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ABSTRACT

This work was done to determine the biomarkers of genetic damage as a result of occupational expo-
sure to many dangerous chemicals in car painting workshops. Fifty subjects were included in this work.
They were divided into two groups; group I (n = 25): workers exposed to painting substances in car
painting workshops and group Il (n = 25): non exposed workers from the administrative staff in the same
car painting workshops, who serves as a control. Blood samples were withdrawn and examined for chro-
mosomal aberrations; lymphocyte micronucleus frequency and alkaline single cell gel electrophoresis
(comet assay) were performed. The results revealed significant increases in chromosomal aberrations
(breaks and gaps), micronuclei frequency, and size of the comet tail and damage index of comet assay in
the exposed group as compared with non-exposed group. Also, cells were scored visually in the comet as-
say into five classes from undamaged- 0 to maximally damaged-4. In conclusion, the study concluded that
occupational exposure to automobile spray painting substances leads to an increased risk of genetic dam-
age. Also, chromosomal analysis to detect chromosomal aberrations, lymphocyte micronucleus assay to
detect frequency of micronuclei and alkaline single cell gel electrophoresis (comet assay) to detect DNA

break are useful biomarkers for assessing the genotoxicity in exposed workers in car painting workshops.
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INTRODUCTION

Automobile spray painting is among
jobs which are likely to result in exposure
to an extensive variety of hazardous
chemicals that are potentially genotoxic
such as organic solvents (tolune, xylene,
heptane and acetate), several types of res-
ins (urethane, isocyanate and thinnar)
which contains benzene and heavy met-
als(lead, cadmium and chromium) which
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are major components of paint pigments
that contain lead chromate, lead oxide,
cadmium yellow, chrome yellow and
orange (Banjong et al., 2005).

Automobile paints are sprayed and sus-
pended in the atmosphere long enough to
be inhaled by paint sprayers. Moreover,
the application or removal of paints was
occasionally performed without protec-
tion by masks or gloves. Chronic occupa-
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tional exposure to such derivatives is
considered to possess genotoxic risk and
may contribute to the development of
many neoplasia, through mechanisms that
involve chromosomal changes (Pinto et
al., 2000).

Genotoxicity biomarkers have received
considerable interest as tools by which
damages to DNA or to chromosomes can
be identified. Panels of biomarkers are
used for detecting human genotoxic expo-
sure effects (Pitarque et al., 2002).

The conventional cytogenetic studies
for evaluating genetic damage include
chromosomal aberration (CA), micronu-
cleus (MN) assay and sister chromatid ex-
changes (SCE). A high frequency of chro-
mosomal aberrations is predictive of an
increased cancer risk, probably as a mani-
festation of genetic instability (Norppa,
2004).

Chromosomal aberrations (CA) may be
chromatid -type or chromosome- type,
gaps, breaks, breaks plus exchanges and
total type aberrations (Tuimala et al.,
2005).

Micronuclei (MN) derive from chromo-
somal fragment and whole chromosomes
lagging behind in anaphase. MN assay
can be used to show both clastogenic and
aneugenic effects. It is a good indicator of
chromosome mutations. It can be used as
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an endogenous dosimeter in tissues that
are specific targets of genotoxic agents
where carcinomas will develop (Martino
et al., 2002).

Alkaline single cell gel electrophoresis
(comet assay) is a newer technique for
measuring DNA breaks in individual hu-
man cells. This assay is extremely used in
biology, medicine and toxicology due to
capacity and sensitivity in demonstrating
DNA breaks, both single and double
strands breaks and alkali- labile sites (Ner-
sesyan, 2005).

The aim of this work was to deter-
mine the genotoxic effects of occupational
exposure to hazardous chemical in car
painters through chromosomal analysis,
micronucleus test and comet assay param-
eters.

SUBJECTS AND METHODS

A-Subjects:

This work was done in different auto-
mobile body repair shops in El-Minia and
Cairo cities that had no standard spraying
room. Fifty subjects were included in this
work. They were divided into two groups;
group I (n = 25) includes technical work-
ers exposed to painting substances in car
painting job for at least one year and
group IT (n = 25): includes non-exposed
subjects from the administrative staff who
serve as a control group.
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The exposed and control groups were
matched in the age and duration of ser-
vice. All the individuals were males,
ranged from 20 to 50 years old. All partici-
pants signed an informed written consent
form and participated in this work only
once.

All individuals who agreed to partic-
ipate in this work were healthy and an-
swered a detailed questionnaire about oc-
cupational exposure, use of drugs or
alcohol, repeated virus illnesses and any
previous radiological examinations to ex-
clude exposure to other potential sources
of genotoxics. Only non smokers were
chosen. Some of individuals studied were
ex-smokers one year ago or more.

B- Methods:

‘Chromosomal analysis:

A venous blood sample was drawn
aseptically from each subject (about 5 ml
in a heparinized disposable syringe).
Then, 0.5 of whole blood was put in a ster-
ile tube containing the media (lvial of
phytohemagglutinin was mixed to 100 ml
of culture media). Then, 25 ml of fetal calf
serum (FCS) was added. The mixture was
divided into sterile centrifuge culture
tubes, 5 ml in each tube. The tubes were
shaken and put in the incubator in an
oblique position for 72 hours. Two hours
before the end of the incubation, 0.1 ml
colchicine (0.05 %) was added to block the
dividing cells in metaphase and contracts
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the chromosomes making them to appear
more distinctive.

Lastly, cells were harvested and slides
were stained with Giemsa stain diluted
with PH 6.8 phosphate buffer and 46 ml
distilled water. Each slide was examined
under light microscope to detect meta-
phases according to Liou et al., (1999).

Lymphocyte Micronucleus Assay:

Lymphocytes were isolated from 5 ml
of whole blood obtained from the persons.
Centrifugation was done and washed
twice with PH 7.2 phosphate buffered sa-
line. Cells were cultured at 37°C for 72
hours in 5 ml chromosome medium that
contains 10 ml phytohaemagglutinin.
Then, cells were treated with hypotonic
saline for 2-3 minutes, fixed three times in
methanol/acetic acid (5:1) solution, and
harvested on slides. The slides were dried
and stained for 15 minutes in diamidino
phenyl indole (DAPI). 500 binucleate cells
were examined for each subject with a
light microscope using coded slides. Only
cells which were non- fragmented, non-
accumulated, and contained intact nuclei
were examined.

Criteria used for Micronuclei detec-
tion were as follow: less than one third in
diameter of the main nucleus, on the same
plane of focus, have the same color, tex-
ture and refraction as the main nucleus,
have a smooth oval or round shape and

Vol. XII No.2, July 2005



Zaher, et al...

clearly separated from the main nucleus.
Questionable micronuclei were disregard-
ed. The values were presented as the num-
ber of micronuclei per 500 binucleated
cells according to Martino et al., (2003).

Alkaline comet assay:

The alkaline comet assay was conduct-
ed as described by Szyfter et al. (2004).
Briefly, Five microliters (ul) of blood were
mixed with 70 pl of 1% low melting point
agarose in the RPMI 1640 medium at 37°C.
The mixture was pipetted onto micro-
scope slides previously pre-coated with a
layer of 1% normal agarose. The slides
were immersed in lysis solution (2.5 mM
NaCl, 0.1 mM EDTA (ethylene diamine
tetra acetate), 10 mM tris, 1% of freshly
added Triton X-100, PH 10) for 1 hour to
remove proteins. The slides were then
placed in a horizontal electrophoretic tank
in cold buffer (0.3 mM NaOH, 1 mM
EDTA, PH 13) for 40 minutes to allow
DNA unwinding. The electrophoresis was
carried out in the same solution for 30
minutes after electrophoresis, slides were
removed from the tank and immersed in
neutralization buffer (0.4 M tris, PH 7.5),
stained with Ethidium bromide (2 pg ml-1
in distilled water) and viewed in an Olym-
pus fluorescence microscope. 100 cells
were counted per sample.

Both qualitative and quantitative as-
sessment of DNA damage was carried out.

Images from each slide were scored visu-
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ally as belong to one of five classes of
DNA damage, from score zero (round im-
ages) to score 4 (most of DNA had migrat-
ed from the head to the tail). An average
level of DNA damage was calculated by
multiplying the number of cells in a class
by the score number. A total of 100 cells
were scored. Thus, the level of DNA dam-
age ranges from score zero (undamaged)
to score 400 (highly damaged).

The statistical analysis was performed
using hypothesis test (test of proportion)
for chromosomal aberrations and stu-
dent’s t-test for micronucleus test and
comet assay parameters. A value at p
<0.05 was considered significant.

RESULTS

Chromosomal analysis:

Chromosomal analysis from group II
(control group) showed normal chromoso-
mal pattern (Fig. 1).

As regard the exposed group (Group I),
20 cases (80%) were found to have chro-
mosomal breaks as compared with 6 cases
only (24%) in control group (Group II) as
shown in fig. (2) and table (1). The differ-
ence was significant where Z=3.96 and
P=0.0001.

The present work also showed that
there were 18 cases (72%) in group I (ex-
posed) found to have chromatid gaps as
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compared with 3 cases only (12%) in
group II (control) as shown in fig. (3) and
table (2). The difference was significant
(Z=4.29 & P=0.0001).

Fig. (4) is a histogram demonstrating a
comparison between the incidence of
breaks and gaps among the exposed and
control groups.

Lymphocyte micronucleus assay:

The results of this work showed that
the number of micronucleated lympho-
cytes was higher in group I (exposed)
(mean= 15.16, SD + 4.45) than in group II
(control) (mean= 2.44 & SD + 1.99). The
difference was significant (T= 13.04 & P=
0.0001) as shown in table (3).

Fig. (5) is a histogram demonstrating a
comparison of the mean number of micro-
nucleated cells between group I (exposed)
and group II (control).

Alkaline comet assay:

DNA damage was analysed qualitative-
ly. Cells with damaged DNA form a com-
et, consisting of a head (nuclear matrix)
and a tail, formed by DNA fragments.
Cells were scored visually as belong to
one of five classes, from class 0 (undam-
aged) (Fig. 6), class 1 (Fig. 7), class 2 (Fig.
8), class 3 (Fig. 9) and class 4 (maximum
damage) (Fig. 10).

Quantitatively, size of the comet tail
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measured in pm of 100 cells analyzed for
each individual of group I (exposed) was
(mean= 36.38 & SD + 9.34) higher than
group II (control) (mean= 26.25 & SD +
8.51). The difference was significant (T=
1.74 & P= 0.003) as shown in table (4).

Fig. (11) shows a histogram illustrating
a comparison between group I and group
Il regarding size of the comet tail.

The damage index in 100 cells analyzed
for each individual of group I (exposed)
was (mean= 18.08 & SD + 4.36) higher
than group II (control) (mean= 2.23 & SD
+ 1.71). The difference was significant (T=
16.9 & P= 0.001) as shown in table (5).

Mean of the damage index in both
group I (exposed) and group II (control)
was demonstrated in fig. (12).

DISCUSSION

Health suffers the influence of inherit-
ed, nutritional and environmental factors.
Populations that are intensely exposed to
chemical substances are at risk of muta-
tions, cancer and congenital defects. Occu-
pational agents can induce several types
of cancer such as larynx, skin, urinary
tract, pancreas cancers and leukemias
(Martino et al., 2002).

There has been a great interest in devel-
oping rapid and simple tests to identify
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the effects of exposure to occupational
agents that can affect the health of the ex-
posed individuals due to DNA damage.
Cytogenetic biomarkers are useful as dam-
ages to DNA or to chromosomes resulting
from exposure can be identified (Nerses-
yan, 2005).

All subjects chosen in this work were
non smokers to exclude the effects of this
common confounder that is known to af-
fect chromosomal aberration rates. Some
individuals were ex- smokers one year ago
or more as no significant effects of previ-
ous smoking on the chromosome damage
could be observed by (Knudsen et al.,
1999).

As regard chromosomal analysis, this
work revealed that carpainters have sig-
nificant chromosomal breaks and chro-
matid gaps compared to non exposed in-
dividuals (control). This is consistent with
results of both Silva and Santos, (1996)
and Testa et al., (2005) who found that the
exposed group of automobile painters had
a significant (P< 0.001) higher frequencies
of chromosomal aberrations (CA) {both
chromosome- and chromatid- types}.

Nearby results were found by Knud-
sen et al., (1999) who reported that long
term exposure to urban air pollution in-
duces a significantly higher frequency of
cells with chromosomal aberrations. This
finding was also recorded by Celi and
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Akbas, (2005) who reported that exposed
workers in gasoline stations have a signifi-
cantly (P< 0.01) higher chromosomal ab-
errations compared with control individu-
als.

Chromatid gaps are the result of unre-
paired lesions in DNA. Gaps have both an
upper size limit (the width of two chro-
matids) and a lower size limit (the width
of a chromatid) to avoid recording any
small unstained area in chromosomes as
gaps (Liou et al., 1999).

The frequency of chromosomal aberra-
tions (CA) measured in peripheral lym-
phocytes provides informations about the
cumulative effects of combined exposure
to carcinogens, which is highly associated
with increased cancer risk (Hegmar et al.,
1998). This finding was also recorded by
Tuimala et al., (2005) who stated that ele-
vated levels of chromosomal aberrations
(CA) in peripheral blood lymphocytes
(widely used as a cytogenetic biomarker
of genotoxic effects) have been linked to
cancer predisposition.

Concerning lymphocyte micronucleus
(MN) assay, this work demonstrated
that the exposed carpainters had signif-
icant higher number of micronucleated
lymphocytes than the non exposed per-
sons (control). This was meeting with
Martino et al. (2002 & 2003) who used the
micronucleus test (MN) to detect and
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quantify the occupational genotoxicity in
workers of carpainters and battery repair
garages.

Moreover, Testa et al. (2005) found a
combined significant (P< 0.001) higher fre-
quencies of chromosomal aberrations
(CA), lymphocyte micronuclei (MIN) and
sister chromatid exchanges (SCE) in auto-
mobile painters. This was compatible with
results of this work.

Similarly, Pitarque et al. (2002) used
lymphocyte micronucleus (MN) and sister
chromatid exchange (SCE) as biomarkers
of genotoxic exposure and effect in shoe
factory workers exposed to solvents as
simpler alternative to chromosomal analy-
sis.

Lymphocyte micronucleus (MN) assay
presents great advantages over other tech-
niques: it is applicable on interphase prep-
arations, is a good indicator of chromo-
some mutations, is not invasive and has a
low cost. Its sensitivity is compared to the
analysis of chromatid breaks and exchang-
es (Martino et al., 2003).

Micronuclei harbouring chromosomes
can be distinguished from those harbour-
ing acentric fragments by the presence of a
centromere (Norppa and Falck, 2003).

Regarding the comet assay, this work
revealed that both size of the comet tail

Mansoura J. Forensic Med. Clin. Toxicol.

47

(measured in um of 100 cells analysed for
each individual) and damage index in 100
cells analysed for each individual of the
exposed group were significantly higher
than control. This was in line with results
of Martino et al., (2003) who stated that
the damage index is a very sensitive pa-
rameter and found significant differences
in both the damage index (about 7 times in
carpainters) and size of the comet tail in
carpainters and battery renovation work-
ers. They identified tail length as the dis-
tance of DNA migration from the body of
the nuclear core and it is used to evaluate
the extent of DNA damage.

Also, Fucks et al. (1996) found a signifi-
cant increase in DINA strand breaks and
alkali-labile sites in spray painters after a
week’s work. However, that DNA damage
seemed to be reversible.

In this work, cells were also scored vis-
ually into five classes, according to tail
size (from undamaged-0, to maximally
damaged-4). This agree with Klaude et al.,
(1996) who assigned a value to each com-
et according to each class.

Nersesyan, (2005) stated that comet as-
say is a rapid, non invasive and sensitive
technique to measure sites sensitive to ba-
sic PH (alkali-labile) and DNA breaks. The
alkaline conditions cause the separation of
the paired bases enabling the detection of
simple chain ruptures .
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The result of this study revealed that
positive results in MN assay corresponds
to positive results in the comet assay
which means that the defects are many.
This finding doesn't agree with Martino et
al., (2003) who reported that positive re-
sults in the comet assay don't always cor-
respond to positive results in MN test as
they attributed this to the small period of
exposure to genotoxic agents which result
in small defects.

Testa et al., (2005) stated that the posi-
tives in the comet and MN tests are due to
different mechanisms ; the MN test detects
injuries that survives at least one mitotic
cycle, while the comet assay identifies al-
kali-labile sites. Consequently, the use of
both MN and comet tests is suggested.

Conclusion and Recommendation:

This work makes it clear that car paint-
ers are presented with DNA damage as
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evidenced by increases in chromosornal
aberrations, frequency of cells with mi-
cronuclei and comet assay parameters.
This is due to substances to which they
were exposed at work. Thus, car paint-
ers represent a risk group because chron-
ic occupational exposure to such deriva-
tives considered to posses a genotoxic
risk. So, it is recommended that they
should be followed up with a judicious
periodic examinations using cytogenetic
biomarkers.

Genotoxic evaluation is necessary to
guarantee environmental quality and vc-
cupational health as well as to orient
workers to help in reducing genetic dam-
age and the risk of serious illness.

There is an urgent need to identify the
genotoxic chemicals in the occupational
environment of car painters and to devel-
op satisfactory safety measures.
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Table (1): Incidence and comparison of chromosomal breaks in groups

I&11.
Groups No breaks Breaks
Group I ( exposed) 5 (20%) 20 (80%)
Group II ( control) 19 (76%) 6 (24%)
Z 3.96
P 0.0001*
P < 0.05 significant*.

Table (2): Incidence and comparison of chromatid gaps in groups I & II.

Groups No gaps Gaps
Group I( exposed) 7 (28%) 18 (72%)
Group II( control) 22 (88%) 3 (12%)

Z 4.29
P 0.0001*

P <0.05 significant*.

Table (3): Number of cells with micronuclei among 500 cells analyzed
for each individual.

Groups Group I( exposed) | Group II( control)
X 15.16 2.44
+ SD 4.45 1.99
T 13.04
p 0.0001*

X: mean SD : standard deviation. P < 0.05 significant.
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Table (4): Size of the comet tail in pm of 100 cells analyzed for each

individual. '
Groups Group I( exposed) Group II( control)
X 36.38 26.25
+ SD 9.34 8.51
T 1.74
p 0.003*
X: mean SD : standard deviation. P < 0.05 significant

Table (5): Damage index in 100 cells analyzed for each individual in

comet assay.
Groups Group I( exposed) Group II( control)
X 18.08 2.23
+ SD 4.36 1.71
T 16.9
p 0.001
X: mean SD : standard deviation. P < 0.05 significant
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Fig. (1) : A photomicrograph showing normal chromosomal pattern of
the control group (group II) stained by Giemsa stain (X 100).

Fig. (2) : A photomicrograph showing chromosomal break in the exposed
group (group I) stained by Giemsa stain (X 100).
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Fig. (3) : A photomicrograph showing chromatid gap in the exposed
group (group I) stained by Giemsa stain. (X 100).
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Chromosomal break Chromosomal gap

Fig. (4) : A histogram shows a comparison of the incidence of chromo-
somal breaks and gaps between exposed and control groups.
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Fig. (5) : A histogram shows a comparison of the mean number of micro-
nucleated cells between exposed and control groups.

Fig. (6) : A photomicrograph showing class O (undamaged) score in com-
et assay examined by fluorescence microscope. (X 1000).
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Fig. (7) : A photomicrograph showing class 1 score in comet assay exam-
ined by fluorescence microscope. (X 1000).

Fig. (8) : A photomicrograph showing class 2 score in comet assay exam-
ined by fluorescence microscope. (X 1000).
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Fig. (9) : A photomicrograph showing class 3 score in comet assay ex-
amined by fluorescence microscope. (X 1000).

Fig. (10) : A photomicrograph showing class 4 (maximum damage)
score in comet assay examined by fluorescence microscope.
(X 1000).
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Fig. (11) : A histogram shows the mean size of the comet tail in exposed
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Fig. (12) : A histogram shows the mean of the damage index in the ex-

posed and control groups.
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