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Abstract
Objectives: Paints are complex mixtures of solvents and metals that can induce health damages in workers exposed to 
them. The aim of the present work was to evaluate possible oxidative and genotoxic effects in workers exposed to paints. 
Material and Methods: Peripheral blood and buccal cell samples were collected from 33 workers exposed to paints 
and 29 non-exposed workers (controls) during an ordinary working week (Monday morning and Friday evening). Oxi-
dative markers were assessed using thiobarbituric acid assay, carbonylated proteins, superoxide dismutase and catalase 
activities. Hippuric acid and delta-aminolevulinic acid were determined as biomarkers of toluene and lead exposure, 
respectively. Genotoxicity was measured through comet assay and micronucleus (MN) frequencies. Results: The ex-
posed group showed higher hippuric acid and delta-aminolevulinic acid levels (Friday samples) and lower superoxide 
dismutase activity (Monday samples) in relation to control group. DNA damage index (comet assay) was higher in the 
exposed group, both in Monday and Friday samples, compared to the control group. No differences were observed in 
frequency of micronuclei (MN) between the groups, either in lymphocytes or buccal cells. However, the exposed group 
presented an increase (Monday samples) in nuclear buds frequency in lymphocytes — a marker of gene amplification — 
as well as an increase in condensed chromatin in the buccal cells (Monday and Friday samples), suggesting induction of 
apoptosis. Furthermore, a decrease in the nuclear division index (Friday samples) was observed in the exposed group, 
indicating that paint exposure induces cytostatic effects in lymphocytes. Conclusion: The results suggest that individuals 
exposed to paints have increased levels of DNA damage.
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the present work was to evaluate oxidative stress markers 
and potential genotoxic effects in workers occupationally 
exposed to paints, before the working week (Monday morn-
ing) and after the weekly exposure (Friday evening). Plas-
ma oxidative damages to lipids and proteins were analyzed 
using thiobarbituric acid reactive substances (TBARS) 
and carbonylated proteins (CP) assays, respectively, and 
through the activity of the antioxidant enzymes: superox-
ide dismutase (SOD) and catalase (CAT). Genotoxicity was 
evaluated in peripheral blood (comet assay) and in lym-
phocytes and exfoliated buccal cells (MN assay). Hippu-
ric acid (HA), the main metabolite resulting from toluene 
exposure [3], and urine delta-aminolevulinic acid (ALA), 
a marker for lead exposure [24], were also assayed.

MATERIAL AND METHODS

Ethical issues 
The study was approved by the Ethical Committee of Uni-
versidade de Caxias do Sul. In accordance with the Dec-
laration of Helsinki, all subjects were advised about the 
procedure and signed the informed consent prior to par-
ticipation in this study.

Subjects
The exposed group consisted of 33 men occupationally ex-
posed to paints — for at least 6 months — from metal-me-
chanic industries of Caxias do Sul, RS, Brazil. Twenty-nine 
males, non-exposed and matched by age to the exposed 
group, were chosen for the control group. All of them 
were healthy, non-smokers and were not under any medi-
cation. A personal questionnaire about work and lifestyle 
was answered by all individuals. 

Collection of biological material 
Blood samples were obtained by venipuncture, using va-
cutainers with heparin as anticoagulant. Buccal cells were 
collected with small-headed toothbrushes by rotating 

INTRODUCTION

Paint workers are occupationally exposed to a variety of 
organic solvents, including aromatic hydrocarbons (mainly 
toluene), aliphatic hydrocarbons, ketone, alcohols and es-
ters, and metals such as aluminum, titanium, cobalt, chro-
mium and lead [1–3]. Despite the fact that some of these 
compounds are not considered carcinogenic by the Inter-
national Agency for Research on Cancer (IARC), a mix-
ture of them or some individual metals can contribute to 
increase the risk of cancer [4,5], neurological issues [6], 
hearing loss [7], and hepatic [8] and respiratory [9] dis-
eases. The exact mechanism of such damages is not fully 
understood, but it is known that occupational exposure to 
organic solvents [3,10–12] and some metals [13–15] can in-
duce oxidative stress and DNA damages. Nonetheless, the 
occupational exposure to paints is poorly studied. There 
are some reports about DNA damage induction by paint 
exposure [16–19], however, it was also demonstrated that 
paint/organic solvents exposure was not able to induce 
mutagenic effects in paint workers [3,20].
A wide range of methods is currently being used for detect-
ing early biological effects of DNA-damaging agents in oc-
cupational settings. The single cell gel electrophoresis or 
comet assay has been proven to be a sensitive method for 
investigating DNA damage in human biomonitoring. The 
comet assay detects strand breaks, alkali-labile sites, DNA 
crosslinking, and incomplete excision repair [21]. These 
damages could, or could not be repaired [3]. Another well-
established cytogenetic technique to assess DNA damage in 
occupational exposure is the micronucleus (MN) test [22]. 
This cytogenetic mutational test detects historical accumu-
lation of mutagenic events and does not require metaphasic 
cells. It is a valuable tool for studying the most important 
occupational and environmental hazard to public health [3].
A previous work from our group showed that even using 
protective personal equipment (PPEs), workers handling 
anti-tumoral drugs presented genotoxic damages, which 
varied along the working week [23]. Therefore, the aim of 
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chromatography (HPLC) with a K 2501 UV/VIS detector 
operated by Eurochrom 2000 software (Knauer, Berlin, 
Germany). The 225 nm wavelength was chosen accord-
ing to Laffon et al [29]. The chroma tographic separa-
tion was achieved using a reversed-phase column Euro-
spher-100 150×4 mm with 5-μm particle size. The mobile 
phase consisted of a mixture of KH2PO4 25 mM in acetic 
acid 1% — acetonitrile (90:10, v/v) with pH = 3.5. The flow 
rate was 0.8 ml/min, and the analyses were performed un-
der ambient temperature. Total run time was 30 min. Re-
sults were expressed as g/g of creatinine. Analysis of uri-
nary ALA was carried out spectrophotometrically through 
Ehrlich’s reagent [24]. Results were expressed as mg/g 
of creatinine. Creatinine concentration was measured by 
spectrophotometry, using a routine laboratory kit (Doles 
Reagentes, Goiânia, GO, Brazil). 

Gentoxicity assays
Single cell gel electrophoresis or comet assay was per-
formed to assess potential genotoxic effects in the ex-
posed group. Blood samples were transported to the 
laboratory under refrigeration (10 to 20°C) and pro-
cessed immediately. A standard protocol was adopted 
for comet assay preparation and analysis [30]. Slides 
were prepared by mixing 5 μl whole blood and 95 μl low 
melting point agarose (0.75%) (Pronadisa). The mixture 
was poured onto a frosted microscope slide coated with 
normal melting point agarose (1.5%) (Agargen). After 
solidification, the coverslip was removed and the slides 
were placed in lysis solution [2.5 M NaCl, 100 mM eth-
ylenediaminetetraacetic acid (EDTA) and 10 mM Tris, 
pH = 10.0–10.5, with freshly added 1 ml Triton X-100 
and 10% dimethyl sulfoxide, all from E. Merck] for 
a minimum period of 1h and a maximum of 5 days. Sub-
sequently, the slides were incubated in freshly made 
alkaline buffer (300 mM NaOH and 1 mM EDTA, 
pH = 12.6, both from E. Merck) for 10 min. The DNA 
was electrophoresed for 20 min at 25 V (0.9 V/cm) 

them 20 times in a circular motion, starting from a central 
spot and gradually increasing in circumference to produce 
an outward spiral effect. Both cheeks were sampled. Urine 
samples were collected into a plastic container without 
preservatives. Blood and oral cells were taken on Monday 
in the early morning and on Friday evening. Urine samples 
were collected on Friday evening. The samples were re-
frigerated and immediately transported to the laboratory.

Biochemical analysis
Oxidative lipid damages were measured spectrophotomet-
rically by the concentration of the TBARS [25]. Results 
were expressed as nmol/mL. The oxidative damage to pro-
teins was assessed by determining carbonyl groups based 
on the reaction with 2,4-dinitrophenylhydrazine (DNPH) 
(E. Merck), as previously described [26]. Results were ex-
pressed as nmol/mg of protein. SOD activity was deter-
mined by measuring the inhibition of the rate of auto-cata-
lytic adrenochrome formation at 480 nm, in a reaction me-
dium containing 1 mM adrenaline (pH = 2.0) and 50 mM 
glycine (pH = 10.2) (both from E. Merck), as described 
by Bannister and Calabrese [27]. The reaction was con-
ducted at 30°C for 3 min. Results were expressed as units/g 
of protein. One unit was defined as the amount of en-
zyme that results in 50% inhibition of the rate of adreno-
chrome formation. CAT activity was measured according 
to the method described by Aebi [28]. The assay principle 
is based on determining the rate of hydrogen peroxide 
(H2O2, E. Merck) decomposition at 240 nm. The reaction 
was conducted at 30°C for 1 min. Results were expressed 
as units/g of protein. One unit is defined as the amount 
of enzyme that decomposes 1 μmol H2O2 per minute at 
pH = 7.4 and 30°C. Total protein levels were measured 
by the Biuret method (Bioclin, K 031, Brazil) for spectro-
photometric determination at 545 nm. Results were ex-
pressed as mg/dl of plasma. All of these oxidative stress 
markers were analyzed in plasma samples. HA quantifica-
tion was performed in urine by high performance liquid 
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microscopy at a magnification of 200–1000x, according 
to Fenech [22]. Calculation of the nuclear division index 
(NDI) was made according to Fenech [22], following the 
formula:

 NDI = (M1+2M2+3M3+4M4)/500 (1)
where M1–M4 represents the number of cells with 1–4 nuclei 
and N is the total number of viable cells scored.

For the MN assay in buccal cells, the heads of the brush-
es used to collect the samples were individually placed 
into separate tubes containing 20 ml of buccal cell buf-
fer (BC, 0.01 M Tris-HCl, 0.1 M EDTA tetra sodium 
salt, 0.02 M sodium chloride, all from E. Merck) at 
pH = 7.0. Cells of both right and left cheeks were mixed 
and centrifuged for 10 min at 1500 rpm. The superna-
tant was removed and replaced by 10 ml of fresh BC buf-
fer. Cells were spun and washed other three times. One 
sample was applied to clean microscope slides and fixed 
with methanol absolute. The slices were stained with 
Giemsa 5%. The criterion of scoring cells with MN and 
other anomalies was the same as described by Thomas 
et al. [31]. We scored one thousand cells for each sam-
pling. Results were expressed as the frequency of abnor-
mal cells per 1000 cells.

Statistical analysis
The results were presented as mean plus standard er-
ror. Comparisons between groups were performed using 
ANOVA and Tukey’s post-hoc test. Relation between vari-
ables was assessed with Pearson’s correlation coefficient. 
SPSS version 12.0 (SPSS, Chicago, IL) was used in all sta-
tistical analyses.

RESULTS 

Characteristics of the study population
The main characteristics of the exposed group are shown 
in Table 1. No difference between the age of the exposed 
(36.94±11.69 years) and the control group (39.14±7.53 

and 300 mA, and the buffer was neutralized with 0.4 M 
Tris (pH = 7.5). Finally, DNA was stained with silver 
nitrate, and the slides were coded for blind analysis. 
The electrophoresis procedures and the efficiency for 
each electrophoresis run were checked using negative 
and positive internal controls consisting of whole human 
blood collected in the laboratory: the negative internal 
control being whole blood and the positive internal con-
trol whole blood mixed with methyl methanesulfonate 
(M4016/Sigma, St. Louis, MO) to 8×10–5 M final con-
centration. This mixture was incubated at 37°C for 2 h. 
Images of 100 randomly selected cells (50 cells from 
each of two replicated slides) were analyzed from each 
sample. Each electrophoresis run was considered valid 
only if the negative and positive controls yielded the 
expected results. The damages were visually scored ac-
cording to tail size into five classes, from no tail (0) to 
maximal (4) long tail, resulting in a single DNA damage 
score for each subject and, consequently, for each study 
group. Therefore, a group damage index (DI) could 
range from 0 (all cells with no tail, 100 cells ×0) to 400 
(all cells with maximally long tails, 100 cells ×4). 
To assess possible mutagenic effects, MN assay was per-
formed in binucleated lymphocytes and buccal cells. 
Lymphocyte cultures were set up by adding 0.3 ml blood 
to 5 ml standard culture RPMI 1640 medium (Nutricell, 
Campinas, SP, Brazil) containing 20% fetal calf serum 
and 1% (v/v) phytohemaglutinin. Two cultures per subject 
were established. The flasks were cultured at 37°C for 44 h 
before adding 5 μg/ml of cytochalasin B (Sigma), and in-
cubation was continued until reaching total time of 72 h. 
After incubation, lymphocytes were harvested by centrifu-
gation at 800 rpm for 5 min and fixed in methanol:acetic 
acid (3:1), without hypotonic treatment, and dropped onto 
clean slides. Staining was performed with Giemsa 5% 
(pH = 6.7). One thousand binucleated lymphocytes per 
sampling were scored for the presence of MN, nucleo-
plasmic bridges (NPBs) and nuclear buds (NBUDs) with 
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exposed to paints had lower SOD (p = 0.003) in Monday 
samples (Table 2).

years) was observed. The exposed group had been work-
ing with painting for 0.5 to 26 years with a daily paint expo-
sure of 1 to 12 h. None of the workers reported the wear-
ing of complete personal protective equipment — PPE 
(mask, gloves, protective clothes and glasses), 39.4% of 
the workers reported having worn three PPEs (mask, 
gloves and protective clothes) and 60.6% of them report-
ed wearing of only one or two of the PPEs mentioned. 
No differences were observed in relation to drinking 
and eating habits between the exposed and non-exposed 
groups (data not shown). 

Biochemical assays
The exposed group did not show any significant increase 
in TBARS levels in relation to the control group (Table 2 
and Figure 1). However, in the exposed group, lipid dam-
ages were higher in Friday samples than in Monday sam-
ples (p = 0.027). In addition, it was observed that workers 

Table 2. Oxidative stress markers in Monday and Friday samples from the control (N = 29) and exposed (N = 33) groups

Group Day TBARS (nmol/ml)

Carbonylated 
proteins 

(nmol DNPH/ 
mg proteins)

Superoxide dismutase 
(U SOD/g proteins)

Catalase 
(U CAT/mg proteins)

Control group Monday samples
mean±SE 5.46±0.18 11.12±0.91 3.56±0.49 2.41±0.36
min–max 3.43–7.09 2.95–19.50 0.29–10.21 0.57–4.85
Friday samples
mean±SE 5.76±0.13 7.71±0.68* 3.22±0.43 1.63±0.19
min–max 3.73–6.91 3.18–13.64 0.72–8.81 0.00–3.27

Exposed group Monday samples
mean±SE 5.22±0.33 9.39±0.88 1.71±0.25** 2.60±0.59
min–max 1.55–10.24 2.05–23.41 0.08–6.75 0.00–6.08
Friday samples
mean±SE 6.20±0.27* 8.88±0.39 2.23±0.33 2.54±0.38
min–max 4.41–10.50 4.77–13.41 0.12–6.38 0.29–5.84

SE — standard error.
* Values significantly different from Monday samples in the same group by ANOVA, Tukey’s post-hoc test; p ≤ 0.05.
** Values significantly different from control group by ANOVA, Tukey’s post-hoc test; p ≤ 0.05.

Table 1. Characterization of the exposed group (N = 33)

Characteristic Value
Age (years)

mean±SE 36.94±2.03
range 18–61

Average working time (years)
mean±SE 9.10±1.35
range 0.50–26.00

Daily paint exposure time (hours)
mean±SE 5.60±0.54
range 1–12

Use of individual protection equipment (PPE) (%)
use of mask, gloves and protective clothes 39.40
use of one or two of the PPE mentioned above 60.60

SE — standard error.
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wore three PPEs (mask, gloves and protective clothes) 
presented DNA damage class four in the comet assay 
(data not shown). Positive correlation between DNA 
damage index and age (Friday samples, r = 0.371; 
p = 0.034) was observed.
No statistical difference was detected in lymphocyte 
(Table 5) and buccal cell (Table 6) MN frequency be-
tween the exposed and control groups. However, an 
increase in NBUD (Monday samples, p = 0.024) and 
a decrease in NDI (Friday samples, p = 0.000) were 
observed in binucleated lymphocytes of the exposed 
group (Table 5). Buccal cells of the exposed group 
showed higher condensed chromatin cells frequency 
both in Monday and Friday samples (Monday sam-
ples, p = 0.000; Friday samples, p = 0.000) (Table 6). 
Although no increase in MN frequency was observed, 
a positive correlation between MN frequency in lym-
phocytes and daily exposure time was found (Monday 
samples, r = 0.433; p = 0.024). Furthermore, the daily 
exposure time was positively correlated to NBUD fre-
quency (r = 0.420; p = 0.029). Positive correlations be-
tween NBUD and NPB (Monday samples, r = 0.640, 
p = 0.000) were also observed.

According to Brazilian regulation [32], HA and ALA 
levels in the exposed group were within normal va-
lues (HA up to 1.5 g/g creatinine; ALA up to 4.5 mg/g 
creatinine). However, it is important to mention that 
both HA and ALA were higher in the exposed group 
(HA: p = 0.025; ALA: p = 0.000) (Table 3). A positive 
correlation was observed between HA concentration 
and time of daily paint exposure (r = 0.420; p = 0.015).

Genotoxicity assays
A genotoxic effect (comet assay) was found in the 
exposed group both in Monday and Friday samples 
in relation to the control group (Monday samples, 
p = 0.000; Friday samples, p = 0.000). In the exposed 
group, the DNA damage index in Friday samples 
was higher than in Monday samples (p = 0.033) (Ta-
ble 4). DNA damage classes one (Monday samples, 
p = 0.000; Friday samples, p = 0.000) and two (Mon-
day samples, p = 0.000; Friday samples, p = 0.000) in 
the exposed group were higher than those observed in 
the control group, which showed a higher frequency of 
undamaged DNA (Table 4). None of the workers who 

Fig. 1. Individual TBARS values in control (A)  
and exposed (B) groups.

Table 3. Hippuric acid and delta-aminolevulinic acid  
in control group (N = 29) and exposed group (N = 33)  
in Friday samples

Group Hippuric acid
(g/g creatinine)

Delta-aminolevulinic 
acid

(mg/g creatinine)
Control group

mean±SE 0.25±0.03 0.76±0.07
min–max 0.01–0.69 0.40–2.47

Exposed group
mean±SE 0.52±0.08 1.63±0.14
min–max 0.20–1.58 0.11–2.84

SE — standard error.
* Values significantly different from control group by ANOVA, Tukey’s 
post-hoc test; p ≤ 0.05.
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Table 4. DNA damage index (comet assay) and frequency (%) of the different classes of DNA damage in Monday and Friday 
samples from the control (N = 29) and exposed (N = 33) groups

Group Day
DNA damage 

index (comet assay) 
(Arbitrary units)

Undamaged 
cells

Damage class

one two three four

Control 
group

Monday samples
mean±SE 34.04±2.29 66.03±2.18 33.79±2.16 0.17±0.14 0.00±0.00 0.00±0.00
min–max 14.00–62.00 39.00–86.00 14.00–60.00 0.00–4.00 0.00–0.00 0.00–0.00
Friday samples
mean±SE 30.11±2.08 68.69±2.58 31.38±2.61 0.31±0.12 0.00±0.00 0.00±0.00
min–max 9.00–15.00 22.00–91.00 9.00–78.00 0.00–3.00 0.00–0.00 0.00–0.00

Exposed 
group

Monday samples
mean±SE 61.48±3.09 43.30±2.34** 51.33±2.03** 4.15±0.69** 0.45±0.28 0.12±0.12
min–max 24.00–112.00 23.00–76.00 24.00–74.00 0.00–17.00 0.00–8.00 0.00–4.00
Friday samples 
mean±SE 71.42±2.77*(**) 35.76±1.93*(**) 57.79±1.75** 5.70±0.71** 0.73±0.36 0.03±0.03
min–max 38.00–118.00 15.00–63.00 36.00–81.00 0.00–15.00 0.00–9.00 0.00–1.00

SE — standard error.
* Values significantly different from Monday samples in the same group by ANOVA, Tukey’s post-hoc test; p ≤ 0.05.
** Values significantly different from control group by ANOVA, Tukey’s post-hoc test; p ≤ 0.05.
The cells were assessed visually and received scores from 0 (undamaged) to 4 (maximally damaged), according to the size and shape of the tail [3]. 

Table 5. Frequencies of micronuclei, nuclear buds and nucleoplasmic bridges, and nuclear division index in lymphocytes  
in Monday and Friday samples from the control (N = 29) and exposed (N = 27) groups

Group Day Micronuclei / 1000 
binucleated cells

Nuclear buds / 1000 
binucleated cells

Nucleoplasmic 
bridges / 1000 

binucleated cells

Nuclear division 
index***

Control group Monday samples
mean±SE 2.55±0.17 1.76±0.19 1.28±0.20 1.23±0.01
min–max 1.00–4.00 0.00–4.00 0.00–4.00 1.10–1.40
Friday samples
mean±SE 2.93±0.26 2.93±0.31 1.28±0.16 1.92±0.06*
min–max 0.00–6.00 0.00–6.00 0.00–3.00 1.10–2.37

Exposed group Monday samples
mean±SE 2.93±0.24 2.93±0.31** 1.93±0.35 1.42±0.07
min–max 1.00–5.00 0.00–7.00 0.00–7.00 1.10–2.19
Friday samples
mean±SE 2.89±0.25 3.19±0.35 1.70±0.35 1.41±0.07 **
min–max 1.00–5.00 0.00–6.00 0.00–5.00 1.09–2.15

SE — standard error.
* Values significantly different from Monday samples in the same group by ANOVA, Tukey’s post-hoc test; p ≤ 0.05.
** Values significantly different from control group by ANOVA, Tukey’s post-hoc test; p ≤ 0.05.
*** The nuclear division index (NDI) was calculated following the formula: NDI = (M1+2M2+3M3+4M4)/500, where M1–M4 represent  
the number of cells with 1–4 nuclei and N is the total number of viable cells scored.
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levels [13,15,36,37]. However, the effects induced by the 
mixture of them are still controversial. 
Increase in TBARS levels in the exposed group in relation 
to the control group was not observed. However, Friday 
samples from the exposed group presented higher levels 
of TBARS than those observed in Monday samples, show-
ing an increase in oxidative lipid damages during the week 
(Table 2) probably due to the exposure to paints.
Antioxidant enzymes are important to counteract the dam-
ages induced by oxidative stress. The first line of enzymatic 
defence includes the action of SOD and CAT. SOD cata-
lyzes the superoxide anion dismutation to H2O2 and CAT 
catalyzes the decomposition of H2O2 to water [38]. In our 
work, we observed a decrease in SOD activity in the ex-
posed group in relation to the control group in Monday 

DISCUSSION

Biological monitoring of exposure to deleterious chemi-
cals is important in the evaluation of risks to human health 
and it is considered a strategy to improve conditions of 
occupational safety. In this sense, the present work evalu-
ated possible toxic effects in individuals occupationally 
exposed to paints. Paints contain a heterogeneous group 
of chemicals that are difficult to classify because manu-
factures often fail to disclose the complete composition of 
their products. However, according to the labels, the stud-
ied workers were exposed to toluene, xylene, ethylben-
zene, butyl and ethyl acetate, acetone, methyl isobutyl ke-
tone, titanium, aluminum, lead, cobalt, and chromium. It 
is already known that these compounds can induce DNA 
damages [15,33–35] and an increase in oxidative stress 

Table 6. Frequency of micronuclei, nuclear buds, binucleated, pyknotic, karyolitic, karyorrhetic and condensed chromatin cells in 
buccal cells in Monday and Friday samples from the control (N = 29) and exposed (N = 27) groups

Group Day Micronuclei 
/ 1000 cells

Nuclear buds 
/ 1000 cells

Binucleated 
cells / 1000 

cells

Pyknotic cells 
/ 1000 cells

Karyolytic 
cells / 1000 

cells

Karyorrhetic 
cells / 1000 

cells

Condensed 
chromatin 
cells / 1000 

cells
Control 

group
Monday samples

mean±SE 1.52±0.23 0.28±0.11 10.52±1.41 0.79±0.25 26.93±3.02 12.79±1.98 6.41±0.82

min–max 0.00–4.00 0.00–2.00 3.00–31.00 0.00–6.00 5.00–62.00 0.00–54.00 0.00–18.00

Friday samples

mean±SE 1.97±0.26 0.38±0.16 6.45±4.92* 1.86±0.52 40.66±3.87* 12.10±1.99 3.83±1.18

min–max 0.00–5.00 0.00–4.00 1.00–21.00 0.00–12.00 11.00–96.00 1.00–47.00 0.00–31.00

Exposed 
group

Monday samples

mean±SE 1.96±0.25 0.41±0.57 9.30±5.53 1.04±0.26 26.07±3.54 10.44±1.78 18.74±2.35**

min–max 0.00–4.00 0.00–2.00 0.00–22.00 0.00–5.00 10.00–79.00 0.00–31.00 1.00–47.00

Friday samples

mean±SE 1.44±0.21 0.22±0.08 7.41±4.41 0.56±0.20 36.30±3.39 8.22±1.13 18.63±2.38**

min–max 0.00–4.00 0.00–1.00 0.00–17.00 0.00–5.00 14.00–83.00 0.00–22.00 1.00–46.00

SE — standard error.
* Values significantly different from Monday samples in the same group by ANOVA, Tukey’s post-hoc test; p ≤ 0.05.
**Values significantly different from control group by ANOVA, Tukey’s post-hoc test; p ≤ 0.05.
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chromosome rearrangement, and the NDI index is a bio-
marker of the proliferative status of the viable cell frac-
tion [22]. An increase in NBUD frequency was observed in 
binucleated lymphocytes of the exposed group in Monday 
samples compared to Monday samples of the control group 
(Table 5), suggesting chromosomal damage and/or a DNA 
instability status in this group [22]. Shimizu et al. [45] 
showed that the amplified DNA of mammalian cells was 
selectively localized to specific sites at the periphery of the 
nucleus and eliminated via nuclear budding. However, the 
duration of the nuclear budding process remain unknown. 
The positive correlation between NBUD frequencies and 
daily exposure time (Friday samples; r = 0.420; p = 0.029) 
suggests that this abnormality could be induced by the ex-
posure to the complex mixture of compounds present in 
paints. In fact, an increase in NBUD frequency in workers 
exposed to polycyclic aromatic hydrocarbons has already 
been reported [11]. A decrease in NDI in Friday samples 
was also found in the exposed workers (Table 5), suggest-
ing a possible cytostatic effect induced by paints and/or 
a delay in the cellular division process in order to better 
repair their DNA damages [46]. This is the first work to 
explore this kind of nuclear abnormalities in painters, and 
the biological meaning of these findings should be better 
evaluated.
Among the different analytical procedures available, the 
biomonitoring assays using exfoliated cells from the buc-
cal mucosa has shown its utility for the evaluation of geno-
toxic damage [47]. It has been already suggested [48] that 
to study DNA damages due to occupational exposure to 
toxic agents, it seems necessary to use both lymphocytes 
and buccal exfoliated cells. Besides, evaluation of MN, 
exfoliated cells of mucosa also provides evidence of oth-
er nuclear abnormalities, such as NBUDs (small nuclei 
linked to the nucleus by a narrow or wide stalk of nucleo-
plasmic material), binucleated cells (presence of two nu-
clei within a cell), pyknotic cells (small shrunken nucleus 
with a high-density material), karyolytic cells (nuclear 

samples (Table 2). It is known that both solvents and met-
als can generate oxidative stress [39–42], which could be 
partially reduced by these enzymes. The decrease in SOD 
activity observed in this work suggests the formation of 
superoxide radical by paints, which possibly depleted the 
enzyme. 
Organic solvents [3,12,42], metals [13–15] and 
paints [2,16,17] can also induce DNA damages. In fact, 
in the present work, an increase in DNA damages (comet 
assay) was observed in workers exposed to paints in both 
Monday and Friday samples. In the exposed group, these 
damages were higher in Friday samples than in Monday 
samples (Table 4). It is reasonable to suggest that the 
weekend is important to reduce, at least in part, the dam-
ages induced by paints. 
On the other hand, no increase was observed in micro-
nuclei levels in the exposed group (Table 5), showing that 
the DNA damages detected through comet assay were 
being repaired. Although many works have shown an in-
crease in micronuclei frequency in painters [17–19] an-
other work [20] has already reported no differences in this 
cytogenetic parameter in workers exposed to paints, which 
agrees with our results. Furthermore, a study on human 
lymphocytes showed that some solvents found in paints 
(toluene, benzene and acetone) were unable to induce 
formation of micronuclei [43]. 
Positive results in the comet assay do not always corre-
spond to positive results in the MN tests, especially when 
the exposure to genotoxic agents is small. The comet as-
say usually detects more damages than the MN test [44]. 
While MN assay detects injuries that survive for at least 
one mitotic cycle, comet assay identifies reparable injuries 
or alkali-labile sites [3]. Consequently, it is important to 
use both tests to get more reliable results [17].
Besides the detection of MN, this technique also allows the 
checking of other endpoints of genotoxin-exposed popula-
tions, such as NBUDs, NPBs and NDI. NBUDs are a bio-
marker of gene amplification, NPBs provide a measure of 
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presence of DNA abnormalities should be better evaluat-
ed in order to establish their biological importance to the 
workers’ health. Both comet and MN assays have shown 
to be very sensitive tests to measure DNA damages and 
could be used to improve the monitoring of paint workers. 
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