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Abstract Lead acetate (LA) is a toxic compound that has
detrimental effects on the male reproductive system, such as
decreased testicular size and function, low androgen hormone
concentration, and altered testicular histology. While Nigella
sativa (NS) has been shown to possess a handful of therapeu-
tic benefits, few studies have shown its effect on damage
caused by lead acetate toxicity in the male reproductive sys-
tem. In this study, 75 Sprague-Dawley rats were divided into 3
groups of 25 rats, which were further subdivided into 5 sub-
groups each. Group 1 (negative control) was given distilled
water, group 2 (positive control (PC)) administered 10 mg/kg
of lead acetate (LA) orally/daily, while groups 3 (T1), 4 (T2),
and 5 (T3) were given LA 10 mg/kg and graded concentra-
tions (100, 150, and 200 mg/kg) each of NS. One group each,
comprising of 25 rats, was euthanized at days 30, 60, and 90
for collection of blood plasma, epididymis, and organ tissues
fixed in 10 % buffered formalin at each time interval. The
right caudal epididymis was homogenized and used for the
determination of spermiogram. Plasma was used for the

determination of testosterone (TS), follicle stimulating hor-
mone (FSH), and luteinizing hormone (LH) and estradiol
(EST) using radioimmunoassay kits. There was reduced num-
ber of spermatogenic cells and epididymal sperm reserves in
the PC group in comparison to the treatment groups. The level
of TS was lower (p < 0.05) in the PC group at 90 days, while
FSHwas lower (p < 0.05) in T3 at 30 days and LH was higher
(p < 0.05) in T1 at 90 days. The concentration of EST was
lower (p < 0.05) in the PC, T1, and T2 at all time points, while
the T3 group had the higher EST concentration that was sim-
ilar to the control group. There was a decreased level of su-
peroxide dismutase (SOD) and total glutathione (GSH) in the
PC group and an increased GSH level in the T3 group. Sperm
concentration, viability, and motility were adversely affected
by LA, while concurrent treatment with NS significantly
(p < 0.05) improved these parameters. This study showed
the detrimental effects of LA on spermatogenesis, TS levels,
and antioxidant defenses; however, these adverse effects were
alleviated by oral NS administration.
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Introduction

Lead (Pb) is a common environmental contaminant found in
water and soil, mostly as a result of improper industrial waste
disposal. Lead poisoning has been reported in some parts of
developed and developing countries as environmental con-
taminations due to gold mining. The most common harmful
effects of lead acetate (LA) are the induction of microcytic
anemia and central nervous system damage. Young children
and adults have presented with signs ofmicrocytic anemia and
nervous symptoms following exposure to lead (Papanikolaou
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et al. 2005). In the laboratory, the administration of LA has
shown various deleterious effects in the physiological status
function of animals. Acute toxicity study of LA (10 mg or
100 mg) caused elevation of alanine aminotransferase enzyme
(ALT) in rats after 12 and 24 h, respectively (Bharali 2013). In
other studies using LA, significant changes in the hematolog-
ical and biochemical parameters of rats were observed
(Allouche et al. 2009; Allouche et al. 2011; Dalia 2010;
Ibrahim et al. 2012). The administration of LA to male rats
have also been reported to affect the levels of reproductive
hormones, testosterone, estrogen, and luteinizing hormone,
as well as reduce sperm viability, motility, concentration,
and gonadal weight and increase sperm abnormalities and
degenerative and necrotic conditions in the testis (Allouche
et al. 2009; El-Tohamy and El-Nattat 2010; Elgawish and
Abdelrazek 2014; Makhlouf et al. 2008).

Nigella sativa (NS) is a popular folkloric medicinal
plant whose seeds, leaves, and oil have been used to
treat various sicknesses for centuries. The seed and oil
of NS have been reported to be safe with a high safety
margin following oral intake. NS have been reported to
exhibit potent anti-inflammatory, analgesic, anticarcino-
genic, antidiabetic, antiulcer, antimicrobial, and antipara-
sitic activities (Ali and Blunden 2003; Gali-Muhtasib
et al. 2006). In other studies, the immunomodulatory
effects of NS were attributed to production of antioxidant
enzymes, glutathione, and superoxide dismutase (Salem
2005). Similarly, NS was shown to exhibit protective
roles against isoproterenol, tramadol, carbon tetrachlo-
ride, cisplastin, and sodium valproate toxicities, through
production of antioxidant enzymes (Awadalla 2012;
Elkhateeb et al. 2015; Hala 2011; Krishnan and
Muthukrishnan 2012; Murugesan et al. 2012a, b). In re-
lated studies, both administration of NS seed and oil
have been found to improve sperm counts, sperm viabil-
ity and motility, and testicular weights and decrease
sperm abnormalities and testosterone concentration
(Bashandy 2007; Hala 2011; Mahdavi et al. 2015).
Similarly, increased levels of reproductive hormones
were observed after administration of NS oil in male rats
(Juma and Hayfaa 2011).

Previous studies on the effect of NS on mature male go-
nadal pathology and reproductive enzyme alterations due to
LA toxicity are limited; however, there are a few studies on the
effect of LA on prenatal and postnatal development of the rat
testes and testosterone production (Dorostghoal et al. 2011;
Sharma and Garu 2011). In line with that, this study was
designed to assess the level of gonadal injury, sperm produc-
tion, reproductive hormonal levels, and antioxidant status of
male rats exposed to LA toxicity for a period of 90 days, with
sample collection at 30, 60, and 90 days. Rats were adminis-
tered LA concurrently with NS at 100, 150, and 200 mg
throughout the course of the experiment.

Materials and methods

Preparation of N. sativa suspension and lead acetate
solution

Black seeds (N. sativa) were purchased from a local
market in Serdang, Selangor, Malaysia, and certified at
the National Herbarium. The seeds were identified and
authenticated by Dr. Shamsul Khamis, Coordinator of
Biodiversity Unit, Senior Science Officer and Botanist at
the Institute of Bioscience, Universiti Putra Malaysia. The
voucher specimens of the seeds are kept in the Physiology
Laboratory, Faculty of Veterinary Medicine, Universiti
Putra Malaysia. The seeds were cleaned and ground with
a laboratory electric grinder (National Blender 8011S,
Model HGB2WTS3, U.S.A.) for 10 min, and the powder
was kept in sealed plastic bags. A water suspension of
10 g/L N. sativa was prepared and used for administration
in this study. Lead acetate was purchased commercially
from Oxford Lab. Co., India (CAS 6080–56-4) and dis-
solved in distilled water at a concentration of 10 mg/kg
body weight.

Ethical statement

All experimental procedures were performed under clean
condition at the Animal Experimental Unit, Faculty of
Veterinary Medicine, Universiti Putra Malaysia. Animals
were humanely handled and euthanized at stipulated
dates (30, 60, and 90 days) during the experimental
period, using a CO2 asphyxiation method after the
anesthesia procedure with ketamine at 75–100 mg/kg
body weight and xylazine 10 mg/kg body weight
(Paul 2009).

Animal management and grouping

A total of 75 male Sprague-Dawley rats aged 8–10 weeks
and 250–300 g were used for this study. The animals were
acquired from the Animal Resource Center, Faculty of
Veterinary Medicine, Universiti Putra Malaysia. The rats
were kept for at least 15 days for acclimatization before
commencement of the experiment. The rats were kept in a
suitable temperature between 21 and 25 °C, relative
humidity around 40–60 %, and dark/light cycles of 12 h
a day (Meyer et al. 1982). The animals were housed in
plastic cage with a diameter of 50 × 35 × 15 cm and wood
shaving was used as litter material. The rats were fed with
commercial rat pellets and clean water was provided ad
libitum.

After the period of acclimatization, the rats were divided
into five groups of 15 animals each: control (n = 15), given
distilled water orally; positive control (n = 15), given lead
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acetate (10 mg/kg) orally; treatment 1 (n = 15), given NS
(100 mg/kg) and LA (10 mg/kg), orally; treatment 2
(n = 15), given NS (150 mg/kg) and LA (10 mg/kg), orally;
and treatment 3 (n = 15), given NS (200 mg/kg) and LA
(10 mg/kg), orally, daily as reported by earlier researchers
(Murugesan et al. 2012a, b; Jahromy et al. 2014;
Abbasnezhad et al. 2015; Mustafa and Hussein 2015). At
30, 60, and 90 days, 5 rats were euthanized from each group
for collection of plasma and tissue samples.

Plasma collection for hormone and enzyme assays

Blood samples were obtained through cardiac puncture from 5
animals per group on days 30, 60, and 90, respectively
(Weisbroth et al. 2013), after anesthesia with ketamine at
75–100 mg/kg body weight and xylazine 10 mg/kg body
weight (Paul 2009). Blood was collected in EDTA tubes,
while plasma was obtained by centrifugation of whole blood
at 2500 rpm for 10 min (Hettich, Germany). Plasma samples
obtained were used for the evaluation of reproductive hor-
mones and antioxidant enzyme levels.

Collection and processing of tissue samples
for histopathology

Tissue samples of the testis, epididymis, seminal vesicles, vas
deferens, and prostate gland were collected in 10 % neutral
buffered formalin and fixed for 48 h. Formalin-fixed tissue
sections were processed through serial dehydration in ethanol,
embedded in paraffin wax, sectioned at 5–6 μm, and stained
with hematoxylin and eosin for histopathological examination
of each animal through light microscopy. Photomicrographs
of microscopic focal fields were taken using Miotic®
microscope.

Sperm counts (mass motility, general motility,
concentration, viability, and morphology)

The right caudal epididymis was immediately placed in 2 mL
of PBS and cut into about 200 pieces using a surgical
microscissor to release the spermatozoa from the epididymal
tubules. Epididymal semen suspension (ESS) was immediate-
ly incubated at 37 °C for further examination. Ten microliters
of ESS was added to 190 μL of formal saline, to make a
dilution factor of 1:20. The total sperm concentration (TSC)
was determined using a Neubauer hemocytometer as de-
scribed previously by (Yokoi et al. 2003). In order to evaluate
the mass motility, 5 μL of the suspension was put on a glass
slide and examined under a phase-contrast microscope at a
magnification of ×100. Mass motility was graded using the
percentage motility of the spermatozoa. Moreover, general
motility was evaluated by taking 10 μL of ESS on glass slide,
covered with cover slip, and examined under phase-contrast

microscope at ×400 magnification. Eosin-nigrosin stain was
used to stain sperm to determine sperm viability and
morphology.

Radioimmunoassay for follicle stimulating hormone,
luteinizing hormone, estradiol, and testosterone
measurements

Beckman Coulter Immunotech Radioimmunoassay kits were
used for the plasma determination of follicle stimulating hor-
mone, luteinizing hormone, and testosterone concentrations as
previously described (Jesse et al. 2016). Briefly, 50 μL of the
calibrator and plasma from different groups were added to
500 μL of tracer in an anti-LH, anti-follicle stimulating hor-
mone (FSH), or anti-estradiol antibody-coated tubes, mixed
and incubated at 18–25 °C in a shaker set at 350 rpm. Wallac
Wizard Gamma Counter model 1470 was used to determine
the counts per minute (cpm) of the solution. For the evaluation
of testosterone concentration, 200 μL of the plasma was
mixed with 2 mL of ethyl ether and vortexed vigorously for
1 min. The mixture was kept at −18 °C until a frozen aque-
ous phase was achieved. The aqueous phase was separately
collected and in a water bath at 37 °C until evaporation.
The resultant dry ether extract was redissolved in 200 μL
of recovery buffer, vortexed vigorously, and mixed in trac-
er antibody-coated tubes. The tubes were incubated at
37 °C water bath for 1 h, and the solution was used for
determination of total cpm using Wallac Wizard Gamma
Counter model 1470 (Jesse et al. 2016).

Evaluation of superoxide dismutase and total glutathione
concentrations

Superoxide dismutase catalyzes the dismutation of superoxide
into H2O2 and molecular oxygen. This enzyme was deter-
mined using a superoxide dismutase (SOD) determination
kit (Sigma, Singapore). The reaction mix was set up in a 96-
well plate and incubated for 20 min at 37 °C. Absorbance was
measured using a plate reader (Tecan, Austria) at 450 nm.

Total glutathione activity was measured using the glutathi-
one assay kit (Sigma, Singapore). Glutathione standards rang-
ing from 50 to 3.125 μM were prepared by serially diluting
glutathione standard solution in 5 % 5-sulfosalicyclic acid
(SSA). The reaction mix was incubated at room temperature
for 5 min before the addition of NADPH solution to each well.
Absorbance was measured using a plate reader (Tecan,
Austria) at 412 nm.

Statistical analysis

Data obtained from hormonal and antioxidant enzyme assays
were summarized as mean ± S.E and analyzed with GraphPad
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Prism 6.0 using two-way analysis of variance (ANOVA) with
Bonferroni’s multiple comparison test.

Results

Body weight and TBWR

There were no significant changes in the body weights of rats
in all groups throughout the experimental period. However, at
day 30, the testicular body weight ratio (TBWR) was lower in
the positive control (PC) and higher (p < 0.05) in the T3 group.
At day 60, TBWR is significantly lower in the PC, T1, and T2,
while at 90 days, it was significantly lower in the PC group in
the PC in comparison to the control and treatment groups
(Fig. 1).

Histopathological findings in the male reproductive
system

Thirty days of sampling

At 30 days of LA and NS administration, there was decreased
sperm reserve (>10–50 %) in the tail of the epididymis of PC
rats; the sperm is characterized by immature and degenerate
sperm cells. A few focuses of epididymal epithelial vacuola-
tion and lymphocytic perivascular inflammatory cells was
seen. Epididymal sperm reserves showed tremendous

improvements in the treatment groups T1, T2, and T3 (60–
90 %). Epididymal vacuolation was also observed in the treat-
ment groups but it was minimal (Fig. 2 (A1–A5)). In the testis,
sperm production can be observed in the seminiferous tubules
(ST), with an increased number of immature spermatids in the
PC. The treatment groups had enhanced sperm developmental
stages with many long spermatids within the seminiferous
tubules (Fig. 2 (B1–B5)). There were multifocal areas of in-
flammatory cell infiltration in the prostate of all groups, which
may be an incidental finding or toxic response to LA (Fig. 2
(C1–C5)). No significant changes were observed in the sem-
inal vesicles of all the groups; however, mild cellular vacuo-
lations which are indications of glandular production were
seen in all groups (Fig. 2 (D1–D5)). There were epithelial
vacuolations and focal to multifocal areas of leucocyte infil-
tration in the ductus efferentes (Fig. 2 (E1–E5)).

Sixty days of sampling

At 60 days, there was an improvement rather than deteriora-
tion of the epididymal sperm reserve in the PC group to about
50–70 %. However, there were still numerous numbers of
degenerate and immature spermatozoa in the tubular lumen.
The epididymal sperm reserve was optimal—70–90 % in all
the treatment groups—however, a few immature cells were
seen in the T1 group (Fig. 3 (A1–A5)). There was less tubule
without spermatogenesis in the PC group, while a few tubules
had more immature spermatids or round spermatids.

Fig. 1 Graphs showing body
weights (a) and testicular body
weight ratio (b) of rats
administered LA and NS
treatments. Bars with different
superscript letters indicate
statistical significance at p < 0.05
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Spermatogenesis was observed at optimal levels in the ST of
all treatment groups (Fig. 3 (B1–B5)). The prostate gland was
dilated and empty in some sections of the PC group, while
focal areas of lymphocytic infiltration were seen in a few foci.
The prostate gland was mostly filled with a glandular secre-
tion in the treatment group, with a few foci of lymphocytic
infiltration in all groups (Fig. 3 (C1–C5)). There were no
significant lesions in the seminal vesicles (Fig. 3 (D1–D5))
and vas deferens (Fig. 3 (E1–E5)).

Ninety days of sampling

At 90 days of sampling, there was a reduction in the
number of immature sperm cells in the epididymis of
the PC group. Sperm cells are sparsely distributed in the
tubular lumen. In the treatment groups, epididymal
sperm is densely distributed (Fig. 4 (A1–A5)). The tes-
tis of the PC had a few vacuolations within the ST,
while the T1, T2, and T3 had optimal spermatogenesis
without tubular vacuolations (Fig. 4 (B1–B5)). The

prostate glands were comparable in all groups, distended
with fluid and had an infrequent occurrence of mild
lymphocytic infiltration (Fig. 4 (C1–C5)). There were
no significant lesions in the seminal vesicles (Fig. 4
(D1–D5)) and the vas deferens (Fig. 4 (E1–E5)).

Spermiogram parameters

The concentration of sperm was significantly (p < 0.05)
lower in the PC and T1 at 30 and 60 days, while at
90 days, the PC, T1, and T2 all had lower sperm con-
centrations in comparison to the control and T3. The
individual motility was significantly lower in the PC at
all time points and not different between the control and
T3. The general motility was lower in the PC at all
time points and higher in T2 and T3. Viability was
significantly (p < 0.05) higher in the T3 at 30 and
60 days of sampling and comparable between control
and T3 at 90 days. The PC had a lower viability
(p < 0.05) at all sampling points. The percentage of

Fig. 2 Photomicrograph section of the reproductive organ of NC, PC,
T1, T2, and T3, respectively. A1–A5 Epididymis showing epididymal
sperm reserves (black arrow) and vacuolation of epithelium (red
arrow). B1–B5 Testes showing spermatogenesis stages in the

seminiferous tubules (arrows). C1–C5 Prostate gland showing
lymphocytic infiltration in glandular interstitium (arrows). D1–D5
Seminal vesicles showing glandular epithelium (arrows). E1–E5
Efferent duct showing luminal epithelium (arrows); H&E × 200
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sperm abnormality was significantly higher in the PC
and decreased with increasing concentration of NS at
all time points (Fig. 5).

Reproductive hormonal concentration

The concentration of FSH was lower (p < 0.05) in the T1, T2,
and T3 groups at 30 days of sampling, while no differences
were observed at 60 and 90 days. The concentration of LH
was lower in the PC and T1 at 30 days, while the PC, T1, and
T2 all had a significantly lower concentration of LH at 60 and
90 days. There were no significant changes in testosterone
(TS) concentration after 30 days of LA administration, while
at 60 days, the PC, T1, and T2 had significantly lower con-
centrations, while T3 had a higher (p < 0.05) concentration. At
90 days, the PC group had a lower concentration of TS, while
all the treatment groups had comparable levels that were
higher than the PC. The concentration of estradiol was

significantly lower in the PC and T1 at 30 and 60 days and
in PC, T1, and T2 at 90 days of sampling (Fig. 6).

Antioxidant enzyme concentration

The concentration of SOD was lower (p < 0.05) in the PC
group at days 30, 60, and 90 of sampling and lower in the
T1 group at day 60 only. The level of total glutathione (GSH)
was lower (p < 0.05) in the PC group at day 30 and higher
(p < 0.05) in the T3 on days 60 and 90 of sampling (Fig. 7).

Discussion

Previous studies have widely documented the deleteri-
ous effects of LA on the developing and mature male
reproductive organs and fertility (Dorostghoal et al.
2011; Sharma and Garu 2011). In these studies, the

Fig. 3 Photomicrograph section of the reproductive organ of NC, PC,
T1, T2, and T3, respectively. A1–A5 Epididymis showing epididymal
sperm reserves (black arrow) and vacuolation of epithelium (red
arrow). B1‑B5 Testes showing spermatogenesis stages in the
seminiferous tubules (arrows). C1‑C5 Prostate gland showing

lymphocytic infiltration in glandular interstitium (arrows). D1‑D5
Seminal vesicles showing glandular epithelium (arrows). E1‑E5 Vas
deferens showing epithelium (black arrows), and sperm cells in the
lumen (red arrow); H&E × 200
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administration of different doses of LA was shown to
cause reduced testicular weight, sperm concentration,
and motility and increased sperm abnormalities and in-
creased testicular degenerative changes (Allouche et al.
2009; Elgawish and Abdelrazek 2014; Makhlouf et al.
2008). Although there are numerous reported literatures
on the ameliorative effect of NS oil against toxic inju-
ries to the male reproductive organs and hormonal level
decreases induced by other compounds (Al-Zahrani
et al. 2012; Awadalla 2012; Hala 2011), there are no
reports on the effect of both its oil and seeds on LA-
induced testicular injuries and hormonal deficits in male
animals. The administration of NS to normal rats has
been shown to boost the sperm production profiles and
TS levels, indicating that the compound enhances male
fertility (Juma and Hayfaa 2011; Mahdavi et al. 2015).
In this study, LA induced decreased TBWR, reduced

population of sperm maturation stages in the testis,
and reduced tail epididymal sperm reserves indicating
suppression of spermatogenesis; however, rats treated
with graded doses of NS showed remarkable improve-
ments in both spermatogenesis and epididymal sperm
reserves. The deleterious effect of LA in the PC group
was most obvious at 30 days of administration and least
at 90 days. In related studies, NS oil has been shown to
improve testicular weights, sperm concentration and mo-
tility, as well as reduce testicular degeneration and mat-
uration arrest in rats exposed to sodium valproate,
cisplastin, and heat stress (Al-Zahrani et al. 2012;
Awadalla 2012; Hala 2011). It is therefore obvious that
NS prevented testicular tissue damage and even en-
hanced sperm production at 200 mg/kg.

The reproductive hormones TS, estradiol (EST), and
luteinizing hormone (LH) are important components of

Fig. 4 Photomicrograph section of the reproductive organ of NC, PC,
T1, T2, and T3, respectively. A1–A5 Epididymis showing epididymal
sperm reserves (black arrow). B1‑B5 Testes showing spermatogenesis
stages in the seminiferous tubules (arrows), slight vacuolations (red

arrow). C1‑C5 Prostate gland showing glandular lumen and epithelium
(arrows). D1‑D5 Seminal vesicles showing glandular epithelium
(arrows). E1‑E5 Vas deferens showing epithelium (yellow arrows);
H&E × 200
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male sexual development and fertility. Significant de-
cline in TS or an increase in EST and LH has been
shown to adversely affect sexual maturity and fertility
in male animals (Mann and Lutwak-Mann 2012). In this
study, decreases in TS and FSH were observed in the
PC and T3 groups on days 60 and 90, while LH was
decreased in the PC and T1 groups at day at all points.
These show deleterious effects of LA on the PC group
and suppression of FSH production in the high-dose
treatment group (NS 200 mg/kg). The decline in the
level of TS in the PC group can be attributed to the
lesions observed at histopathology; this ultimately

resulted in low sperm maturation stages and epididymal
reserves which translated into low sperm concentration
and viability. The effect of LA on male hormonal pro-
duction is dependent on the dose and duration of expo-
sure; hence, reports available in the literature are not in
synergy with one another. In one study, the administra-
tion of 0.05 % LA was shown to increase TS concen-
tration in male rats after 24 weeks of daily exposure;
however, the levels of FSH and LH were unaffected
(Allouche et al. 2009). This is contrary to our findings
and may be due to the difference in both the dose of
administration and study duration. On the other hand,

Fig. 5 Graphs showing spermiogram parameters of rats exposed to
chronic lead acetate treatment and N. sativa treatment a sperm
concentration, b individual motility, c general motility, d viability, and e

percentage abnormality. Bars with different superscript letters indicate
statistical significance at p < 0.05
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another study, which concurs with our findings, investi-
gated the effect of maternal LA administration during
lactation on offspring testicular parameters and function,
which resulted in a reduction of TS concentration after
90–120 days (Dorostghoal et al. 2011). The administra-
tion of NS oil to normal male rats was reported to
increase the levels of TS, LH, and FSH after 30–
60 days, indicating a positive effect on the hormonal
production (Bashandy 2007; Juma and Hayfaa 2011;
Mahdavi et al. 2015). Based on these reports, we can
say that the NS seed powder played a therapeutic role
on the testicular tissue and Leydig cells hence maintain-
ing TS production at normal levels throughout the ex-
perimental course. This agrees with a previous study,
where NS oil at 250 mg/kg was reported to increase
the level of TS in rats exposed to sodium valproate
(Hala 2011). Reactive oxygen species (ROS) such as
O2

− and H2O2 are responsible for oxidative and altered
levels of antioxidant enzymes such as SOD, GSH, and
catalase (CAT). Increased production of ROS has been
associated with tissue damage and disease (Abba et al.

2015). In this study, LA caused a decrease in GSH at
day 30 and SOD at all days of sampling. This shows
that LA caused a decline in the oxidant defense mech-
anism in untreated rats. On the other hand, treatment
with NS averted these effects and even led to an in-
creased level of GSH in the T3 group at days 60 and
90. The administration of low-dose LA has been report-
ed to induce oxidative stress in animals; such resultant
effects were attributed to oxidant organ damage and
dysfunction associated with LA toxicity in man and an-
imals (Ahamed and Siddiqui 2007). The protective ef-
fects of NS oil and seed extract against oxidant damage
have been reported; NS oil res tored increased
malondialdehyde and decreased GSH levels in rats ex-
posed to tramadol toxicity, while 10 % extract of NS
was able to restore imbalances in CAT, GSH, SOD,
MDA, glutathione peroxidase, and glutathione reductase
in mice exposed to carbon tetrachloride poisoning
(Elkhateeb et al. 2015). These reports concur with the
results of this study and support the fact that NS is a
potent antioxidant compound.

Fig. 6 Graphs showing hormonal concentrations of a follicle stimulating hormone, b luteinizing hormone, and c testosterone in rats administered LA
and NS treatments. Bars with different superscript letters indicate statistical significance at p < 0.05
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Conclusion

In conclusion, this study reports the presence of gonadal sper-
matogenesis suppression, decreased TS, and reduced antioxi-
dant defense in rats exposed to low-dose chronic LA admin-
istration. Similarly, it also showed the remarkable effects of
graded dose NS administration in ameliorating the adverse
effects of LA in the rats. From these findings, NS has shown
its antioxidant potentials against LA-induced oxidant damage
and it is therefore a good candidate for further exploration in
other heavy metal-associated toxicities.
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