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Abstract

Background Lead occupational exposure is now a main concern in the modern world. Lead is a non-biodegradable ele-
ment with multi-devastating effects on different organs. Acute or chronic exposure to lead is reported to be one of the most
important causes of infertility both in males and females basically by inducing oxidative stress and apoptosis.

Objectives The current study scrutinized the mitigating effects of N-acetylcysteine (NAC) on lead toxicity, oxidative stress,
and apoptotic/anti-apoptotic genes in the testis tissues of male rats.

Methods Rats were randomly divided into a control group (G1) and four study groups treated with single and continu-
ous doses of lead with and without NAC administration. Malondialdehyde (MDA), total antioxidant capacity (TAC), and
8-hydroxy-2'-deoxyguanosine (8-OHdG) were analyzed as oxidative stress biomarkers and the expression of apoptosis-related
genes was studied using RT-PCR.

Results Continuous exposure to lead caused a significant decrease in sperm count, motility, viability, and morphology
(P<0.001). Number of germinal cells, Leydig cells, spermatocytes, and the diameter of seminiferous tubule were signifi-
cantly decreased (P <0.001) in G3 group. Continuous exposure to lead significantly decreased TAC content, but increased
the levels of MDA and 8-OHdG (P <0.001). Administration of continuous dose of lead dramatically increased expression
of Bax, Caspase-3, Caspase-8, Cytochrome-C, MMP2, and MMP9 genes in testicular tissue. NAC treatments not only
improved morphological changes and sperm quality, but also enhanced antioxidant balance and modulated apoptosis process
in testicular tissue of rats.

Conclusion Lead exposure strongly motivated testicular cells towards apoptosis, caused an oxidant/antioxidant imbalance,
and decreased sperm quality along with morphological changes in testis cells. NAC treatments was associated with protec-
tive effects on testicular tissue mainly by rebalancing of the antioxidants capacity, as well as downregulation of apoptosis-
related genes.
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Introduction
D4 Zeinab Khazaei Koohpar Lead (Pb) is a chemical and potent environmental toxicant
khazaei @toniau.ac.ir that naturally exists in the environment [1]. This heavy
Fahimeh Abedini Bajgiran element can be absorbed and stored in bones, blood, and
abedini_fahime @yahoo.com various tissues. Lead poisoning can be associated with seri-
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hemolytic anemia, bone injury, and cancers [2-5]. Based
on the previous studies, chronic exposure to lead may affect
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consequently increase the risk of infertility [8, 9]. Never-
theless, data around the effects of lead on male fertility are
very controversial and further studies are needed for a better
understanding of its cellular and molecular mechanisms of
toxicity.

Some studies suggested that lead may trigger testicular
cells damage and poor quality of sperm through multiple
mechanisms, especially by depleting antioxidant capacity,
reducing essential elements (e.g., Ca, Zn, and Cu), enhanc-
ing oxidative stress and activating of matrix metallopro-
teinases (MMPs) that ultimately cause apoptosis [10, 11].
Oxidative stress (OS) resulted by overproduction of reac-
tive oxygen species (ROS) and triggering apoptosis process
can be highlighted as a main mechanism of lead toxicity on
reproductive organs [12, 13]. Overproduced ROS interacts
with DNA, proteins, and lipids and causes severe damage to
cells [14]. Furthermore, oxidative stress enhances expres-
sion and activation of MMPs that is subsequently associated
with serious tissue injuries [15]. Rana et al. [16] reported
that immunosuppressive mechanisms may contribute in Pb-
induced apoptosis.

As a pivotal process of cell homeostasis, apoptosis can be
triggered via different physiological and toxicological stim-
uli [17]. It is previously reported that lead can induce apop-
tosis mainly by interrupting ATP production and mitochon-
drial membrane disintegration. Consequently, cytochrome
C releases from the intermembrane space into the cytosol
and alters Bax/Bcl2 ratio that encourages cells towards the
mitochondrial-dependent apoptosis [18, 19]. Morales et al.
[20] revealed that heavy metals can noticeably affect DNA
stability, Ca metabolism, P53, caspase 3, and Bcl2 expres-
sion and disrupt the antioxidant defense capacity. Given the
undeniable role of mitochondria in cell death process, it
seems that lead toxicity is conducted by overabundance of
free radicals and their reaction with key macromolecules.

Considering the importance of oxidative stress in cell
apoptosis and tissue injury, antioxidant therapy might be a
viable solution to handle this issue [21]. N-Acetylcysteine
(NAC) is an acetylated derivative of L-cysteine that applied
in different medical conditions [22]. Having sulfhydryl
groups, this compound is an excellent candidate for glu-
tathione (GSH) reduction and is reported to be a useful che-
lator of heavy metals [23]. According to Luczak et al. [24],
NAC has a direct reactivity with heavy metals, a behavior
that is independent of its antioxidant capacity. Based on
their study, NAC can effectively scavenge heavy metals via
a conjugation process that finally make them membrane-
impermeable and protects cells in different organs. NAC is
widely used in different in vivo and in vitro studies for its
free radical scavenging and anti-apoptotic properties [25]. It
is well documented that NAC can decrease MDA formation,
effectively reduce DNA cleavage, and increase percentages
of viability in HepG2 cells treated with lead acetate [26].
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NAC treatment is also shown to be linked with a downregu-
lation of caspase 3, 8, Bcl2 and matrix metalloproteinase
2 and 9 in rats treated with cadmium [27]. Furthermore,
according to the previous documents, NAC can remarkably
improve sperm parameters (volume, motility, etc.) predom-
inantly by OS modulation [28, 29]. Therefore, this study
aimed to investigate testicular toxicity of lead and supportive
effects of NAC in adjusting the rate of apoptosis, oxidative
stress, and improving sperm parameters in rats.

Methods
Study Samples

This study was performed on 30 male Wistar rats (weighing
150-200 g) in a period of 4 weeks. Animals were procured
from Pasteur Institute of Iran (Tehran, Iran) and randomly
organized into five groups (G1-G5, n=6). A week prior
to begging of the study rats were adopted to the animal’s
lab condition (temperature 20-25 °C, humidity of 55-60%,
and a period of 12 h of light /darkness). In control group
(G1), rats were nourished with normal pellet and water. In
G2 group, rats received 50 mg/kg of lead acetate (MERCK,
Germany) solution on the first day of study. Animals in G3
group were treated with 2 mg/kg of lead acetate every sec-
ond day. In G4 group, animals were administrated with lead
acetate (50 mg/kg) and NAC (Razak Co. Iran) (50 mg/kg)
solutions, and in G5, rats administrated with a continuous
dose of lead (2 mg/kg) and NAC (50 mg/kg) solutions every
other day. All experiments were conducted in accordance
with the animal research guideline issued by Iran’s Ethical
Committee and approved by the ethical committee of the
Rasht Islamic Azad University. The selection of Pb concen-
trations, as well as NAC supplementation, was done based
on previous studies [30, 31].

Sperm Analysis

Forty-eight hours after the last treatment, rats were stu-
pefied with a blend of xylasine (10 mg/kg) and ketamine
(30-50 mg/kg) and were cut at the abdominal area. The
epididymis was then collected in Ham’s F10 culture medium
and incubated for 30 min (37 °C, 5% CO, pressure). Sperm
parameters such as counts, motility, morphology, and
viability were evaluated after centrifugation at 1000 g for
10 min. Papanicolaou’s staining method was applied for the
assessment of sperms with normal morphology (26). Ten
microliters of samples was placed at the center of the Mak-
ler chamber and motile sperms were counted using a light
microscope (Nikon, USA). The percentage of sperm motil-
ity was documented in a sample containing 100 cells (30).
Sperm viability was determined via eosin staining method
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(31, 32). Briefly, 10 ml of collected samples were mixed
with 10 ml of 5% eosin on the sterile slides. Eosin was only
absorbed by viable sperms with intact membranes.

Tissues and Blood Samples

Blood samples were collected from the abdominal aorta.
About 300 mg of testicular tissue of each rat was collected
and then homogenized and centrifuged at 4000 x g/4 °C
for 15 min [32]. The removed supernatants were stored
at— 80 °C for the assessment of total antioxidant capacity
(TAC), malondialdehyde (MDA), 8-hydroxy-2'-deoxyguano-
sine (8-OHdG), and gene expression pattern. For histopatho-
logical study, testis tissues were kept in formalin 10% for
15 days. After dehydration and paraffin embedding, 5-um
sections were prepared using a manual microtome (Aarson,
RSB-53, Japan) and stained with hematoxylin and eosin
(H&E). Pathological alterations were documented by a light
microscope (ECLIPSE E200, Nikon, USA).

Oxidative Stress Biomarkers

Levels of TAC and MDA were measured according to
method previously explained by Benzie [33] and Rao
[34] respectively. 8-OHdG levels were determined using
an ELISA kit (CSB-E10140h, 96 T, Cusabio, Wuhan,
China). The absorbance was measured by a micro-plate
ELISA reader (Azure Biosystems, Inc, USA) at 450 nm,
and the concentration of 8-OHdG was calculated from a
standard curve.

Metal Analysis

Blood specimens were centrifuged at 600 X g for 10 min.
Supernatants were then diluted tenfold using double-dis-
tilled water and an atomic absorption spectroscopy (AAS
7000 Shimadzu, Japan) was applied for the assessment of
the levels of lead, Ca, and Zn.

Gene Expression Analysis

Tissue RNA extraction was performed using an RNX-Plus
Kit (SinaClon; RN7713C) and its quantity and quality were
assessed by a Nanodrop spectrophotometer (Thermo Sci.,
Newington, NH). cDNA synthesis and amplifications were
performed according to study by Alizadeh et al. [30]. Primer
sequences are demonstrated in Table 1. GAPDH was hired
as the reference gene. 272 method was considered for the
rate of gene expressions [35].

Statistical Analysis

One-way ANOVA-post hoc Tukey test was selected in SPSS
software (version 20) for data analysis. Data were presented
as means = SD and P < 0.05 was considered as significant.

Results

Comparison of histological parameters between the groups
is depicted in Table 2. The numbers of germinal cells, Ley-
dig cells, and spermatocytes, as well as the diameter of semi-
niferous tubule, were significantly decreased upon continu-
ous exposure to lead (P <0.001). In comparison with G1,
mature form of spermatozoas are dramatically decreased in
G2 and specifically in G3 (yellow arrows). The number of
Leydig and interstitial cells is raised following exposure to
single and continuous doses of lead; however, changes in
the latter group were more noticeable. Interestingly, NAC
supplementation in G4 and G5 significantly increased the
number of mature sperms and spermatids in comparison
with those only treated with single and continuous doses of
lead in G2 and G3 respectively (Fig. 1).

Comparison of sperm parameters between different
groups is presented in Table 3. The mean of sperm param-
eters, sperm count, percentage of motile sperm, and viable
and abnormal sperm between groups was significantly dif-
ferent (P <0.001). While there was no significant difference
in the mean of all sperm parameters between control and
rats in G2 and G4 groups, rats exposed to continuous dose

Table 1 Primer sequences

Genes Forward Reverse

Bax 5'-GAGGATGATTGCTGATGTGGATA-3’ 5'-CAGTTGAAGTTGCCGTCTG-3'

Bcl2 5'-GAGGATTGTGGCCTTCTTTG-3' 5'-AGGTACTCAGTCATCCACA-3'
Caspase 3 5'-AAGCCGAAACTCTTCATCATTCA-3’ 5'-GCCATATCATCGTCAGTTCCAC-3’
Caspase 8 5'-CTGACTGGCGTGAACTATGATG-3' 5'-CGTAGTGTGAAGATGGGCTGT-3'
Cyt-C 5'-GAGGCAAGCATAAGACTGGA-3' 5'"TACTCCATCAGGGTATCCTC-3’
MMP2 5'-CCGTCGCCCATCATCAAGT-3’ 5'-GCAGCCATAGAAAGTGTTCAGGT-3’
MMP9 5'-ACCACCGCCAACTATGACCAG-3' 5''TGCTTGCCCAGGAAGACGA-3'
GAPDH 5'-AAGTTCAACGGCACAGTCAAGG-3' 5'-CATACTCAGCACCAGCATCACC-3’
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Table 2 Comparison of histological parameters between different groups

Gl G2 G3 G4 G5
Germinal cells (1) 9.17+0.73 9.06+0.86 5.37+0.83* 9.12+0.71 7.17+0.63%*
Leydig cells (n) 10.44 +1.25 10.36+0.96 7.62+0.52% 10.29+0.73 9.12£0.42%*
Primary and secondary 48.12+2.69 46.78+3.54 40.19+2.8% 48.18+2.64 45.10+2.1%%*
Spermatocytes (1)
Seminiferous tubule diameters (um) 4.71+0.47 4.59+0.67 3.98+0.27* 4.66+0.79 4.2240.17*%*

G1, control; G2, single dose of Pb; G3, continuous dose of Pb; G4, single dose of Pb+NAC; G5, continuous dose of Pb+NAC; *P <0.001;
**P < (.01 compared to control group

Fig. 1 Histopathological alterations between different groups. Gl1, spermatids are shown using blue and Leydig cells indicated by yellow
control; G2, single dose of Pb; G3, continuous dose of Pb; G4, single arrows respectively
dose of Pb+NAC; G5, continuous dose of Pb. Mature sperms and

Table 3 Comparison (.)f sperm Gl 2 G3 G4 G5

parameters between different

groups Sperm count (x 10%ml)  21.66+1.86 20.5+1.64 9.0+0.89* 22.16+2.1 14.66 +1.63%*
Motile sperms (%) 75.83+4.57 73.0+4.81 45.66+7.94*%  76.66+4.5 63.66 +6.88%*
Viable sperms (%) 70.0+6.6 7433+3.07 46.83+£5.70% 7533+4.08 61.0+4.60%*

Abnormal sperms (%) 25.83+24 26.16+2.78 49.33+4.41% 25.0+3.84 38.16+2.92%*

G1, control; G2, single dose of Pb; G3, continuous dose of Pb; G4, single dose of Pb+NAC; G5, continu-
ous dose of Pb+NAC; *P <0.001; **P <0.01 compared to control group
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of lead (G3) exhibited poor quality of sperm count, motil-
ity, morphology, and viability compared to the other groups
(P<0.001). NAC supplementation dramatically enhanced
sperm quality parameters in G5 rats; however, the quality of
sperm parameters was still significantly lower than animals
in G1 and G2 groups (P <0.01; Table 3). This result indi-
cated that lead in single doses had no remarkable effects on
sperm parameters.

Table 4 illustrates the comparison of the content of OS
biomarkers between control and study groups. In rats of
G3 group, mean values of FRAP (193.59 +17.61 pg/mL)
were noticeably lower than other groups (P <0.001). NAC
therapy observably surged FRAP values in G5 rats (from
193.59 +17.61 pg/mL to 318.37+62.9 w/mL; p=0.018).
Conversely, animals in G3 group showed a remarkable
difference in MDA (50.51 +£2.55 pg/mL; P <0.001) and
8-OHdG (2.66 +0.26 ng/ml; P <0.001) contents compared
to other groups. NAC treatments markedly reversed these
values in G5 group (P <0.01).

Table 5 reflects mean levels of lead, Zn, and Ca in the
serum samples of rats. As it can be seen, continuous admin-
istration of lead effectively decreased mean levels of Zn
(12.66+1.96 mg/1) and Ca (2.1440.22 mmol/1) in G3 group
in comparison with normal group. Interestingly, these values
were reversely improved in G5 group where animals were
treated with NAC. The mean level of lead in serum sam-
ple of animals that were fed with continuous dose of lead
(G3) was significantly increased by about 67% compared
to those in control group. NAC treatments significantly
decreased lead levels in serum of rats that continuously
exposed to lead (G5) by nearly 50% (from 2.03 +0.18 pg/L
to 1.05+0.11 pg/l; p<0.01).

Gene expression analysis of apoptosis is shown in Fig. 2.
There was a meaningful difference in the expression fig-
ures of selected genes between groups (P <0.001). Results

represented that opposed to Bcl2 genes that significantly
downregulated (2.95-fold), expression of Bax (4.30-fold),
Caspase 3 (3.16-fold), Caspase 9 (3.69-fold), Cyto C
(3.62-fold), and MMP?2 (5.38-fold) and MMP9 (3.92-fold)
genes was dramatically upregulated in response to continu-
ous concentrations of lead (Fig. 2; P <0.001). In contrast,
NAC treatment significantly improved the expression of
these genes. While the expression of Bcl2 was enhanced by
1.52-fold, NAC supplementation significantly decreased the
expression of Bax, Caspase-3, Caspase-8, Cyto-C, MMP2,
and MMP9 by 1.81-fold, 1.78-fold, 1.55-fold, 1.67-fold,
1.92-fold, and 1.44-fold, respectively.

Discussion

Toxicity of lead on male reproductive function and fertility
has increased worldwide concern. In the current study, we
explored the supportive effects of NAC on tissue altera-
tions, sperm parameters quality, oxidative stress biomark-
ers, and gene expression of apoptosis pathway in the tes-
ticular tissue of rats exposed to lead. Our results showed
that lead exposure, particularly at continuous dose, was
significantly correlated to poor quality of sperm param-
eters. NAC supplementation remarkably improved the
sperm count, motility, normal morphology, and viability
of mature sperms in exposed rats. Microscopic examina-
tions revealed that continual exposure to lead impressively
declined the number of germinal cells, spermatocytes,
Leydig cells, and the diameter of seminiferous tubules.
In this study, group comparisons illustrated that members
treated in G3 experienced more adverse effects than those
in G1 and G2. Furthermore, even after continuous treat-
ment with NAC in G5, rats that were introduced to the
chronic doses of lead experienced the worst effects. On

Table 4 Comparison of

s . Gl G2 G3 G4 G5
oxidative stress biomarkers
between different groups FRAP (ug/ml) 549.8+81.38 512.83+22.87 193.59+17.61* 528.11+45.0 318.37+62.9*%*
MDA (ug/ml) 15.41+2.02 14.46+2.48 51.48+5.72% 14.16+1.85 36.01 4 1.94%*
8-OHdG (ng/ml) 0.71+0.066 0.69+0.06 2.66 +£0.26* 0.64 +£0.048 1.2+0.15%*

G1, control; G2, single dose of Pb; G3, continuous dose of Pb; G4, single dose of Pb+NAC; G5, continu-
ous dose of Pb+NAC; *P <0.001; **P <0.01 compared to control group

Table 5 Comparison of the

G1 G2 G3 G4 G5

mean of Pb, Zn, and Ca between

different groups Pb (ug/l) 0.65+0.059 0.81+0.053 2.03+0.18* 0.64+0.12 1.05+0.11%*
Zn (mg/l) 31.33+4.32 30.5+4.59 12.66 +1.96* 32.83+4.44 21.83 £3.65%*
Ca (mmol/l) 2.93+0.36 2.87+0.37 2.14 40,22 324031 2.81+0.49

G1, control; G2, single dose of Pb; G3, continuous dose of Pb; G4, single dose of Pb+NAC; G5, continu-
ous dose of Pb+NAC; *P<0.001; **P <0.01 compared to control group
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Fig.2 Comparison of the mean
mRNA levels of different genes
between groups. G1, control;
G2, single dose of Pb; G3,
continuous dose of Pb; G4,
single dose of Pb+ NAC; G5,
continuous dose of Pb+ NAC;
*P<0.001; **P<0.01 com-
pared to control group
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the other hand, our findings revealed that constant treat-
ment with NAC dramatically modulated toxic effects of
lead in G5 in comparison with the G4 group that received
only a single dose of NAC. In other words, both the NAC
and lead showed to be extremely effective specially in
long-term administration. Similarly, Almansour et al.
[36] showed that long exposure to lead can cause seri-
ous microscopic damage in testis tissue, including Leydig
cells’ destruction, seminiferous tubules thicknesses, sper-
matocyte degeneration, tubular atrophy, and spermatogen-
esis arrest. Offor et al. [37] reported that exposure to lead
acetate (30 mg/kg) for 60 days caused a marked reduc-
tion in sperm count, viability, and normal morphology
Similarly, Elgawish et al. [38] demonstrated that expo-
sure to lead acetate (60 mg/kg) for 28 days significantly
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dwindled sperm reserves, percentage of sperm motility,
and viability.

We also found that lead exposure is highly connected with
antioxidant deficiency, lipid peroxidation redundancy, and
increased DNA oxidation contents in the gonads of exposed
animals. Level of lead in the serum samples of animals
treated with lead at chronic doses was markedly increased
while serum levels of Zn and Ca were significantly dropped.
Moreover, lead consumption at chronic doses meaningfully
overexpressed the apoptosis-related genes such as Bax, Cas-
pases, Cyt-C, and MMPs in the testicular tissue of exposed
rats. It might be a main reason for decreased number of
mature sperms in lead-exposed rats. Recent studies have
demonstrated that lead exposure is significantly contributed
to higher percentage of cells apoptosis [39, 40]. Our results
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can be a backbone idea that lead toxicity in testis tissue is
dominantly mediated through oxidative stress and apopto-
sis. A growing number of studies confirmed toxic effects of
lead on different tissues and highlighted lead for its oxidant
and inflammatory identity. For instance, Elgawish found that
chronic exposure to lead caused a significant reduction in
the activity of superoxide dismutase (SOD) and catalase.
They also reported overproduction of caspase-3 protein in
the testis of lead-treated rats [38]. Other studies reported
that lead exposure significantly increased the MDA content,
but significantly decreased SOD and GPX activities and the
level of glutathione [41, 42]. Another research conducted
in poultries revealed high MDA contents and low level of
glutathione in the liver [43]. More recently, Shraideh et al.
worked on the occupational lead exposure and plasma OS
biomarkers. According to them, exposed people have higher
level of plasma lead (~4-5 times) and decreased levels of
TAC and GSH compared to normal individuals [44]. A pre-
vious study reported that chronic exposure to lead triggers
neuronal cells apoptosis in the brain tissue of mice [39]. Xu
et al. [45] found that lead exposure induces histone acetyla-
tion and subsequently vascular and cardiac cells apoptosis.
Altogether, these findings indicate that morphological altera-
tions of testis, oxidative stress, and overexpression of apop-
totic mediators are likely a main mechanism of lead toxicity
on testicular tissue and poor quality of sperms.

According to our results and based on the previous stud-
ies, lead toxicity is probably driven by induction of oxi-
dative stress. Thus, antioxidant therapy might be a wise
strategy to protect testicular cells from oxidative damage
and apoptosis. In this current study, preservative effects of
NAC were studied on morphological changes, ROS pro-
duction, apoptosis, and consequently poor sperm quality
caused by lead. Here, we found that NAC therapy effec-
tively reduces cell injuries and improved sperm quality
parameters. Furthermore, MDA and 8-OHdG levels were
declined in the testis cells of rats treated with NAC. On
the other hand, our findings demonstrated that NAC not
only modulated the expression of apoptotic genes but also
adjusted blood levels of Zn and Ca in lead-exposed rats.
Although these mitigating effects were not observed in
an ideal level in the group treated with continual doses of
lead but underpinned the theory that NAC supplementa-
tion can be a viable procedure to diminish damage caused
by lead intoxication. Large bodies of documents have pre-
viously reported the healing features of NAC supplemen-
tation in various tissues. For example, an in vitro study
documented that over-production of ROS and overexpres-
sion of apoptotic genes related to intrinsic and extrinsic
pathway can be exotically controlled by NAC treatment
of cells intoxicated with Zearalenone [46]. Cay et al. [47]
stated a potential role of NAC therapy in decreasing the
MDA level and increasing GPX activity in testis tissue.

Another study claimed that NAC can decrease the rate
of apoptosis and ischemic injuries and protects testicu-
lar tissue basically via inhibition of reductive process
of endoplasmic reticulum [48]. Malmir et al. [49] estab-
lished that NAC supplementation is a potent antioxidant
that compensates the adverse effects of paranonylphenol
on spermatogenesis, testis, and levels of testosterone and
MDA. Shieh et al. [50] unveiled the fact that NAC applica-
tion repressed expression of Bax, Bcl2, Caspases-3, and
Caspases-9 in human astrocytes treated with malathion.
According to them, NAC acted as a free radical scavenger
and modulated oxidative stress. In another study, Kumar
et al. [51] reported that Pb exposure causes reproductive
toxicity through the excess generation of free radicals and
impairment of antioxidant defense, especially GSH pool.
On the other hand, NAC supplementation inversed the
adverse effects of Pb-induced reproductive toxicity, indi-
cating its antioxidant potential. Chen et al. [52] considered
therapeutic properties of NAC in managing of oxidative
damage and inhibition of apoptosis in the brain tissue of
cadmium exposed mouse. They observed a positive cor-
relation between the NAC administration and increased
activities of Cu/Zn-superoxide dismutase and catalase
together with surged levels of glutathione and GPX in the
brain tissue. By summarizing the results of the previous
and current results, it can be stated that lead mediates its
toxicity mainly by inducing oxidative stress and promoting
cell death in the testis tissue. Alternately, NAC supple-
mentation declines cytotoxic effects of lead and enhances
the sperm parameters.

Conclusion

In conclusion, our findings revealed an interconnection of
tissue injuries and long exposure to lead predominantly
because of accelerating the generation of reactive oxygen
species and detracting of the antioxidant defense system
that finally encouraged cells towards the apoptosis. NAC,
as an efficient compound in replenishing the glutathione
reservoirs, preserves cells against the oxidative stress and
enervates rate of apoptosis by increasing the integrity
of mitochondrial cell membrane and scavenging of free
radicals.
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