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Abstract

In parallel with industrial advancements, numberthaf
occupational diseases secondary to chemical expdsur
increasing. The chemical agents in the work pladfest
various organ and tissue systems, leading to obroni
diseases. Therefore, the aim of this work wasudysthe
effect of the smoking and the exposure to paints on
human fertility. In this study, a hundred and fosix

1. Introduction

In parallel with industrial advancements, the
number of the occupational diseases
secondary to chemical exposure is increasing.
This work environment usually contains a
large number of chemicals, which may be
inhaled and absorbed by the body, a process
which can affect various organ and tissue
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male painters diagnosed with occupational diseases
related to paints exposure in Damietta were incudie
addition, forty of the healthy non-exposed and non-
smoker males with the same age range as that of the
painters were used as controls. The painters were
classified into non-smokers and smokers. The non-
smokers were either exposed to paints for less 1fan
years (Gll) or for more than 15 years (GlIl) anct th
smoker painters were either exposed to less (GWV) o
more than 15 years (GV). In sera of all paintereugs

the mea levels of testosterone were lowered thanah

the control. On the other hand, the levels of dstia
(E2) in sera of all painters, groups were elevdtezh

that of the control, especially in Glll and V. Alsthe
mean activities of superoxide dismutase (SOD),
glutathione reductase (GSH-Rd) and catalase were
inhibited in sera of all painters than that of duntrol.
Furthermore, the mean levels of blood reduced
glutathione (GSH) in GII-V were lowered than thdt o
the control. The total antioxidant (TAO) was lowerie
GlI-V than that of the control. On the other hatige
mean levels of nitric oxide (NO) in sera of the sam
groups were elevated than that of the control gré\s
was expected, the mean levels of malondialdehyde
(MDA) in the red blood cells of GlI-V were elevated
than that of the control group. In conclusion, thsults

of this study illustrated that paints, exposure can
participate in male infertility possibly via hormainand

free radical mediated mechanisms.
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systems leading to chronic diseases (Yilmaz
et al., 2012).

1.1 Paints and sex hormones

In the last few years, there has been a growing
interest and concern for the study of a
heterogeneous group of environmental
chemicals which may act as endocrine
disruptors (EDCs) (Harding et al., 2006). Many
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EDCs are classified as “xenoestrogen”
because their action mimics that of estrogen
hormones (Zhou et al., 2009). Multiple lines of
evidence from several animal studies indicate
that exposure to certain EDCs may drastically
alter functional properties of the reproductive,
immune, neurologic and endocrine systems
(Fusani et al., 2007; Grandjean et al., 2008).

1.1. Paints and oxidative stress

Free radicals and anti-oxidants often play a
useful role in cellular signaling. The oxidative
balance can be disturbed by several adverse
effects including environmental and/or
occupational conditions. Oxidative process
follow a pro-oxidants mediated mechanism
which induce cell death by apoptosis or
necrosis via their interacting with cellular
unsaturated lipids, proteins, and DNA
(Lykkesfeldt, 2007; Basu, 2010).

In this area of study, Ghaffari et al. (2012)
observed a significant decrease in sperm
motility and a significant increase MDA, nitrite,
and nitrate concentrations in the sperm of
normozoospermic smokers in comparison with
non-smoker men. In humans, spermatozoa
generate reactive oxygen species (ROS)
which are known to affect hyper activation of
spermatozoa, the acrosome reaction, and the
attachment of spermatozoa to oocytes thereby
contributing to the fertilization of oocytes
(Makker et al., 2009; Abd-Elmoaty et al., 2010)

In 2005, Coskun et al, reported that
occupational exposure to high concentrations
of solvents induce reduction in GSH, SOD,
and glutathione peroxidase (GSH-Px).
Similarly to organic solvents of paints, lead,
another constituent of paints, is involved in the
mechanism of oxidative stress (Pande and
Flora, 2002).

Generally, human spermatozoa are vulnerable
to oxidative stress, a finding which was
supported by Baker and Aitken (2005) who
demonstrated that catalase could support the
motility of human spermatozoa. Because
spermatozoa have discarded most of their
cytoplasm during the final stages of
spermatogenesis, the availability of
cytoplasmic defensive enzymes is limited and,
therefore, these cells in particular are
susceptible to ROS and lipids peroxidation of
spermatozoa plasma membranes (Aitken and
De luliis, 2007; Shamsi et al., 2010).

The latter process can participates in

abnormal sperm concentrations, loss of their
motilities, abnormalities of their morphology
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and finally loss of fertility (Desai et al., 2010;
Neagu et al., 2011).

NO is a free radical and a highly reactive
central mediator in biological systems which is
generated by NO synthase (NOS) (Barnes et
al., 2010). Several studies have shown that
this enzyme is associated with acrosome and
tails of human sperm and it appears to be
involved in sperm motility and acrosomal
reaction that are the main factors in fertilization
process (Herrero et al., 2000).

Aljhni et al. (2012) showed that, ROS and NO
are implicated in the steroid hormones binding
to albumin thus affecting free hormonal
fractions a phenomenon which can explain
somewhat the pathophysiological role of free
radical in different steroid-hormones related
diseases including human infertility.

Several reports support the negative effect of
cigarette smoke on sperm motility in a
concentration- and time-dependent manner
(Hung et al., 2007; Calogero et al., 2009; Hung
et al, 2009). However, the literature
concerning the effects of cigarette smoking on
sperm MDA, nitrite, and nitrate concentration
in fertile smoking men is limited. Therefore, the
aim of this work was to study the effect of the
smoking and the exposure to paints on human
fertility.

2. Subjectsand M ethods

2.1. Subjects

This study was conducted on 146 male
painters with an age range of 16 - 58 years.
The blood samples were collected from
painters from Elshoaraa, Elsinania and
Elrawda regions, Damietta Governorate,
Egypt. A group of 40 healthy males in the
same age range were taken as controls. All
individuals know the nature of the research
and gave samples with consent.

The 146 painters were classified into non-
smokers and exposed to paints less than 15
years (Gll) and more than 15 years (Glll) and
smokers and exposed to paints less than 15
years (GIV) and more than 15 years (GV).

2.1.2. Preparation of the blood samples

5.0 ml of venous blood were collected in a
tube containing ethylene diamine tetra-acetic
acid (EDTA) disodium salt from each painter
and control subject. 0.5 ml of whole blood was
used for GSH determination and GSH-Rd
assay, 1.0 ml was refrigerated immediately in
ice for malondialdehyde (MDA) determination,
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0.5 ml was used for estimating haemoglobin
level and counting the blood cells and the
remaining 3.0 ml were centrifuged at 3000 rpm
for 10 min and the plasma samples were then
collected, aliquoted and either directly used or
stored at - 80 °C for the other assays.

2.2. Methods
a- Enzyme-linked immuno-sorbent assay
(ELISA):A one-step enzyme linked

immunosorbent assay (ELISA) was used for
determination of testosterone according to the
method of (Marcus 1985; Joshi et al., 1979;
Ekins, 1998). Also, E2 was determined by
ELISA according to the method of (Tsang et
al., 1980; Gore-langton and Armstrong, 1988).

b- Colourimetric assays: NO level was
determined by the method of Montgomery et
al. (1961) and the total TAO activity was
measured according to the method of
Koracevie et al. (2001). In addition, GSH-R
activity was determined by the method of
Goldberg and spooner (1985), SOD activity
was determined by the method of Dechatelet
et al. (1974) and catalase activity was
determined by the method of Aebi (1984).
GSH in the blood was determined by the
method of Beutler et al. (1963) and MDA level
was determined by the method of Stocks and
Donnandy (1971).

3. Results

The mean levels of serum testosterone of the
non-smoker painters (Gll and GlII) were highly
significantly — decreased (p<0.001) when
compared with that of the healthy control.
Also, serum testosterone levels of the smoker
painters groups were highly significantly
decreased (p<0.001) than that of the control
(Table 1). In addition, the smoking status does
not affect any of the serum testosterone levels.

On the other hand, the level of serum E2
hormone of non-smoker painters (Gll and GllI)
was highly significantly elevated (p<0.001)
than that of the control group. Also, the serum
levels of E2 of the smoker painters (GIV and
GV), were highly elevated than that of the
healthy control (p<0.001) (Table 1).

The mean activity of serum SOD of the
painters groups (Gll, IIl, IV and V) were highly
significantly decreased (p<0.001) when
compared with that of the healthy control
(Tables 2 & 3). In addition, in the smoker
painters (GV) serum SOD activity was highly
significantly reduced when compared with that
of non-smoker painters (GllI & Ill) (p<0.001).
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On the other hand, the mean levels of MDA
and NO of the painters groups (GlI, 1lI, IV and
V) were highly significantly increased
(p<0.001) when compared with that of the
healthy control group. Also, the results showed
that the smoker painters (GV) have a
significant increase in MDA level (p<0.05) and
a very significant increase (p<0.01) in NO level
than the non-smoker painters (Gll) (Tables 2 &
3).

The levels of erythrocytes GSH of the painters
groups (GlI, lll, IV and V) were highly
significantly — decreased (p<0.001) when
compared with that of the healthy control.
Moreover, the results showed that the smoker
painters (GV) have a significant decrease in
GSH level (P<0.05) than the non-smoker
painters (Gll) (Tables 2 & 3).

The obtained results revealed that the mean
serum activities of catalase and GSH-R of the
painters groups (GlI, IIl, IV and V) were highly
significantly — decreased (p<0.001) when
compared with that of the healthy control
group. Also, the results showed that the
smoker painters (GV) have a highly significant
decrease in the activities of catalase and
GSH-R (P<0.001) than the non-smoker
painters (Gll) (Tables 2-5).

Moreover, the mean levels of the serum TAO
of the painters groups (GlI, Il and 1V) were
significantly decreased (p<0.05) and (GV)
were very significantly decreased (p<0.01)
when compared with that of the healthy
control. Also, the results showed that the
smoker painters (GV) have a significant
decrease in the serum TAO levels (p<0.01)
than the non-smoker painters (Gll) (Table 4 &
5).

4, Correélation

1-Nitric oxide and antioxidants: nitric oxide has
a negative correlation with catalase (r=-0.19,
p<0.0004), GSH-Rd (r=-0.23, p=0.0174), total
antioxidants (r=-0.23, p<0.0073), GSH (r=-
0.55, P<0.001) and SOD (r=-0.39, p<0.001).
On the other hand nitric oxide was positively
correlated with MDA (r=0.26, p=0.0013) Figure
1.

2-Nitric oxide and hormones: estradiol has a
positive correlation with nitric oxide (r=0.29,
p<0.0028) Figure 2.

3-Antioxidant and hormones: catalase was

positively correlated with testosterone (r=0.23,
p<0.0074). On the other hand, catalase was
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negatively correlated with estradiol (r=-0.19,
p=0.0444) Figure 3.

Figure 1: The negative correlation of nitric oxide
with GSH and nitric oxide with SOD
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5. Discussion

The work environment usually contains a large
number of chemicals, which may be inhaled
and absorbed by the body. Painters are
exposed to an extensive variety of hazardous
substances, such as organic solvents, lead-
containing pigments, and residual plastic
monomers.

Figure 2: The negative correlation of nitric oxide
with catalase and the positive correlation of nitric
oxide with estradiol
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Figure 3: The positive correlation of testosterone
with catalase and the negative correlation of
estradiol with catalase
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In the present study, there was an extremely
significant decrease (p<0.001) in the mean
level of male sex hormone (testosterone) of
the non-smoker painters (Gll & IlI) (40.8%,
51.2%) and smoker painters (GIV & V) (44.6%
& 51.5%) when compared to that of the control
group, respectively. On the other hand, the
results showed that the mean level of female
sex hormone (estradiol, E2) has an extremely
significant increase (p<0.001) in serum of non-
smoker painters (group Il & IlII) (97.1% &
138.2%) and in serum of smoker painters
(group IV & V) (117.8% and 147.6%), Table
(). Normally, LH stimulates the testis to
produce testosterone which stimulates
testicular spermatogenesis (Champ et al.,
2005).
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Table 1: The mean serum levels of testosterone and E2 of non-smoker and smoker painters who exposed to
paints either for less than 15 years or for more than 15 years compared to those of the healthy control

Parameters Non-Smokers painters Smokers painters
Testosterone Estradiol (E) Testosterone Estradiol (E)
Groups (nmolll) (pg/ml) (nmol/l) (pg/ml)
Control 26.0+1.1 51.0+£6.8 26.0+1.1 51.0+6.8
Mean =S.E 24 21 24 21
N
Less than 15 year
Mean +S.E 15.4 +1.94" 100.5 +11.5 144 £2.4° 111.1 £13.8
n 36 18 27 18
Percent [40.8%F [97.1%] [44.6%F [117.8%P
More than 15 year Mean
+S.E 12.7 £1.85" 1215 +13.6" 12.6 £2.17" 126.3 +12.5
n 30 26 27 26
Percent [51.2%F [138.29%P [51.5%F [147.6%P

- Values were expressed as mean tStandard error (S.E) in each case. ***= extremely significant when compared
with the correspondlng values of control. [ ]* = Percent of reduction and [] = Percent of elevation than those of

the control. [ &[] =(Mean of the control —

Mean of the tested group)/Mean of the control.

Table 2: The mean serum activity of SOD and the mean levels of MDA, GSH and NO of the non-smoker painters
who either exposed to paints for less than 15 years or for more than 15 years compared to those of the healthy

control
Parameters SOD MDA GSH x 10 Nitric oxide
(% of inhibition) (Moles/100ml (m moles/ ml (umol/l)
Groups packed cells) cells) K
Mg:nmfg 5 54.0+9.7 0.5+0.1 30.86 + 4.8 42+0.25
N 40 40 40 28
Non-Smokers painters Les$
than 15 year
Mean +S.D 40.6 +10.6 0.7+0.2" 20.0+6.5" 18.0+1.6"
n 39 39 39 35
Percent [24.8%F [40.0%] [49.8%F [328.6%F
Non-Smokers painters Mor¢
than 15 yeaMean +S.D | 37.8+8.9" 0.76 +0.3" 189 +6.1" 245+2.7"
n 47 47 47 26
Percent [30%]2 [52.0%] [52.6%F [483.3%P

- Values were expressed as mean zStandard deviation (S.D) in each case. ***= extremely

significant when

compared with the correspondlng values of control. [ ]* = Percent of reduction and [] = Percent of elevation than
those of the control. [ ]2 &[] =(Mean of the control —

Mean of the tested group)/Mean of the control.

Table 3: The mean serum activity of superoxide dismutase (SOD) and the mean levels of malondialdehyde
(MDA), reduced glutathione (GSH) and nitric oxide of smoker painters who either exposed to paints for less than

15 years or for more than 15 years compared to those of the healthy control

Parameters S0D MDA GSH x 1¢° Nitric oxide
(% of inhibition) (Moles/100ml packed (m moles/ ml (umol/l)
Groups cells) cells) K
Mg:n“tfg 5 54.0+9.7 0.005 + 0.001 30.86 + 4.8 4.2+0.25
N 40 40 40 28
Smokers painters Lesq
than 15 year 405+5.6" 0.008 + 0.003 17.8+5.9" 23.0+1.5"
Mean +S.D 21 21 21 21
n [25%]2 [60.0%] [55.3%F [447.6%P
Percent
Smokers painters Morg
than 15 yeaMean + | 27.5+7.9" 0.0086 +0.003" 39 16.1+5.27 257+1.9"
S.D 39 [72.0%f 39 42
n [49%]? [59.6%F [511.9%f
Percent

- Values were expressed as mean zStandard deviation (S.D) in each case. **=very significant and ***= extremely
significant when compared with the corresponding values of control. [ ]* = Percent of reduction and [] = Percent

Pheton
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of elevation than those of the control. [ ]a &[ ]b=(Mean of the control — Mean of the tested group)/Mean of the

control.

Table 4: The mean serum activity of catalase and glutathione reductase and the mean levels of total antioxidants
capacity of non-smoker painters who either exposed to paints for less than 15 years or for more than 15 years

compared to those of the healthy control

Parameters Catalase x 10 Glutathione Total antioxidants
sec® (KU/mg protein) reductase (mmol/l)
Groups (U/L)
Control
Mean £S.D 185+7.1 41.8+13.0 3.0+£0.8
N 40 33 26
Non-Smokers painters Less than 15 yepr
Mean +S.D 11.5+5.7" 29.0+9.8" 2304
n 39 40 35
Percent [37.8%]F [30.6%] [23.3%F
Non-Smokers painters More than 15 yepr
Mean +S.D 12.8 +1.37 26.2+85" 22+06
n a7 36 23
Percent [30.8%F [37.3%F [26.7%F

- Values were expressed as mean tStandard deviation (S.D) in each case.
*= Significant and ***= extremely significant when compared with the corresponding values of control.
[1? = Percent of reduction and []b = Percent of elevation than those of the control.
[P &] ]b:(Mean of the control — Mean of the tested group)/Mean of the control.

Table 5: The mean serum activity of catalase and glutathione reductase and the mean levels of total antioxidants
capacity of smoker painters who either exposed to paints for less than 15 years or for more than 15 years

compared to those of the healthy control

Parameters Catalase x 10 Glutathione Total antioxidants
sec’ (KU/mg reductase (U/L) (mmol/l)
Groups protein)
Control
Mean £S.D 185+7.1 41.8+13.0 3.0+£0.8
N 40 33 26
Smokers painters Less than 15 year
Mean +S.D 7.0+28" 24.1+9.7 21+06
n 20 18 20
Percent [62.1%] [42.3%] [30%]7
Smokers painters More than 15 year
Mean +S.D 6.4+29" 15.3+3.0" 20+0.6
n 36 24 32
Percent [65.4%] [63.4%] [33.3%F

- Values were expressed as mean tStandard deviation (S.D) in each case.
*= Significant, **=very significant and *** = extremely significant when compared with the corresponding values of

control.
[1? = Percent of reduction.

[ 17 =(Mean of the control — Mean of the tested group)/Mean of the control.

Therefore, the reduction in serum testosterone
levels of the painters who exposed to both
paints and cigarettes smoke may cause
defects in the process of spermatogenesis and
thence infertility. This reduction in testosterone
level may be due to damage of tissues due to
oxidative stress including gonads and pituitary
glands tissues (Denicola et al., 1998; Pacher
et al., 2007).

This explained in Aljhni et al., 2012 study, who
have showed that free radicals (reactive
oxygen species and nitric oxide) changed the
steroid hormone binding on albumin and
therefore their free-fraction levels. This change
affected the hydrogen bond or van der Waals
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interaction which were modified after the
oxidation of some residues as the free thiol or
hydroxyl of the albumin binding sites (cys, tyr,
etc.). The change of hormone free fractions
levels induced by free radicals can explain
somewhat the pathophysiological role of free
radical in different steroid-hormones related
diseases.

In addition, E2 has been shown to directly
affect steroidogenesis in the rat testis via
accumulation of estrogen-regulated proteins
(Tong et al., 2004). Therefore, one can expect
that, the elevation of serum E2 levels in sera
of the painters included in this study may
stimulates Leydig cell hyperplasia which has
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been associated with cryptorchidism, testicular
cancer, and impaired spermatogenesis as was
previously reported by Abney (1999) who
found association between E2 level and
Leydig cell hyperplasia in rodents.

Also, (Turner et al.,, 2000; D'Souza et al.,
2005) demonstrated that the circulating LH
and FSH concentrations were effectively
reduced by E2. Our results were confirmed by
the results of Gao et al. (2013) who found that
the sex hormone balance in the male
reproductive system was disrupted by TiO2
NPs exposure and thereby suppressed
spermatogenesis through pathological
changes in the testis.

Also, (Svensson, 1992b; Yilmaz et al., 2001)
found that several organic solvents and
environmental contaminants have been
suggested to affect neurochemical
mechanisms in the brain, which control
gonadotropin release from the anterior
pituitary.  Chronic  occupational toluene
exposure in male subjects resulted in reduced
luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) levels (Svensson,
1992a). Yilmaz et al., (2001) found that paint
thinner exposure for 15 days decreased serum
LH and testosterone concentrations in parallel.

The oxidative balance can be disturbed by
several adverse environmental and/or
occupational conditions, causing an
uncompensated increase of pro-oxidants
(Basu, 2010).

The results in the present study indicate that
oxidants and antioxidants status were altered
with periods of paints exposure and cigarettes
smoke. Serum SOD activity was extremely
decreased (p<0.001) while, MDA (lipid
peroxidation marker) level was extremely
increased (p<0.001) in groups (lI-V) when
compared to that of the healthy control group
(Table 2 & 3).

In the present study GSH contents and
catalase and GSH-R activities were extremely
decreased (p<0.001) in painters groups (group
I, 1, IV & V) when compared to that of the
healthy control group (Table 2 - 5).

Nitric oxide (NO), a short-lived freely diffusible
radical gas that acts as an important biological
signal, regulates an impressive spectrum of
physiological functions in vertebrates. In the
present study, there was an extremely
significant increase (p<0.001) in the mean
levels of NO in serum of smoker and non-
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smoker painters groups (GllI, lll, IV & V) by
(328.6%, 483.3%, 447.6% & 511.0%),
respectively (Table 2 & 3).

These changes in the oxidative balance have
shown in (Georgieva et al., 2002; llgazli et al.,
2004; Coskun et al., 2005) studies which
illustrated that occupational exposure to high
concentrations of solvents induces lipid
peroxidation and decreases in the
endogenous antioxidants in the body, such as
reduced glutathione (GSH), superoxide
dismutase (SOD), and glutathione peroxidase
(GSH-Px).

The change of antioxidant enzymes (e.g.
SOD, CAT, GSH-Px, GSH-Rd) by various
pollutants like metals, PAHs, and other organic
compounds, have been documented in detalil
by Moro et al., (2010); Moro et al., (2012) who
suggested that these contaminants can induce
ROS (e.g., O- 2, H202, HO-, and 102, etc.)
inciting oxidative stress and even lipid
peroxidation.

The total antioxidant capacity in the obtained
results was significantly reduced (p<0.05) in
painters groups compared to control. The
percent of reduction was 30% and 33.3% in
serum of smoker painters GIV & GV,
respectively and 23.3% & 26.7% in serum of
non-smoker painters Gl & GIll, respectively
(Table 4 & 5).

In agreement with a toluene-induced increase
in ROS production, reports in the literature
have indicated that exposure to paint thinners
containing toluene increased serum
malondialdehyde (a measure of OS) levels in
humans, (Halifeoglu et al., 2000) as well as
increasing lipid peroxidation in different rat
brain regions (Baydas et al., 2003; Baydas et
al., 2005).

In the obtained results, estradiol has a positive
correlation with nitric oxide (r=0.29, p<0.0028)
and a negative correlation with catalase (r=-
0.19, p=0.0444). Also, testosterone has a
positive correlation with catalase (r=0.23,
p<0.0074).

These results confirmed that, there is a
relation between nitric oxide and antioxidant
enzymes in male infertility. In 2012, Ji et al.
found that the PON1 R192Q (rs662) and
SOD2 V16A (rs4880) variant genotypes were
associated with sperm integrity and risk of
male infertility. The results of this study might
be helpful in improving the understanding of
the genetic susceptibility of sperm DNA
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integrity and in  providing diagnostic
implications for assisted reproduction success
rates.

Also, Scichilone et al. 2013 found that the
exhaled nitric oxide is associated with cyclic
changes in sexual hormones.

In 2012, Aly et al. demonstrated that exposure
of NP This induces testicular toxicity and
impairs sperm functions, at least partly, by
induction of oxidative stress in epididymal
sperm of rat. Moreover, the reduction in sperm
transit time may affect sperm quality and
fertility potential.

In conclusion, these results demonstrate that
exposure to paints has an effect on antioxidant
balance by a reduction in the activities of
antioxidant enzymes and increase in free
radicals and nitric oxide, which was associated
with cyclic changes in sexual hormones and
then risk of infertility.

Resear ch Highlights

1- Exposure to paints and cigarette smoking
induces oxidative stress.

2- Exposure to paints and cigarette smoking
disturbs the sex hormones.

3- Paints, exposure can participate in male
infertility possibly via hormonal and free radical
mediated mechanisms.
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