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ABSTRACT

KEYWORDS

Cement isaknown carcinogen. Large numbers of workersare occupation-
ally exposed to one or more forms of cement. Therefore, the potential carci-
nogenic hazard to the exposed workers is of great concern. This study
examines the genotoxic effect of cement by using Comet assay. The Comet
Assay or single cell gel electrophoresis assay is one of the very widely
used assaysto microscopically detect DNA damage at the level of asingle
cell. The determination of damageiscarried out either through visual scor-
ing of cells(after classification into different categories on the basis of tail
length and shape). In this study white blood cells are taken in order to
evaluate the genotoxic risk associated with occupational exposure of 15
cement industry workersand 15 age matched controls, in Coimbatore, South
India. Inthe comet assay 100 cellswere examined for eachindividual, both
comet tail length and adamage index were calcul ated. In this present study
we found asignificantly longer comet tail in agroup of workers exposed to
cement (35.02+0.186) compared to the control group (30.82+0.154). The
comet assay is considered a suitable and fast test for DNA-damaging po-
tential inbiomonitoring.  © 2009 Trade SciencelInc. - INDIA
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INTRODUCTION

Portland cement isafine powder that isan essen-
tia ingredient of concrete. Cement industry isalarge
industry and it produces dust during cement produc-
tion. Themgjor pollution problemin cement industries
iscement dust emissioninto theenvironment from vari-
ouspointsof theproduction processsuch asthecrusher,
rotary kiln, cranes, mills, storagesilosand packing sec-
tiong¥. Thishasresulted intheexposureof cement dust
leading to theimpai rment of respiratory functionand a
prevaenceof respiratory symptomsamongst workers?
8. Occupationa exposureto cement dust hasbeen as-

sociated with bronchial asthma, reduced respiratory
function and cancer of thelungsand the tomach. It has
also been reported that cement dust particlescould be
foundinvariousbody organsincludingliver, 3oleen, bone,
and blood and that they could producedifferent type of
lesions. Exposureto cement dust may increase chro-
mosomal aberrations, lung, bladder and stomach can-
cerl™, Cement dust can causediseasedueto thechemica
nature of cement dust and itsirritant, sensitizing and
pneumoconoatic properties®. Inhaed cement dust issus-
pected to causing bronchial asthmaand cancer of the
lungs and the stomach®.

It has also been reported that cement dust particles
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could befound in variousbody organsincluding liver,
spleen, bone, and blood and that they could produce
different typeof lesions. Exposureto cement dust may
increase chromosomal aberrations, lung, and bladder
and stomach cancer. Cement dust causes chromosomal
integrity, cell-cycle progression, DNA replicationand
repairti®,

Mutagenesisisinvolved in occupationa exposure
may contributeto the development of harmful infirmity,
many times during meansthat invol ve chromosomal
changes. In order to evaluate the possible impact of
environmenta and occupationa expositionon hedth, it
isessential toidentify the effectsof exposure. Continu-
ouseffortshave been madetoidentify genotoxic agents,
to determine conditions of harmful expositionand to
monitor excessvely exposed popul ationg*Y.

Comet assay isarapid and sensitivetechniqueto
measure Sites sensitiveto basic pH (alkali-label) and
DNA breaksinindividua cells. Thismethod wasde-
scribed by Ostling and Johanson in 1984, andin 1988,
Singh et d. introduced akaine conditionsto thistech-
nique™, Theassay techniqueconsistsof evauating cdls
kept in agarose, on amicroscope slide, submitted to
el ectrophores sand dyed with ethidium bromide. Cells
with damaged DNA form acomet, conssting of ahead
(nuclear matrix), and atail, formed by DNA fragments.
Theamount of DNA that hasmigrated is correlated
with thedamagd™*19. Thisassay isextremely versatile,
andisused extensively in Biology, Medicineand Toxi-
cology, dueto its capacity and sensitivity in demon-
strating DNA breaks, both single and double breaks,
andadkai-labd sited 1, Theadkaineconditionscause
the separation of the paired bases, enabling the detec-
tion of simplechain ruptures®- 2,

Positiveresultsin the comet assay do not always
correspond to positiveresultsinthe MN tests, espe-
cialy whenthe exposureto genotoxic agentsissmall.
The comet assay usually detectsmore defectsthanthe
MN test. Thepositivesinthecomet and MN testsare
dueto different mechanisms; the M N test detectsinju-
riesthat survive at least one mitotic cycle, whilethe
comet assay identifiesreparableinjuriesor akali-label
sites? 2, Consequently, Goethem (1997) suggeststhe
use of both MN and comet tests.

Wojewodzkaet d. (1998) cons der inter-individua
variability important; it can be detected by theanalysis
of parametersin the comet assay. They found consid-

erableintra-individual homogeneity, and highinter-in-
dividud variability, suggesting that theextent of thedam-
age, aswell asthe decrease in the capacity of DNA
damage repair, constantly induced by endogenous or
exogenousfactors, may beinvolvedinthevariability of
theindividua responsesfound.

MATERIALAND METHODS

The subjectswere selected by random sampling.
Thestudy group consisted of 15 cement mill workers
and 15 controls. Therespective control groupswere
matched for age, and had no occupational exposition
totoxic agents. All theindividua sweremaesand non-
smokers. They wereabout 25to 55 yearsold (TABLE
1). All theindividua swho agreed to participateinthe
study were hedlthy, and they answered adetailed ques-
tionnaire according to the protocol published by the
International Commission for Protection against Envi-
ronmental Mutagens and Carcinogens®!, whichin-
cluded items about occupational exposure, smoking
habit, use of drugs, such asacohal.

Comet assay

Beforedidepreparation, 0.2 ml wholeblood was
centrifuged and the supernatant wasremoved. After that
thecell pellet wasresuspended in 1.4ml chromosome
medium (RPMI 1640; Gibco BRL) with L-glutamine.

The Comet assay was carried out under alkaline
conditions, basically as described by Singh et al.
(1988).Thecell pellet obtained from 60 ul RPMI di-
luted blood was mixed with 85 ul 0.7% low melting
point agarose (LMA) and then placed onfully frosted
roughened dlides, previously coated with 1 % normal
melting point agarose (NMA). Whenthislayer had so-
lidified, athird layer of 0.1 LM A wasapplied. Thedides
wereimmersed for 1 hinice-cold freshly prepared ly-
sissolution (25M NaCl, 100mM Na,EDTA,10mM
Tns-HCI, 1% Nasarcosinate, pH 10) with 1% Triton
X-100 and 10%

DM SO added fresh to lysethecellsand to allow
DNA unfolding. Thedideswerethen placed on ahori-
zontal gel e ectrophoresistank, facing theanode. The
unit wasfilled with fresh e ectrophoretic buffer (1 mM
Na,EDTA, 300mM NaOH, pH 13) andthedlideswere
dlowedtosetinthisakalinebuffer for 20mintoalow
DNA unwinding and expression of alkali-labilesites.
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Electrophoresiswas conducted for 20minat 25V
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TABLE 2: Size of comet tail in pm of 100 cells analyzed for

(300mA). After that, toremoveakai and detergents,a  €achindividual exposed to cement dust and their controls

neutralization buffer (0.4 M TrisHCI, pH7.5) wasadded
dropwisetothedidesanddlowedto sitfor 5min, then
the DNA wasgtained with 4,6-diamidino-2-phenylindol
(DAPI) (5Hg/ml). Sideswereexamined by eyea 400X
magnification using afluorescencemicroscope. Thetall
length was measured according to Singh et al (1988).
Thewidth of the nucleusand the extent of migration of
DNA fragmentsof 50 randomly selected cellsper dide
weredetermined. Twopardld replicaieswere performed
per sample and the mean tail length was calculated.
Moreover, cellsweregraded by eyeinto five categories
(A-E) according to the amount of DNA in thetail!,
whereA areundamaged cdlsand E highly damaged cdlls.
To quantify the damagein this scoring, arank number
ranging from 0 (A) to 400 (E) was assigned to each of
the categories, in order to calculate a mean of DNA
damagegradefor dl samples.

Satistical analysis

Thedistributionsof meantail length of the comet
and mean of the grade of DNA damage of exposed
and control sampleswereca culated by usngtwotailed
student t test. A differences at p<0.05 was considered
sgnificant.

RESULTS

The main characteristics of the exposed and con-
trol workerswererecorded TABLE 1. Theindividuals
wereidentifiedintermsof age, yearsthey had worked,
smoking and a coholic habits. Theaverageyear of ex-
posure was 12.76yrs for cement industry workers.
Themean comet tail length of 100 cdllsof exposed and
control groups were represented in TABLE 2. The
comet valuesweresignificantly (P> 0.5) higher inoc-
cupationally exposed group (35.02+0.186um) than
their respective controls(30.82+0.154um).

TABLE 1: Characteristicsof study groups

I\i Characteristics Z(&%;tseg guobr}:c?ls
1 Number of subjects 15 15
2. Average Age (years) 36.66 34.44
3. Y ear of exposure 7

<10yrs 8

>10yrs

Cement mill workers Controls

Individuals Year of  Comet tail Comet tail
Exposure length (um) Age length (um)
01 29 8 34.2£1783 26  30.5t7.87
02 40 20 36.3t11.58 24 31L0+6.91
03 31 13 34.4£10.75 30  30.0+4.00
04 45 14 36.8£19.01 43  30.6+6.00
05 4 9 33.9+15.02 47  30.9+5.11
06 44 21 3531925 26  31.6+6.32
07 40 17 36.0£19.08 40  31.9+7.81
08 27 6 34.8+1.96 29  30.0:1.71
09 35 8 335£16.11 35  30.9+6.11
10 37 18 35.7+1129 41 315+5.78
1 32 9 34.6£11.69 32 30.443.85
12 35 13 34.9+1236 40  30.0+5.01
13 38 9 35.6+1882 36 30.45.71
14 37 15 33.6£15.64 37  30.9+4.13
15 39 7 35.8+12.76 30  31.7+6.11
Mean 3666 1276 35.02 34.44 30.82
SE - - 0.186 0.154
DISCUSSION

The Comet assay allows detection of DNA dam-
ageandrepair a theleve of individud cells. Theuseof
thistechniqueisincreasingand it hasbeenemployedin
different in vitro studies conducted to detect the
genotoxic effectsof ionizing radiation, aswell asthe
repair kineticsof such damagein humanblood cell$77.

The comet assay hasbeen receivingincreasing at-
tention asrapid and very sensitive simplefluorescent
mi croscopy-based method to examine DNA damage
andrepair atthelevd of individud cdls. Thisstudy ams
to investigate the genotoxic risk associated with occu-
pational exposureof cement industry workersto com-
plex chemical mixtures. Wefound asignificantly longer
comet tail in agroup of workers exposed to cement
(385.02+0.186) compared to the control group
(30.82+0.154). Maciejewska and Cybula (1991) found
that cement dust induces chronic exfoliative bronchitis
andtissuefibrosisand emphysemd?!. Inaddition, Oleru
1984 reported that, the most frequently symptomsin
cement mill workerswere cough, chronic bronchitis,
impairment of lung function, chest tightness, restrictive
lung disease, skinirritation, conjunctivitis, somach ache
and boil .

Thepresent analysisshowed anincreaseinthepro-
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portion of damaged cellsin the sample obtained from
exposed group than control group. Comet resultsre-
ported in the present work are based on the response
of leukocytes, whileour previousresultson micronucleus
were based on the buccd cellsamong cement exposed
popul ation aso gavesgnificant increasein genetic dam-
age’™. Onthebasisof suchrelation our resultssuggest
that cement dust induce DNA damage. We recom-
mended that cement mill workersshould regularly use
appropriate personal protective equipments at their
work siteeg:-apparel, mask, goggles and should get
periodic medical surveillance. Thesemeasureswould
help to decrease the occupational hazards of cement
dust and detect thediseaseininitia stagewhen treat-
ment isachievablein cement industrial workers. The
study and the standardi zation of testsfor theeva uation
of biologica damageareessentid for publicingtitutions
that are concerned with environmenta quality and pub-
lic health. Genotoxic eval uationisnecessary to guaran-
tee environmental quality and occupationa health, as
well asto orient workersto hel p reduce genetic dam-
ageandtherisk of seriousillness.
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