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Abstract

Introduction: One of the target organs of heavy metals is testis and many authors proposed that oxidative stress could be
responsible to induce their toxicity. An experimental study was conducted to evaluate the molecular mechanisms of lead (Pb)
and cadmium (Cd) toxicity, their toxicodynamic interaction and to evaluate therapeutic potential of N-Acetyl L-cysteine (NAC)
against the reproductive toxicity in male Wistar rats. Material and methods: rats were randomly divided into 8 groups comprising
of 6 rats in each. Group 1 and 2 were syam and NAC control, Group 3, 4 and 5 were kept as toxic control groups such as lead,
cadmium and lead + cadmium respectively, where as Group 6, 7 and 8 were therapeutic groups with NAC. The experiment
scheduled for 3 months. Body weights, anti-oxidant profile (GSH, GST, TBARS and protein carbonyls) in testis, testis weight,
testicular LDH, sperm count and histopathology were conducted. And also, interaction of Pb and Cd with zinc (Zn) and copper
(Cu) in testis was assessed. Results: The present study revealed significant alterations in body weights, anti-oxidant profile,
weights of testes, testicular LDH, sperm count, and concentration of Zn and Cu in toxic control groups 3, 4 and 5 as compared to
control and NAC-treated groups. The toxic combination (Pb+Cd) group 5 showed significant alterations in protein carbonyls, GST
levels and testicular LDH as compared to Pb and Cd alone administered groups and these results are substantiated with marked
changes in the histopathology. All the NAC-treated groups revealed significant improvement in all the parameters. Conclusion:
The results of the investigation revealed that Pb, Cd and their combination induces toxicity to the biological system due to the
excess generation of free radicals and impairment of anti-oxidant defenses. Toxic effects were more pronounced in the group
that received a combination of Pb and Cd, suggesting positive toxicodynamic interaction. Use of NAC countered the adverse
effects of Pb and Cd induced toxicity to a major extent suggesting its anti-oxidant potential owing to replenishment of tissue pool
of GSH. Further, NAC administration reduced the extent of accumulation of Pb and Cd in various tissues.
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INTRODUCTION in various organs and the male reproductive organ is clearly an

important target. Reproductive dysfunction of these metals
The toxic effects of lead (Pb) and cadmium (Cd) can manifest ~ have distinct morphological and biochemical features such
as disorganized epithelia, decreased sperm quality, altered
sperm morphology and low androgen levels. Cadmium is a
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Website: non-biodegradable metal and lead is environmental pollutant
www.jnsbm.org are known directly to cause destruction to the testicular
organs and hypothalamus-pituitary-gonadal axis.'"” These
DOI: heavy metals induce testicular injury, highlighting the
10.4103/0976-9668.117021 disruption of the blood-testis-barrier (BTB), which is a
major target in the testis.
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Effects of lead on male reproductive functions include
abnormalities in sperm counts, motility, morphology”! and
spermatogenesis. Toxicity is manifested in male reproductive
system by deposition of lead in testes, epididymis, vas
deferens, seminal vesicle and seminal ejaculate. Pb has an
adverse effect on sperm count and retarded the activity of
a live sperm. Moreover, motility as well as prolonged latency
of sperm melting both, in exposed person and experimental
animals was observed after Pb exposure. Cd also causes
dose- and time-dependent inhibition of the serum
hormonal levels of FSH and LLH, which induce the signals
for testosterone synthesis. An inhibition of these signals
results in the time-dependent monophasic serum inhibition
in testosterone levels showing reproductive dysfunction,
cell death and apoptosis by Cd.P® Exact mechanism of
action of Pb and Cd induced reproductive toxicity is still
unknown, but oxidative stress could response for their
production of toxicity.*" The heavy metal-induced dectease
in the activities of anti-oxidant enzymes might result from
its ability to remove biometals from active centers of these
enzymes and binding to their -SH groups.® There is negative
correlation between concentration of metals and activities of
anti-oxidant enzymes in the tissues. Moreover, these metals
might influence the enzymatic anti-oxidant system indirectly
via disorders in the body status and depletion of bioelements
necessary for proper function of these enzymes such as
selenium (Se), zinc (Zn), copper (Cu), manganese (Mn) and
iron (Fe). GPx is a Se-dependent enzyme; CAT contains Fe
inits active centre, whereas SOD activity is dependent on Zn,
Cuand Mn.P' Most of the studies were cartied out following
exposure to a single metal and some studies on co-exposure
to Pb and Cd showed that these metals had additive effects
on anti-oxidants system in the biological system."!

N-acetyl L-cysteine (NAC), a potent anti-oxidant, is
a sulfur-based amino acid needed to make reduced
glutathione (GSH), a natural non-enzymatic anti-oxidant
produced in the body to fight free-radical activity. It is
being employed clinically for the treatment of many
diseases. It is an excellent scavenger of free radicals and
has been also used as a chelator of heavy metals to protect
against oxidative stress and prevent damage to cells.'*!!
Therefore, the present study was undertaken to explore the
toxicodynamic interaction of Pb with Cd and to evaluate
the protective role of NAC in rats.

MATERIALS AND METHODS

Chemical reagents

Lead acetate, Cadmium chloride and all other chemicals
used in our experiments were purchased from SRL Pvt.
Ltd., Mumbai.

Animals

Male Albino rats of Wistar strain weighing about 200-250 g
were procured from National Institute of Nutrition,
Hyderabad, Andhra Pradesh. The animals used in this study
were approved by Committee for the Purpose of Control

and Supervision of Experiments on Animals (approval
no. 5/1/10/2010).

Experimental design

The study was carried out on 48 male Wistar rats randomly
divided into 8 groups with six rats in each group. All the
groups were maintained as per the following schedule for
3 months.

Group 1: Normal control.

Group 2: N-acetyl-L-cysteine NAC) @ 300 mg/kg body

weight.

Group 3: Lead toxic control (lead acetate @ 1000 ppm
in feed).

Group 4: Cadmium toxic control (cadmium chloride @
300 ppm in feed).

Group 5: Lead and cadmium toxic control @1000 and
300 ppm, respectively, in feed.

Group 6: Lead and NAC, respectively @ 1000 ppm in

feed and @ 300 mg/kg body weight.

Cadmium and NAC, tespectively @ 300 ppm

in feed and @ 300 mg/kg body weight.

Group 8: Lead, cadmium and NAC, respectively @1000,
300 ppm in feed and @ 300 mg/kg body weight.

Group 7:

Lead and cadmium were used in the form of lead acetate
and cadmium chloride given in the form of mash feed,
NAC administered by oral gavage by diluting in the distilled
watet.

Biochemical assays

Rat testis tissues were collected at the end of 3" month.
Rats were fasted overnight and sacrificed by cervical
decapitation; testes were removed, dissected out, weighted,
and washed in ice-cold saline. Some pieces were immediately
homogenized (1:10, w/v) in a cold (4°C) buffer containing
Ttis base (20 mmol/L), EDTA (1 mmol/L) and sucrose
(0.5 mmol/L), KCI (150 mmol/L) with the pH adjusted to
7.4. Homogenates were centrifuged at 4000 g for 20 min at
4°C, and clear supernatant collected for estimation of lipid
peroxidation levels i.e., TBARS,™ GSH," GST,!"¥ Protein
carbonyls,™ testicular LDH (kit procured from SRL Pvt.
Ltd., Mumbai.), Epididymal sperm count,!'” Zn and Cul"
and lead and cadmium!"® and protein levels!” using serum
bovine albumin as the standard. Histopathology of testis
was done by standard procedure.

The data were analyzed using one way ANOVA by
Statistical Package for Social Sciences (version 10.00) and
results were expressed as mean ¥ standard error.
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RESULTS

The concentration of GSH (U moles/mg protein) and
the activity of GST (W moles/min/mg protein) in testis
revealed a significant (P < 0.05) decrease in toxic control
groups 3, 4 and 5 as compared to groups 1 and 2 and
the lowest concentration of GSH (significantly 5% level)
and GST (non significant at 5% level) were found in the
combination group 5, which was significantly (P < 0.05)
different when compared to groups 3 and 4. The GSH
and GST concentrations in NAC treated groups 6, 7 and 8
showed a significant (P < 0.05) increase as comparable to the
toxic control groups and it was comparable to groups 1 and 2.

The concentrations of TBARS (n moles of MDA
released/mg protein) and protein carbonyls (n moles/mg
protein) in testis revealed a significant (P < 0.05) increase in
toxic control groups 3, 4 and 5 as compared to groups 1 and
2 and the highest concentration of TBARS (non significant
at 5% level) and protein carbonyls (significant at 5% level)
were found in combination group 5, when compared
to groups 3 and 4. The TBARS and protein carbonyls
concentrations in NAC treated groups 6, 7 and 8 showed
a significant (P < 0.05) decrease as compared to that of
toxic control groups and were comparable to groups 1 and
2 |depicted in Table 1].

The activity of LDH (IU/L) in testis revealed a
significant (P < 0.05) increase in toxic control group 3,
4 and 5 as compared to groups 1 and 2 and the highest
concentration was found in combination group 5, which

was significantly (P < 0.05) different when compared to
groups 3 and 4. The LDH activity in NAC treated groups
0, 7 and 8 showed a significant (P < 0.05) decrease in the
activity as compared to that of toxic control groups.

The weight of testes (g) and the Epididymal sperm
count (million/ml) of testis revealed a significant (P < 0.05)
decrease in the toxic control groups 3, 4 and 5 as
compared to groups 1 and 2. The testicular weight in NAC
treated groups 0, 7 and 8 showed a significant (P < 0.05)
improvement as compared to that of toxic control groups.

The concentration of Zn and Cu (ppm) in the testis
revealed a significant (P < 0.05) increase in the toxic
control groups 3, 4 and 5 as compared to groups 1 and 2.
The concentration in NAC treated groups 6, 7 and 8 was
comparable to groups 1 and 2 [Table 1].

The concentration of Pb (ppm) in the testis revealed a
significant (P < 0.05) increase in the toxic control groups 3
and 5, as compared to NAC treated groups 6 and 8, while
it was not detectable in groups 1, 2, 4 and 7. Whereas the
concentration of Cd (ppm) revealed a significant (P < 0.05)
increase in the toxic control groups 4 and 5 as compared to
in NAC treated groups 7 and 8, while it was not detectable
in groups 1, 2, 3 and 6.

The histopathology of testis in group 3 showed
degenerated seminiferous tubules and reduced number
of leydig cells [Figure 1], group 4 revealed degenerated

Table 1: Concentrations of oxidative biomarkers, Pb, Cd, Zn and Cu in different groups of rats

Parameters Control group Toxic control group Therapeutic group
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8
control NAC lead cadmium lead+Cd lead+NAC cadmium+NAC lead+NAC
control
GSH (u moles/mg  4.55+0.16b° 4.70+0.25° 2.18+0.08*  2.08+0.10° 1.57+0.06° 3.72+0.63° 3.68+0.27° 3.59+0.39°
protein)
GST (umoles/min/  2.77+£0.19° 2.66+0.16® 0.91+0.022  0.93%0.07° 0.72+0.022  2.29+0.21° 2.38+0.18%° 2.25+0.12°
mg protein)
TBARS (n moles of 3.67+0.132 3.65+0.232 6.87+0.26°  6.90+0.34° 8.21+0.37° 3.78+0.122 3.73+0.10° 3.81+0.142
MDA released/mg
protein)
Protein carbonyls 0.62+0.022  0.68+0.04® 2.12+0.12°  2.03+0.08° 2.45+0.05° 0.66+0.032 0.65+0.05° 0.69+0.05°
(n moles/mg
protein)
Zn levels (ppm) 28.17+0.86% 27.46+1.63° 40.78+1.82° 40.71+2.30° 44.21+1.88> 28.33+1.27¢8  27.50+1.662 26.17+1.902
Cu levels (ppm) 1.11£0.06* 1.18+0.058  1.43+0.07°  1.51+0.05° 1.55+0.04° 1.134£0.062 1.20+0.05° 1.234£0.072
Pb levels (ppm) BDL BDL 8.21+0.19° BDL 8.31+0.20° 1.63+0.212 BDL 1.39+0.102
Cd levels (ppm) BDL BDL BDL 1.79+0.05° 1.83+0.03° BDL 0.43+0.022 0.41+0.032
Weight of testis 3.26+0.07¢ 3.17+0.03% % 2.33+0.03° 2.45+0.05° 2.90+0.09° 2.95+0.10° 2.92+0.08°
Testicular LDH 122.8945.32 125.56+4.9° 251.13+9.56° 291.21+12.5° 288.54+13.73° 140.52+9.25 143.204+8.67° 138.12+6.98°

(IU/L) activity
Epididymal sperm  62.33+1.66° 60.66+1.99° 26.00+2.082
count (million/ml)

26.33+1.422

28.50+1.80° 51.00+1.84°>  50.66+1.14° 51.83+1.60°

Values are meanzstandard error (n=6) means with different small alphabets as superscripts differ Significanty (P<o.05) for horizontal comparison, N-Acetyl L-cysteine,
LDH: Lactate dehydrogenase, MDA: Malondialdehyde, TBARS: Thiobarbituric Acid Reactive Substances, GSH: Glutathione, GST: Glutathione S Transferase, BDL: Below

Detectable Level
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seminiferous tubules and very few number of leydig
cells [Figure 2], group 5 revealed hemorrhages, interstitial
edema, degeneration of tubules and few tubules have
full spermatozoa and some are lacking [Figure 3]. The
NAC treated group 6 showed mild changes in and around
tubules [Figure 4], 7 revealed mild degeneration and
separation of tubules [Figure 5] and 8 showed almost
normal architecture [Figure 6] when compared with their
respective toxic control groups at the end of the 3* month.

Figure 3: Photomicrograph of testis showing hemorrhagic, interstitial
edema degeneration of tubules and few tubules have full spermatozoa
and some are lacking. (H and E x200) (Group 5)

o R s 2, Row, L SR
Figure 5: Photomicrograph of testis showing mild degeneration and
separation of tubules. (H and E x200) (Group 7)

DISCUSSION

The biomarkers of oxidative stress (GSH, GST, TBARS
and protein carbonyls) were studied in testis to evaluate

7 . =5
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Figure 2: Photomicrograph of testis degenerated seminiferous tubules
and very few number of leydig cells (H and E x200) (Group 4)

1

Figure 4: Photomicrograph of testis showing mild changes in and
around tubules. (H and E x200) (Group 6)
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Figure 6: Photomicrograph of testis showing almost normal
architecture. (H and E x200) (Group 8)
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the extent of free radical-induced damage due to the
toxic heavy metals. An imbalance between pro-oxidants
and anti-oxidants, in favor of the pro-oxidants, results in
oxidative stress associated with oxidative modification of
bio-molecules such as lipids, proteins and nucleic acids.”"!
The present study revealed significantly decreased (P <0.05)
concentration of GSH in toxic co exposed control group
5 as compared to individual exposed Pb and Cd groups
3 and 4. Similarly, a decreased concentration of GST was
observed in Pb and Cd combination group 5, whereas the
concentration of TBARS and protein carbonyls revealed
a significant (P < 0.05) increase in toxic co exposed
control group 5. Protein carbonyls found increased
significantly (P < 0.05) when compared to individual
exposed groups 3 and 4 and activity of TBARS did not
show any significant change as compared to individual
toxic control group. Hence, from the data it is hypothysed
that there is a positive pharmacodynamic interaction
exist in between these metals. The testis expresses several
anti-oxidants enzymes, such as superoxide dismutase,
catalase and glutathione peroxidase to counteract the
oxidative stress, their levels are greatly diminished upon
Cd*? exposures.” As such, Cd*?is likely to substitute Ca*?
ot Zn**in crucial physiological processes that are mediated
by these ions, resulting in the activation and/or inhibition of
several signaling pathways. For instance, Cd ™ may cause an
increase in oxidative stress by binding to sulthydryl groups
of proteins and by depleting glutathione.*! Thereafter, the
oxidative stress may promote alteration of DNA repair
mechanisms and induction of cell proliferation, which, in
turn, may lead to tumorigenesis.* Significant increase in
the lipid peroxidation products (LPP) in lead-treated rats
was found®! when compared to controls. An increase
in LPP damages various cellular components of tissues
and the investigation showed a significantly increased
concentration of LPP in testis, epididymis.

The present study also exhibited the increased testicular
LDH activity, the highest concentration was found in
combination group 5, which was significantly (P < 0.05)
different when compared to individual exposed groups
3 and 4 and significant reduction in epididymal sperm
count in toxic control groups 3, 4 and 5. Lactate
Dehydrogenase (LDH) is a marker cytoplasmic enzyme
known to be present only in the primary spermatocyte
and spermatids, is the most active form of enzyme present
in the mature sperm. Whereas LDH is affected by these
metals.” The spermatozoa require LDH for necessary
metabolic activity during passage from testis to the site
of fertilization in the oviduct.”” As the enzyme appears
to be the reliable marker for metabolic abnormalities.”
Various studies suggest an interaction of heavy metals
with the hypothalamo-hypophysis axis controlling
spermatogenesis.”” Some authors have reported that male

rats exposed to lead acetate showed a significant decrease
in the weight of the testes™ and epididymis.>” This
reduction in weight of sex glands was accompanied by
an alteration of the normal histological structure and also
exhibited disordered arrangement of germ cells, a decrease
spermatogenic cell layer in the seminiferous tubules. The
present study also revealed significant reduction on the
weight of the testes in the toxic control group. Further,
these results were well substantiated by marked alteration in
the histopathological examination of testis. NAC prevented
these changes at the end of the experiment owing to its
anti-oxidant potential by replenishing GSH pool in the
tissues.

Present study also aimed to evaluate the correlation
between micro minerals (Zn and Cu) with bio metals
(Pb and Cd), results of the data concluded that there was
a positive correlation exist among Zn, Cu concentration
and accumulation of biometals in respective toxic control
group. Interactions between trace elements in this study
were similar to those found in polluted areas or in
experimental studies in animals receiving diets containing
high levels of toxic metals or inadequate levels of nutritional
essential elements.”**! These interactions probably indicate
that mineral balance in the body is regulated by important
homeostatic mechanisms in which toxic elements compete
with the essential metals, even at low levels of metal
exposure. The knowledge of these correlations may be
essential to understand the kinetic interactions of metals
and their implications in the trace metal metabolism. Zn
redistribution in the body is under the influence of Cd. The
Cd-induced Zn redistribution in the body and kidney Cu
deposition were a result of Cd accumulation and its ability
to introduce metallothionein synthesis in the liver and
kidney. The metallothionein is important in homeostasis
and storage of Zn and Cu.’? Lead has also been shown
to induce the synthesis of metallothionein in several
instances.’ Both Zn and Cu have also been shown to bind
to metallothioneins.P¥l Besides, inhibition of micronutrient
utilization by several metabolizing enzymes in the presence
of lead and cadmium also contributes to the accumulation
of these micronutrients in tissues. As Pb and Cd replace
them from anti-oxidant enzymes by false substitution, the
anti-oxidant enzymes fail to function propetly, which results
in free radical-induced tissue damage. This is evident from
the results of the present study, which revealed oxidative
stress in various organs studied.

CONCLUSION

The present investigation enunciated that Pb, Cd and
their combination induced reproductive toxicity due to
the excess generation of free radicals and impairment of
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anti-oxidant defenses. Toxic effects were more pronounced
in the group that received a combination of Pb and Cd
suggesting positive toxicodynamic interaction. Use of NAC
countered the adverse effects of Pb and Cd induced toxicity
to a major extent suggesting its anti-oxidant potential
owing to replenishment of tissue pool of GSH as NAC
is an excellent scavenger of free radicals and chelator of
heavy metal."! Further, NAC administration reduced the
extent of accumulation of Pb and Cd. Therefore, it is useful
to administer N-acetyl L-cysteine to counter the adverse
effects of these toxic metals in the biological system.
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