoliate.20,21 The 
subjects participated in this study were 
continuously exposed to cement dust dur-
ing their daily work. Therefore, the exfo-
liated cells collected for the analysis were 
those targeted at the basal layer. 

The presence of MN indicates chromo-
some loss or fragmentation occurring dur-
ing early nuclear division.13,14 Exposure 
to clastogens, genetic defects in cell cycle 
checkpoint or DNA repair genes, oxidative 
stress, and absences of major cofactors in 
DNA metabolism and chromosome segre-
gation machinery induce these events.22 
MN located within the cytoplasm of differ-
entiated cells with uniformly stained nu-

clei alone was used for scoring.15 Acridine 
orange, a DNA-specific stain, was used in 
this study to stain the exfoliated buccal 
cells to avoid keratohyalin granules, which 
can give false-positive results (Fig 1C). The 
present study found a significant increase 
in the frequency of MN among exposed 
groups compared with unexposed group; 
the frequency increased with YOE. A simi-
lar increase in the frequency of MN in buc-
cal cells have also been reported among 
workers of petrol pump, gutkha and pan 

Table 3: Genotoxicity and cytotoxicity caused by exposure to ce-
ment dust in buccal cells stratified by age. Values are either mean 
(SD) or median [IQR]. The frequency of all studied variables differ 
significantly (p<0.001) among the three groups.

Nuclear anomalies
≤35 yrs  
(n=18)

36–45 yrs  
(n=27)

>46 yrs  
(n=37)

Buccal MN 8.00 (2.16) 14.96 (4.76) 22.05 (7.54)

Buccal BN 3 [2] 12.5 [8.5] 15 [4]

Buccal Nbud 4 [3] 13.5 [7.5] 15 [5]

Karyorrhexis 11 [3] 14 [2] 18 [3]

Pyknosis 11 [2] 14 [4.3] 17 [4.5]

Karyolysis 13 [3] 18 [5.3] 21 [5]
Buccal MN: buccal micronuclei, Buccal BN: buccal binucleated cells, Nbud: 
nuclear bud

Table 4: Genotoxicity and cytotoxicity in buccal cells of unex-
posed group stratified by age. Values are either mean (SD) or 
median [IQR]. The frequency of all studied variables differ signifi-
cantly (p<0.005) among the three groups.

Nuclear anomalies
≤35 yrs  
(n=18)

36–45 yrs  
(n=27)

>46 yrs  
(n=37)

Buccal MN 2 [2] 6 [3] 11 [2.5]

Buccal BN 1 [1.3] 3 [2] 4 [1]

Buccal Nbud 2 [2] 3 [2] 4 [1]

Karyorrhexis 5 [2] 7 [2] 4 [1.3]

Pyknosisa 4.50 (1.18) 5.09 (1.20) 5.84 (1.62)

Karyolysis 6.50 [3.3] 10 [2] 12 [3]
Buccal MN: buccal micronuclei, Buccal BN: buccal binucleated cells, Nbud: 
nuclear bud
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masala chewers, beedi smokers, welders, 
and workers in tannery factory, implying 
a higher level of chromosomal damage.23-25 
The findings of the present study were in 
line with their findings in buccal cells in 
terms of the chromosomal damages. A 
previous study on cement workers has fo-
cussed on MN in peripheral blood lympho-
cytes.11 However, study on buccal mucosa 
must be in the limelight, as it is the first 
barrier and an easier and non-invasive 
method.

BN cells are the cells with two main nu-
clei instead of one; they are morphological-
ly similar to normal cells (Fig 1B). They are 
probably the signs of failed cytokinesis fol-
lowing the last nuclear division in the basal 
cell layer.26 A higher frequency of chromo-
somal non-dysjunction occurs in BN cells 
that fail to complete the cytokinesis. This 
is considered a cytokinesis checkpoint for 
aneuploid BN.27 Thomas and Fenech have 
reported that BN cells might be associated 
with cell division; Celik, et al, considered it 
an end-marker of genotoxicity.28,29 

Nbud, also known as “broken eggs,” is 
a marker of nuclear abnormalities such as 
chromosomal breakage, genetic material 
loss and excision repair.30 Nbud is small or 

large protrusion of chromatin with a diam-
eter ranging from one-sixth to one-third of 
the main nucleus (Fig 1D). It is attached to 
the main nucleus by a narrow or wide con-
striction having similar staining intensity 
as the main nucleus.31 In the present study, 
the frequency of both BN and Nbud sig-
nificantly increased among exposed work-
ers compared with the unexposed group. 
Recently, Shaikh, et al, has reported simi-
lar effects caused by exposure to gasoline 
among petrol pump workers.32

Nuclear changes, other than MN, that 
represent cellular death, which can en-
hance the sensitivity of techniques to de-
tect genotoxicity, have been reported by 
many researchers.33-35 The factors inti-
mately involved in cell growth and death 
are affected by toxic agents; an increased 
cell proliferation indicates carcinogenicity. 
The repeated exposure to cytotoxic agents 
can result in chronic cell damage, com-
pensatory cell proliferation, hyperplasia, 
and eventually tumor growth.36 Exposure 
to mutagens can stimulate apoptosis and 
act as a defensive mechanism by remov-
ing genetically damaged tissues. Increased 
levels of apoptosis can be an indication of 
genotoxic damage that would be related 
to the process of malignant alterations.37 
These biomarkers found in BMCyt have 
been correlated with exposure to genotoxic 
agents, defects in genome maintenance, 
ac celerated aging, oral carcinoma, and dis-
eases due to neurodegeneration.38 There-
fore, the stages of apoptosis such as kary-
orrhexis, karyolysis, and pyknosis were 
considered cytotoxic effects and inves-
tigated (Fig 1E, 1F, and 1G). All the three 
parameters increased significantly in the 
present study and represent the nuclear 
disintegration leading to increased cell 
death, establishing the cytotoxic properties 
of cement dust. Previously Shaikh, et al, 
and Lorenzoni, et al, have reported similar 
disintegration of DNA leading to cell death 
among petrol pump workers and those 

Genomic Instability in Buccal Cells

Figure 1: Various genotoxic and cytotoxic end-markers in exfoli-
ated buccal cells: A) normal cell, B) binucleated cell, C) micronu-
cleus (MN), D) broken egg (Nbud), E) karyorrhexis, F) karyolysis, 
and G) pyknosis
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exposed to formaldehyde.32,36 The present 
findings observed in buccal cells also typi-
fied the cytotoxic effects of cement dust.

According to the CBMN cyt assay con-
ducted in the present study, mutagenicity 
increased after exposure to cement dust. 
This study on the loading and unloading 
workers exposed to cement dust revealed 
increased frequencies of genotoxic and 
cytotoxic end-markers, reflecting the ad-
verse effects of cement dust. Chronic expo-
sure to cement dust led to increased levels 
of DNA damage and repair inhibition that 
could be detected in buccal cells. 

To suggest the risks related to 
genotoxicity and cytotoxicity, individuals 
employed at such occupational environ-
ments are suggested to undergo constant 
bio-monitoring. Awareness of workers of 
the cellular effects of cement dust should 
also be raised. Efforts should be made to 
improve the air quality at these occupa-
tional areas. Awareness campaigns regard-
ing the exposure and standardized protec-
tive devices must be mandated. Proper 
training in using such devices is necessary. 
This would benefit the workers with a bet-
ter working and healthy conditions in such 
occupational environments. 
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