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Abstract

Lead toxicity is one of the causative agents of male infertility that raised concern from
environmental contamination worldwide. L-carnitine, a biologically active amino acid,
present in high concentration in the reproductive organs such as the epididymis, is
involved in sperm maturation. The possible protective effect of L-carnitine in experi-
mentally lead-induced male reproductive toxicity in rats was evaluated in this study.
Thirty adult male Wistar rats were divided into three groups. Group 1: the negative
control group was treated with normal saline; Group 2: exposed to 50 mg/kg lead
acetate (2% solution in saline); and Group 3: treated with lead acetate 50 mg/kg (2%
solution in saline) + L-carnitine 100 mg/kg. At the end of the experimental period,
body and testicular weights were determined, blood samples were withdrawn for
hormonal assays of FSH, LH and testosterone. Sperm parameters as sperm count,
morphology, viability and motility were measured. Testicular tissue homogenates
were prepared for enzymatic assays and for measuring oxidative stress parameters.
Lead significantly increased both oxidative stress and the concentration of lactate
dehydrogenase-C in the testicular tissues with a decrease in sperm count, motil-
ity and viability. Lead acetate treatment, induced alteration in sperms with normal
morphology together with reductions in the serum FSH, LH, testosterone, body and
testicular weights. The concentration of 17p-hydroxysteroid dehydrogenase was sig-
nificantly reduced. Co-administration of L-carnitine significantly reduced testicular
oxidative stress, improved sperm parameters, elevated serum FSH, LH and testos-
terone with an insignificant reduction in the testicular weight. The concentrations of
17B-hydroxysteroid dehydrogenase and lactate dehydrogenase-C were significantly
improved by L-carnitine. The overall results indicate that L-carnitine is expected to

improve the lead acetate-induced male reproductive toxicity.

KEYWORDS

antioxidant, L-carnitine, lead acetate, oxidative stress, reproductive toxicity, sperm

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in

any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors Veterinary Medicine and Science Published by John Wiley & Sons Ltd

1426 wileyonlinelibrary.com/journal/vms3

Vet Med Sci. 2021;7:1426-1435.


www.wileyonlinelibrary.com/journal/vms3
mailto:﻿
https://orcid.org/0000-0003-2772-9566
https://orcid.org/0000-0002-0412-0689
http://creativecommons.org/licenses/by-nc-nd/4.0/

ABDEL-EMAM ano AHMED

1 | INTRODUCTION

Heavy metals poisoning is a major public health problem in the world.
Lead is one of the metals that causes death and diseases especially in de-
veloping countries (Needleman, 2004). Its toxicity can originate from con-
taminated air, water, food and dust. It is most common in children (Dapul
& Laraque, 2014). Lead can cause disease in different organs in the body.
The symptoms of toxicity include abdominal pain, headaches, memory
problems, constipation, inability to have children, behavioural abnormali-
ties (Dapul & Laraque, 2014). It may be behind unexplained male infertility
which is an important problem in humans. Lead can decrease the weights
of the body, testes, epididymes, prostate and seminal vesicle (Pinon-
Lataillade et al., 1995). Numerous studies documented that lead exposure
has been linked to altered sperm parameters which subsequently leads
to male infertility (Kumar, 2018; Martin et al., 2017; Wahab et al., 2019).
Searching for protective therapeutic agents against lead-induced repro-
ductive toxicity has been a great interest in scientific research.

L-carnitine is a biologically active amino acid, present mainly in high
energy-consuming tissues such as cardiac and skeletal muscles. It also
concentrates in reproductive organs such as the epididymis and testis
(Kobayashi et al., 2005). It plays a significant role in the mitochondrial
function for oxidation and energy production. Moreover, it causes
modification of acyl-CoA and CoA ratio, energy storage as acetyl-
carnitine and decreases toxic effects of non-metabolized acyl groups
(Vaz & Wanders, 2002). Previous studies reported beneficial effects of
L-carnitine and its acetylated form on sperm parameters and reproduc-
tion. Casillas (1973) observed that spermatozoa accumulate L-carnitine
in human epididymis, which is closely related to increased fertility of
spermatozoa. In the epididymis, a high concentration of free L-carnitine
is collected from the blood plasma and is transferred into the epidid-
ymal fluid. Then, it diffuses into the spermatozoa, where it is present
as both free and acetylated forms (Abdelrazik & Agrawal, 2009). An
increase in sperm motility is associated with a high concentration of
free L-carnitine in the epididymal fluid (Ng et al., 2004).

Our current study aimed to investigate the possible ameliorative
effect of L-carnitine on the mechanisms of reproductive toxicity in-
duced by chronic lead acetate treatment in male Wistar rats. This
was performed by measuring the sperm parameters including sperm
count, morphology, motility and viability. The testicular malondial-
dehyde (MDA) and total antioxidant capacity (TAC) were measured
together with the enzymatic concentrations of 17p-hydroxysteroid
dehydrogenase (17p-HSD) and lactate dehydrogenase-C (LDH-C).
Serum levels of hormones that play role in male reproduction as
follicle-stimulating hormone (FSH), leuteinizing hormone (LH) and
testosterone were measured.

2 | MATERIALS AND METHODS
2.1 | Chemicals

Lead acetate was supplied by Alpha Chemicals Company, Egypt, and

L-carnitine was purchased from Epico Company, Egypt.
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2.2 | Experimental animals

Thirty adult male Wistar rats (weight 200 g + 20 g, age three to
four months) were purchased from the animal house of Faculty of
Medicine, Assiut University. They were placed in clean cages; left
in the animal house under standard living conditions and fed with a
standard pellet diet and water. All procedures performed in the study
were complying with the ethical standards of Faculty of Medicine,
Assiut University for humane animal treatment, and complies with

relevant legislation.

2.3 | Experimental design

Rats were randomly assigned into three groups, each consisting of
10 animals. Group | served as the negative control group treated
with normal saline. Group Il the positive control treated with 50 mg/
kg lead acetate (2% solution in saline). Group Ill was treated with
lead acetate 50 mg/kg (2% solution in saline) + L-carnitine 100 mg/
kg (EI-Sherbini et al., 2,107). Rats were treated by oral gavage once
daily for 40 days. Lead acetate was given to group Ill on the 5th
day after administration of L-carnitine and continued for 35 days
according to the established protocol of Sudjarwo et al., (2017).
At the end of the treatment period, body weights were measured
and blood samples were withdrawn from the retro-orbital plexuses
while rats were under light ether anaesthesia. Both testes were dis-
sected out and weighted. The relative weight of the testes was cal-
culated according to the following formula:

Relative weight of testes = Weight of testes (g)/weight of the
body (g) x100.

2.4 | Sperm collection and testis homogenate
preparation

The caudae epididymis of each rat was quickly removed as described
by Raji et al., (2005), minced in 1ml phosphate buffer saline (PBS) pH
(7.2) (D’Souza, 2004), incised to allow free exit of the sperms out of
the epididymes. Approximately 50 ul was pipetted from the sperm
concentrate, diluted 20 times with phosphate buffer saline and used
for assessment of sperm parameters. One testis was washed by ice-
cold saline and homogenized (10% w/v) in PBS and the supernatant
was pipetted after centrifugation for 20 min. The supernatant was
used for estimation of the tissue levels of MDA, TAC, 17p-HSD and
LDH-C using standard kits.

2.5 | Sperm parameters
2.51 | Sperm count

Sperms were counted using the improved two-chambered Neubauer

haematocytometer. Approximately 10 upl of the diluted sperm
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Absolute testicular

Groups Body weight (g) weight (g)

Negative control 206.10 + 2.656 1.35 £ 0.009

Lead acetate 50 mg/kg 185.10 + 2.597* 1.12 + 0.017*
(2%)

Lead acetate 50 mg/ 174.80 + 1.730** 1.09 +0.020

kg (2%) +L-carnitine
100 mg/kg

*p < 0.05 vs. negative control.
**p < 0.05 vs. lead acetate group. Data presented as Mean + SE.

suspension was added to each chamber and counting was done ac-
cording to the method described by Raji et al., (2005). The sperm

concentration was expressed as sperm number x 10%/ml.

2.5.2 | Sperm motility

Immediately after sperm isolation and diluting the sperm suspen-
sion, about 10 pl was added to the slide chamber. The number of
sperms with progressive motility, non-progressive motility as well
as immotile ones was counted as described by Soleimanzadeh and
Saberivand (2013).

2.5.3 | Sperm viability

Sperm viability was done using the eosin staining technique as de-
scribed by Sudjarwo et al., (2017). Two drops of eosin stain solution
(1% in distilled water) were added to one drop of the freshly col-
lected sperm suspension in a test tube. Sperm viability was deter-
mined by counting viable and non-viable sperms in each chamber.

Sperm viability was expressed as the number of viable sperms.

2.5.4 | Sperm morphology

Sperm smears were prepared from diluted sperm suspension, al-
lowed to dry in air and examined for alterations in normal sperm
morphology (head and tail abnormalities) as close to those described
by Wyrobek and Bruce, (1975).

2.5.5 | Biochemical assays

The collected blood samples were centrifuged at 10,000 rpm
for 15 min to separate serum. The serum was stored at -20°C to
measure the levels of pituitary gonadotrophic hormones, FSH and
LH using Pishtaz Teb FSH and LH enzyme-linked immunosorbent
assay (ELISA) kits at 450 nm (Pishtaz Teb Diagnostics) according

to the enclosed instructions. Rat Testosterone ELISA kit supplied

TABLE 1 The effect of lead acetate

Relative testicular - ,
and lead acetate + L-carnitine on rats

weight (%
ght (%) body weight, absolute and relative
0.65 +0.011 testicular weights
0.60 + 0.015*
0.62 +0.020

by Biosource, Europe, Belgium, Catalog MBS282195, was used for
measuring serum testosterone levels.

The supernatant recovered after homogenization of the testic-
ular tissue was used for the measurement of malondialdehyde level
by MDA assay kits for research use only (Biodiagnostic, Giza, Egypt,
Catalog Number: MD 25 28) according to the method of Ohkawa
et al., (1979) and the enclosed instructions. Total antioxidant ca-
pacity was measured by the TAC assay kit for research use only
(Biodiagnostic, Giza, Egypt, Catalog Number: TA 25 12) according
to the method of Koracevic et al., (2001). The concentrations of 178-
HSD and LDH-C were measured using the rat enzyme-linked im-
munosorbent assay kit for 17-beta-hydroxysteroid dehydrogenase
(Catalog MBS2104946) and LDH-C (Catalog MBS2024970) respec-
tively (Biosource, Europe, Belgium).

2.5.6 | Statistical analysis

The software Graphpad Prism version 5 was used for analysing data.
Unpaired t test was performed to compare means between two

groups. Significance was considered at p-value < 0.05.

3 | RESULTS
3.1 | Effect on body and testicular weight

Lead acetate caused a significant (p < 0.05) reduction in rats’ body,
absolute and relative testicular weights in comparison with the
negative control group. Co-administration of L-carnitine improved
the relative testicular weight in comparison with the lead acetate-
treated group (Table 1).

3.2 | Effect on sperm count and morphology

A significant reduction in total sperm counts and elevation in sperms
with abnormal morphology were observed in the lead acetate-
treated groups in comparison with the negative control group.

The addition of L-carnitine improved both parameters significantly
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(p < 0.05) (Figure 1). The detected abnormal sperm heads (headless
sperm, amorphous head and head break) are presented in the lead
acetate-treated group (Figure 2).

3.3 | Effect on sperm viability and motility

Lead acetate induced a significant (p < 0.05) reduction in the number
of viable and motile sperms in comparison with the negative con-
trol group. Sperm viability and motility improved significantly with
L-carnitine (Figure 3). Eosin stain (1%) stained the heads of dead
sperms (pink) while heads of viable sperms remained colourless
(Figure 4).

3.4 | Effect onserum FSH, LH and testosterone

Serum FSH and LH levels were significantly reduced (p < 0.05) in
the lead acetate-treated group and a significant decrease (p < 0.05)
was noticed in the serum testosterone in the lead acetate group
when compared with the negative control. Co-administration of

L-carnitine with lead acetate caused a significant increase (p < 0.05)
in the serum levels of pituitary gonadotropins and testosterone rela-
tive to the lead acetate group (Figure 5).

3.5 | Effect on testicular MDA and TAC

A significant increase in MDA and reduction in TAC was observed
in lead acetate-treated groups vs. negative control (3.91 + 0.16
vs. 2.43 + 0.16 nmol/gm tissue for the MDA) and (1.21 + 0.10 vs.
2 + 0.05 mmol/L for the TAC). Co-administration of L-carnitine with
lead acetate reduced MDA and elevated TAC significantly compared
with the lead acetate group (3.28 + 0.24 vs. 3.91 + 0.16 nmol/gm
tissue for the MDA; and 1.67 + 0.02 vs. 1.21 + 0.10 mmol/L for the
TAC) (Figure 6).

3.6 | Effect on testicular 173-HSD and LDH

A significant reduction in the concentration of 17p-HSD was

observed in lead acetate-treated groups vs. negative control

Sperm count and morphology

54.4+2.4
60 S

50
40
30
20 3.1+0.49

0 R

Negative control

Groups

® Sperm counts (10%/ml)

24.7+23
*

Lead acetate 50 mg/kg
(2%)

44.4+2.3

14.4 £ 0,48

Lead acetate 50 mg/kg
(2%) + L-carnitine 100
mg/kg

f# Sperms with abnormal morphology

FIGURE 1 The ameliorative effect of L-carnitine on lead acetate-induced alterations in sperm count and morphology (Mean + SE).

*p < 0.05 vs. negative control; *p < 0.05 vs. lead acetate group

FIGURE 2 Sperm shape abnormalities detected in male rats treated with lead acetate (2%) solution (50 mg/kg) showing head and tail
abnormalities as following: (a) normal sperm, (b) headless sperm, (c) amorphous head, (d) head break (head without tail). Magnification power

400x
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Sperm motility and viability

62.6+15
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409+2.2
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299+13
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10

Negative control Lead acetate 50 mg/kg (2%) Lead acetate 50 mg/kg (2%)
+ L-carnitine 100 mg/kg

R Sperm motility (%)  »# Sperm viability (%)

FIGURE 3 The ameliorative effect of L-carnitine on lead acetate-induced alterations in sperm motility and viability (Mean + SE). *p < 0.05
vs. negative control; *p < 0.05 vs. lead acetate group
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FIGURE 4 Sperm viability; (a) dead sperm (pink), (b) viable sperm (colourless), (Black arrows); (Eosin 1%, 400x)

Serum FSH, LH, and testosterone
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U 1622007 2% #

*

15
1
0.5
0
Negative control Lead acetate 50 mg/kg Lead acetate 50 mg/kg
(2%) (2%)+ L-carnitine 100
mg/kg

BFSH (LU/ml) 7 LH (1.U/ml) M Testosterone (ng/ml)

FIGURE 5 The ameliorative effect of L-carnitine on lead acetate-induced alterations in FSH, LH and testosterone serum levels
(Mean =+ SE). *p < 0.05 vs. negative control; *p < 0.05 vs. lead acetate group

(0.027 + 0.0008 vs. 0.055 + 0.001 ng/mg tissue). Co-administration The level of LDH-C was significantly (p < 0.05) increased in the
of L-carnitine with lead acetate increased the tissue concentration lead acetate-treated group compared with the negative control
of 17B-HSD significantly compared with the lead acetate group (1.602 + 2.128 vs. 1.203 + 0.71 ng/mg tissue). L-carnitine treatment
(0.035 + 0.001 vs. 0.027 + 0.0008 ng/mg tissue) (Table 2). to the intoxicated rats caused a significant (p < 0.05) reduction in
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Testicular MDA and TAC levels

3.91+0.17
*

2.43+0.16

Negative control

H MDA nmol/gm tissue

Lead acetate 50 mg/kg (2%)

3.28+0.24
#

121401 1.67 £0.02

Lead acetate 50 mg/kg
(2%)+ L-carnitine 100
mg/kg

v TAC mM/L

FIGURE 6 The effect of L-carnitine on lead acetate-induced oxidative stress (Mean + SE). *p < 0.05 vs. negative control; #n < 0.05 vs.

lead acetate group

TABLE 2 The effect of lead acetate and lead acetate + L-
carnitine on testicular 173-HSD and LDH-C concentrations

17B-HSD (ng/mg  LDH-C (ng/mg

Groups tissue) tissue)
Negative control 0.055 +0.001 1.20 + 0.715
Lead acetate 50 mg/kg (2%) 0.027 + 0.001" 1.60 + 2.128"

Lead acetate 50 mg/kg (2%)  0.035 + 0.001" 1.46 +1.145"

+L-carnitine 100 mg/kg

*p < 0.05 vs. negative control.
**p < 0.05 vs. lead acetate group. Data presented as Mean + SE.

LDH-C level compared with the lead acetate group (1.46 + 1.145 vs.
1.602 + 2.128 ng/ml) (Table 2).

4 | DISCUSSION

Male infertility is a major health problem, characterized by de-
creased both sperm production and sperm function. One of the main
aetiologies of male infertility is occupational and environmental ex-
posures to toxic heavy metals, such as lead. Lead exposure leads to
permanent damage to various organs and it has complex and multi-
ple pathways in infertility. L-carnitine, widely found in nature, has
many effects on human health which have been popularized. This
study attempts to investigate the negative effects of lead acetate
exposure in experimental animals and the possible protective effect
of L-carnitine on male fertility.

In the present study lead acetate caused significant (p < 0.05)
reductions in rats’ body weight, absolute and relative testicular
weights in comparison with the negative control group. These re-
sults are consistent with Elgawish and Abdelrazek (2014), who re-
ported a significant reduction in testicular weight in lead-treated

rats. Gani et al., (2016) reported a significant reduction in rats’ body

weights after treatment with lead acetate. This was explained by
the interruption of absorption and metabolism of food and nutri-
ents essential for health. Co-administration of L-carnitine to lead
acetate-treated rats caused a further reduction in body and testic-
ular weights compared with the lead-treated group. Abo-Ghanema
et al., (2012) documented similar results. The decrease in the tes-
ticular weight may be attributed to the hypolipidaemic effect of
L-carnitine as it increases the influx of fatty acids into the mito-
chondria for energy production resulting in loss of fat in tissues.

Lead acetate exposure caused a significant decrease in total
sperm counts and elevation in sperms with abnormal morphology
in the current study. Moreover, lead acetate produced a significant
reduction in the number of motile and viable sperms in comparison
with the negative control group. These results are in agreement
with other previous studies which reported that lead exposure leads
to alterations in sperm parameters as a decrease in sperm count.
Chronic lead exposure impairs spermatogenesis which can subse-
quently decline sperm counts (Pizent et al., 2012). Moreover, lead
exposure leads to a high level of abnormal sperms and immature
spermatozoa (Chowdhury et al., 1986). Another study observed
that high blood and semen lead levels produced a negative relation
with sperm count, morphology, viability and motility among battery
factory workers. This was associated with high lipid peroxidation
and reduction in seminal plasma ascorbic acid as reported by Naha
et al., (2005). Furthermore, Li and his co-worker (2018) showed that
high concentrations of lead in drinking water decreased motility of
sperms, density, viability and produced significant morphological ab-
normalities of spermatozoa (Li et al., 2018). Chronic lead exposure
caused a significant reduction in sperm vitality, motility, density and
morphology in the exposed rats as well as a significant reduction
in zinc concentration in testicular homogenates (Martin et al., 2017).
The deteriorative effects of lead acetate on sperm parameters
were reported by other previous studies (He et al., 2016; Jegede
etal.,, 2015; Sudjarwo et al., 2017).
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The deleterious effects of lead acetate on sperm parameters
were greatly related to lead-induced oxidative stress. These obser-
vations were evidenced in this study especially that it was accom-
panied by a significant elevation in lipid peroxide (MDA) level and
reduction in TAC in the testicular homogenate. Similar results were
reported by El-Tohamy and El-Nattat (2010), where lead acetate
caused a significant increase in semen MDA and a significant reduc-
tion in semen TAC of male rabbits.

The ability of lead acetate to induce oxidative stress has been
documented by several previous studies (EI-Sherbini et al., 2017;
Haleagrahara et al., 2011; Patri et al, 2017; Samarghandian
et al., 2013; Sharma & Thakur, 2017; Wang et al., 2013). Moreover,
chronic exposure of rats to lead resulted in an elevation in lipid
peroxide concentration in the reproductive organs (Marchlewicz
et al., 2007). Oxidative stress ensues when the generation of re-
active oxygen species (ROS) overwhelms the antioxidant defence
mechanisms of body organs. Dysfunction and damage of several
body organs occur under the influence of oxidative stress. The re-
productive system is mostly affected as the sperms are highly vul-
nerable to oxidative stress according to Saleh and Agarwal (2002).
Although minute amounts of ROS are produced by sperms to facil-
itate their functions in fertilization (Faure et al., 2011; Griveau & Le
Lannou, 1997), large amounts of ROS appear to negatively impact
these sperms. The ROS attack and destroy the cellular membranes
of sperms, initiate lipid peroxidation, damage nucleic acids and impair
DNA repair (Vigeh et al., 2011). These contribute to a reduction in
sperm viability with an increase in abnormal sperm morphologies. In
the eosin staining technique, the viable sperms remained colourless
while dead sperms were stained in pink as eosin stain can penetrate
into dead sperms but not in viable sperms. Destruction of spermatic
cell membranes contributes to altered membrane permeability and
diffusion of eosin dye into sperms indicating its death.

The effect of lead-induced oxidative stress cannot be ruled out
in its effect on sperm motility. Reactive oxygen species may impair
sperm motility through inducing phosphorylation of axonemal pro-
teins or reducing ATP generation within the spermatic cells which
are necessary for the movement of sperms (Armstrong et al., 1999;
de Lamirande & Gagnon, 1992).

The addition of L-carnitine to lead-treated rats improved sperm
parameters significantly. The oxidant and antioxidant status in tes-
ticular tissue were also significantly improved. L-carnitine is a bio-
active substance, derived from lysine and methionine amino acids,
which could accelerate lipid metabolism. It has an important role in
mitochondrial p-oxidation that is involved in cellular energy produc-
tion. Furthermore, L-carnitine protects DNA and cell membranes
from damage induced by free oxygen radicals (Lenzi et al., 2004; Ye
et al., 2010). Free L-carnitine and acetylated L-carnitine which are
present in high concentrations in the epididymal fluid and sperma-
tozoa than in blood play a significant role in sperm motility (Vicari &
Calogero, 2001). Aliabadi et al., (2012) reported a significant increase
in sperm motility induced by L-carnitine and L-acetyl carnitine in the
sperm cells extracted from testes. Moncada et al., (1992) showed

a statistically significant increase in the progressive sperm motility

after treatment with L-acetyl carnitine in patients with idiopathic oli-
goasthenozoospermia. The values of progressive motility returned
to pre-treatment values after cessation of L-acetyl carnitine which
indicated that it was drug related (Moncada et al., 1992). The high
concentrations of carnitine are believed to improve sperm motility
through the enhancement of mitochondrial fatty acid oxidation and
ATP production (Ng et al., 2004). According to Aitken and Baker, the
generated reactive oxygen species can disturb sperm motility by
interrupting ATP production or flagellar axoneme phosphorylation
(Aitken & Baker, 2006). The anti-oxidant property of L-carnitine can
therefore improve sperm motility as documented by our study and
supported by Solarska et al., (2010).

The positive impact of L-carnitine on sperm parameters have
been studied in previous studies. It was directly related to im-
provements in sperm parameters as sperm counts, viability and
morphology (Ahmed et al., 2011; Al-Daraji & Tahir, 2014; Khademi
et al., 2004). The improvements in sperm parameters can be at-
tributed to the antioxidant properties of L-carnitine as it prevents
the production of free radicals in the semen as reported by Agarwal
and Said (2004). According to Surai (2015), several antioxidant
mechanisms for L-carnitine were proposed, including its ability to
directly scavenge free radicals; chelate catalytic metals-promoters
of ROS, such as Fe and Cu; maintain mitochondrial integrity and pre-
vent ROS formation and inhibit ROS-generating enzymes, such as
xanthine oxidase and NADPH oxidases with an additional synthesis
of antioxidant enzymes.

Chronic administration of lead acetate resulted in a significant
reduction in the serum levels of pituitary gonadotropins—FSH and
LH as well as testosterone in the current study. These results are
coinciding with Wahab et al., (2019). Low testosterone level has
also been reported in lead exposure (Doumouchtsis et al., 2009; Yu
et al., 2010). Impairment of spermatogenesis in chronic lead expo-
sureis attributed to hormonal imbalance induced by disruption of the
hypothalamic-pituitary axis causing areductionin follicle-stimulating
hormone/luteinizing hormone and gonadotropin-releasing hormone
(Doumouchtsis et al., 2009). Disruption in gonadotropin-releasing
hormone by lead could be a possible mechanism for the reduced
levels of FSH and LH (Gore, 2001). Compromised pituitary gonad-
otropin levels impair spermatogenesis and negatively impact sperm
counts (Ahmed & Abdel-Emam, 2019). Follicle-stimulating hormone
directly enhances spermatogenesis, increases the testicular size and
Sertoli cell differentiation (O'Shaughnessy et al., 2010). Luteinizing
hormone is the primary hormone necessary for maturation of and
steroidogenesis in Leydig cells. Reduction in serum testosterone
levels of lead acetate-exposed rats could be attributed to the re-
duction in serum LH. This can impair spermatogenesis and re-
duced sperm counts as reported by Almansour, (2009). Treatment
of lead-intoxicated rats with L-carnitine in our study showed a
significant elevation in serum levels of FSH, LH and testosterone.
L-carnitine treatment showed similar results in previous studies
(Rahimi & Shariati, 2017; Rezaei et al., 2018). Moreover, Al-Daraji
and Tahir (2014) reported that L-carnitine can increase serum levels

of FSH and LH which subsequently improves spermatogenesis and
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testosterone level. As an antioxidant, L-carnitine can inhibit free rad-
icals and increase the expression of the antioxidant enzymes lead-
ing to reduced oxidative stress (Zambrano et al., 2014). Oxidative
stress can decrease FSH, LH and testosterone levels (Rezaei
et al., 2018). Additionally, L-carnitine can increase the release of lu-
teinizing hormone-releasing hormone, which activates the release
of LH which activates the release of testosterone (Abo-Ghanema
etal., 2012).

17B-hydroxysteroid dehydrogenase is the main enzyme ex-
pressed in the testis to convert androstenedione into testosterone.
The level of testicular 178-HSD was reduced in the lead acetate-
treated rats which coincides with the reduced serum levels of tes-
tosterone hormone. Wahab et al., (2019) reported reduced testicular
17B-HSD activity in the lead acetate-treated rats for 35 days. The
reduced serum levels of LH can explain the reduced activity and con-
centration of 17p-HSD as LH signals the initiation of steroidogenesis
in the testes and hence the observed decrease in serum testosterone
levels. Down-regulation of 173-HSD expression leads to the inhibi-
tion of LH-stimulated testosterone production (Al-Rubiey, 2012).
Co-administration of L-carnitine with lead acetate resulted in an ele-
vation in the testicular levels of 17p-HSD. As L-carnitine can increase
the serum levels of LH, the stimulating effects of luteinizing hormone
in the initiation of steroidogenesis may also promote the activity and
the concentration of 17p-HSD (Ribeiro & Abucham, 2009).

Lactate dehydrogenase-C (formerly known as lactate dehy-
drogenase-X) is the first testis-specific isozyme discovered in male
germ cells. It is involved in the conversion of glucose to lactate to
be utilized in energy production by the spermatozoa. Lead intoxica-
tion caused a significant elevation in testicular LDH-C level which
coincides with the results of Bello and Idris (2018), who reported a
significant increase in LDH in the serum of lead acetate intoxicated
rats. The oxidative damage of the testicular tissue and increased
leakage of the enzyme from the damaged tissues could be a possible
explanation for the elevated LDH-C level. The addition of L-carnitine
to lead acetate intoxicated rats resulted in a significant reduction in
LDH-C concentrations. The antioxidant effect of L-carnitine can min-
imize the oxidative-induced damage within the testicular tissue and
subsequently reduce the leakage of LDH-C. Abd-Allah et al., (2009)
and Aliabadi et al., (2013) reported an increase in LDH-X and LDH-
C4 activity in the testicular tissue after treatment with L-carnitine.
A recent study showed that antioxidant agents can reduce the LDH
activity in lead toxicity (Udefa et al., 2020). It seems that chronic
lead intoxication increases the leakage of LDH-C from the damaged
testicular tissues and increases its activity (as a compensatory mech-

anism) due its inhibitory effect on spermatogenesis.

5 | CONCLUSION

From the abovementioned results, chronic lead acetate exposure
significantly impairs sperm parameters. This is associated with an
increase in testicular oxidative stress markers, alterations in enzy-

matic levels of lactate dehydrogenase and 17beta-hydroxysteroid
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dehydrogenase and reduction in pituitary gonadotropins and testos-
terone which may negatively impact male reproduction. L-carnitine
supplementation improved the deteriorated sperm parameters, im-
proved testicular oxidative stress, hormonal and enzymatic levels
by its antioxidant properties. Therefore, L-carnitine can be recom-
mended to ameliorate the reproductive toxicity of chronic lead ex-

posure among lead workers.
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