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Abstract:

This study was conducted to determine the role of L-Carnitine (LC) and Nano L-Carnitine protected male
rats from testicular toxicity caused by lead acetate (PbAc) by investigating the effectiveness of biosynthesized L-
Carnitine nanoparticles (LC-NPs) on the fertility status of male rats. LC-NPs were synthesized, which could be
by encapsulating I-carnitine in Chitosan (CS)-tripolyphosphate (TPP)-based nanoparticles (NP);

Materials and methods: six groups of adult Wistar albino rats (10 per group) were divided as follows: The first
group (control group): received orally Distilled water. the second group: received orally lead Acetate at a dose of
30 mg/kg of body weight daily for 30 days. third group: received (lead acetate 30mg/kg b.w.for 30 days + L-
carnitine 100mg/ kg b.w. /day for two months). fouth group received lead acetate 30mg/kg b.w.for 30 days
+Nano L-carnitine 100mg/ kg b.w./day for two months). fifth group: received L-Carnitine orally at a dose of
100mg/ kg b.w./day for two months. sixth group: received L-Carnitine-NPs orally at 100mg/ kg b.w./ day for
two months.

Results: a significant increase (P<0.05) in the testosterone hormone levels in the lead acetate+ Nano L-Carnitine
group compared with the lead acetate group. While showed decreased levels of FSH and LH in the lead acetate+
Nano L-Carnitine group compared with the lead acetate group.

On the other hand, The results showed a significant increase (P<0.05) in the percentage of count and maotility in
group three(lead acetate+l-carnitine) and group four (lead acetate + nano I-carnitine) compared with group two
(lead acetate). Show better improvements in the percentage in group four. Also showed a significant (P<0.05)
decrease in the rate of dead sperm and abnormal morphology in group three and group four compared with group
two (lead acetate). Histopathological changes were marked in testes; these changes included damage. Severe
degeneration and sloughing of germinal epithelium with basement membrane disarrangement; no spermatid in
seminiferous tubule lumens accompanied with atrophy and irregularity, vacuolization with few spermatogonia in
seminiferous tubule lumens those changes reduced or disappeared in the treated groups.

Keywords: nanoparticles, chitosan, L-carnitine, lead acetate, sperm parameters, testes, reproductive hormones.

Introduction:

Nanobiotechnology is today regarded as the foundation for advancing all life sciences
and biomedical research sectors, including diagnostics, treatment, and medication delivery
(1). Many factors restrict the efficiency of many therapies, including low bioavailability, in
vivo low stability, solubility, intestinal absorption difficulties and therapeutic effectiveness,
side effects, and exceeding the safe dose concentrations of many of these therapies (2). In
most cases, only a fraction of the required dosage reaches the intended target (3). According
to its kinetics and biological features, the majority of the drug is distributed throughout the
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rest of the human body. (4, 5). Among the numerous benefits of using nanoparticle delivery
methods are high in vivo stability, long-term payload capacity release, and passing through
narrow capillaries and cellular compartments. (6).

Nanoparticles might also improve the medication's therapeutic index, regulate its
pharmacokinetics and biodistribution, and help form long-term drug reservoirs. (7). Smaller
nanoparticles (50-200 nm), with high loading capacity, delayed complex dissociation in vivo,
and target optimization to the desired region with little absorption by surrounding tissues are
among the additional criteria. The design of formulations that incorporate these properties
while also being cost- and complexity-effective is necessary for effective delivery systems
(8).

Chitosan, a linear polysaccharide of deacetylated units of -(1-4)-linked D-glucosamine
and acetylated N-acetyl-D-glucosamine, is an N-deacetylated derivative of chitin. Chitosan is
made by treating chitin extracted from shrimp and other crustacean shells with sodium
hydroxide, an alkali (9). Chitosan has been investigated for biocompatibility, low toxicity,
biodegradability, and relatively inexpensive manufacturing costs owing to the abundance of
natural materials used in the creation of the polymeric drug carrier material (10,11).

L-carnitine, commonly known as levocarnitine, is an amino acid molecule that occurs
naturally in the body (12). People may also receive it via their food or an oral supplement. L-
carnitine is essential for energy generation because it turns fat into energy (13). L-carnitine
has low health impacts and is abundant in antioxidants. As a result, it is utilized to prevent
and treat oxidative stress and associated health concerns. (14). When long-chain fatty acids
are used for energy, L-carnitine is an antioxidant that aids in the process. Anti-inflammatory,
anti-apoptotic, cardioprotective, and gastroprotective properties are only a few of the
numerous biological functions it possesses (15). It also contributes to sperm metabolism,
maturation, motility, and spermatogenesis by supplying energy, in irradiated testes, L-
carnitine inhibits apoptosis. Furthermore, there is evidence that corticosteroids positively
impact spermatogenesis in IR-affected testes. (16). These anti-inflammatory medicines inhibit
the generation of free radicals and preserve the cell wall. They also prevent vessels from
becoming more permeable (17,18).

Lead is one of the most common and dangerous heavy metals, and it is abundant in
aquatic habitats and soil near industrial regions(19). Lead metal is distinguished by its popular
silver, a little bluish color, and brightness in dry weather (20). The primary sources of lead
exposure in our everyday lives include drinking water, food, cigarettes, residential sources,
and manufacturing operations like fuel, home gilding, plumbing tubes, buckshot slugs,
batteries, children's toys, and water taps (21). Lead is emitted into the atmosphere via
industrial operations and car exhausts, and it travels to soil and water bodies, where plants
absorb it, then people are exposed to lead by drinking water and eating (22). Lead
accumulates in mammalian tissues such as the liver, testes, brain, kidneys, and bones, and
these organs are often examined in wildlife toxicology research. ( 23, 24, 25).
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Materials and Methods:

Synthesis and Characterization of LC-NPs:

Chitosan-carnitine acid adduct (Cs-Ca) synthesis:

According to references, these steps were used to make chitosan-I-carnitine adduct (26,27,28)

Nanoparticles made of Chitosan and carnitine were synthesized.

Synthesis of Cs-Ca NPs, by ionic gelation method, was used using TPP and Cs-Ca
adduct. For six hours, Cs-Ca (1 mg/ml) and TPP solution were mixed at ambient temperature
with constant stirring at a ratio of 1: 2.5 (w/w %) in an acetic acid solution (1 percent w/v).
TPP triggered ionic gelation of Cs-Ca/TPP nanoparticles. This was the first step in the
process. Separation, washing, and drying of these nanoparticles resulted in the precipitate
being resuspended in water and drying.

Characterization of L-carnitine-chitosan nanoparticles:

These characterization tests were done in the material research laboratories at the
ministry of sciences and technology environment and water research and technology director
(EWRTD) in Baghdad city.

UV-VIS spectrophotometer

The stability and production of L-carnitine nanoparticles were studied using a double
beam (labored). Spectrophotometers with wavelengths ranging from (200 —to 800 ) nm. The
solution was measured at the wavelength (of 480 ) nm (29).

Fourier Transform Infrared (FTIR Analysis):

Fourier-transform infrared (FTIR) spectroscopy is the most practical method for
identifying chemicals based on the presence of functional groups or interactions between
them. Organic and inorganic chemicals in an unknown combination were analyzed using
FTIR (Shimadzu) in solid, liquid, and gaseous forms. The fact that most molecules absorb
light in the infrared region of the electromagnetic spectrum is the basis for FTIR. It turns data
from the interference pattern into a spectrum (30) by measuring the frequency as wave
numbers, which are generally in the range of 4000-400 cm. For the characterization of
unknown compounds, FTIR is a useful instrument.

Animal of the study:

The present study was conducted in the college of Veterinary medicine —at Basrah
University, in the animal house of the department of physiology. A total number of 60 male
adult albino rats(RattusRattus), with an average weight between (212+10g) and the ages (8 -
10 )weeks, were housed for two weeks for an adaptation before the experiment. Every ten
animals were housed in an individual plastic cage measured as 15x35x50cm. They were fed
ad libitum with the meal of standard pellet of diet, they had free access to water to drink, and
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they were kept under the exact condition of temperature (22-25) C° and light, the regime of
14hours of light, and 10 hours, of darkness.

The Experiments design :
Animals in the study were divided into six groups. Each group consists of 10 male rats
used for the design experiments as the following:
1- Group-1(control Group): received orally Distilled water
2- Group -2 (lead acetate Group): received orally lead Acetate at a dose of 30
mg/kg of body weight daily for 30 days. Depended on LD50.
3- Group 3 received (lead acetate 30mg/kg b.w.for 30 days + L-carnitine (100mg/
kg b.w. daily for two mouths)
4- Group 4: lead acetate 30mg/kg b.w.for 30 days +Nano L-carnitine (100mg/ kg
b.w. daily for two mouths)
5- Group 5 (L-carnitine): received LC orally at a dose 100mg/ kg b.w. daily for
two mouths
6- Group 6 (Nano L-carnitine): received LC-NPs orally at 100mg/ kg b.w daily for
two months.
Note: - all experiments proceed for two months.

Blood and sample collection:
Blood collection:

The blood sample was collected via cardiac puncture according to (Hoff and Ralatg's,
2000) method. The controlled and treated animals, before sacrificing, were first anesthetized.
The blood sample was collected directly from the heart by using a 5ml disposable syringe,
and about (5)ml of the blood collection were put in a non-heparinized plane tube to be
centrifuged at (3000 rpm for 15 minutes ) to obtain the serum, which was then transferred to
epndroffe tubes and stored at (-4C) until analyzed for all measurement. At the same time, the
sample collecting was the testis for the sperm viability and histological examination.

Hormones Assay (Enzyme-Linked Immunosorbent Assay "ELISA™)

Testosterone, follicular stimulating hormone (FSH), and Luteinizing Hormone (LH).
An enzyme-linked immunosorbent works on the principle of using an enzyme to detect
antigen (Ag) antibody binding (Ab). The enzyme produces a colorful product from a colorless
substrate, indicating the presence of Ag: Ab binding (31).

Sperm evaluation
Preparation of suspended sperm in the tail of the epididymis.

The tail of the left epididymis was excised and placed in a clean watch glass
containing one millimeter of warm physiological normal saline. Then the tail was opened and
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cut by microsurgical scissors into very miner fragments for performing sperm examination
(32).
Sperm concentration (107/ml).

The sperm count was performed using the technique given by (Mohan et al.,1980).
Using Hemocytometer (Neubauer Type), 0.1 ml from sperm suspension by pipette was taken
and diluted by 19.9 ml from diluting fluid. The Hemocytometer sides were filled with the
drop from sperm suspension diluted and covered by a slide; the sperm were counted in five
medium squares of the chamber. The estimation of sperm was measured according to the
following formula:

Sperm conc. = No. of sperm counted in five medium square x400 x200 x10

80

80 = No. of small squares counted in five medium squares. 400= The total number of small
squares. 200= Dilution factor. 10= VVolume coefficient

3.3.7 B. Sperm abnormal morphology (%6).
The percentage was calculated by taking the average of two slide smears according to the
following equation (33).

Abnormal sperm morphology (%) = No. of morphologically abnormal

sperms /Total sperms No. x100.

Sperm motility (%6).
The percentage of motility was estimated using the method below (34).

Percentage of motility = No. of motile spermatozoa x 100 Total

spermatozoa

Dead and life sperm (viability) %.
Eosin-nigrosin viability sperm technique used nigrosin stain to increase the contrast between
the background and the sperm heads (35).
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Histological studies:

the testis was collected from all studied groups to prepare slides for a histological
examination according to (36) with the aid of the light microscope.
Statistical analysis:

For data analysis, | used the statistical software package Statistical Package for Social
Scientists (SPSS version 18.0) and Microsoft Office Excel 2016. A one-way ANOVA with an
LSD post hoc test revealed a significant difference in group mean values. Whenever possible,
paired t-tests were used to compare standards. When the p-value was less than p<0.05., the
results were considered significant. (37)

3. Results:

Carnitine-loaded Chitosan nanoparticles (LC-NPs).

The nanoparticles were produced by the ionic gelation process by interacting between
Chitosan's positively charged and TPP's negatively charged phosphate groups.

Characterization of L-Carnitine nanoparticles (LC-NPs);

Different spectrophotometric techniques like UV-visible, and FTIR, analysis were used
to investigate the morphology, elemental composition, crystalline nature, functional group, and
stability of synthesized LC-NPs.

UV-visible spectroscope:

The Ultra violate analysis of prepared CNP and functionalized Chitosan nanoparticles
with L-carnitine was carried out by scanning the ready solution with a UV-visible
spectrophotometer from (200- to 800 nm). As evident in figure (1), the absorption peak for the
solution of CS-LC is observed at a wavelength of 733 nm, whereas the peak of the LC-NP was

obtained at 257 nm wavelength.
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Figure (1) UV-visible spectroscope in Nano LCNPs
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Figure (2) UV-visible spectroscope chitosan.

4.2.2. Fourier transforms infrared spectroscopy analysis (FTIR):

To determine the molecular structure of Chitosan, a Fourier Transform Infrared (FTIR)
analysis was carried out by scanning the prepared solution of L-Carnitine (LC-CNPs) with
wavelength ranges from (400- 4000 cm-1) to indicate the bonding of substance, as shown in
figures (3), The chemical structure of Chitosan was investigated using FTIR measurements;
various distinctive bands deriving from the presence of amine and methylene groups on
Chitosan were discovered. The CH2 antisymmetric stretching modes are attributed to bands at
2926 cm-1. A band at 1649 cm-1 is ascribed to the N-H bending mode, while another at 1076-
1325 cm-1 is assigned to C-N stretching modes due to the presence of the amine group. Also,
the analysis by the functional groups of the products was identified using FTIR spectra. It
revealed that the molecule had the anticipated functional group. Chitosan's FTIR spectra
revealed various vibration patterns, including 2926 cm-1 for NH, 3417 cm-1 for -OH, 1560 cm-
1 for C=0 stretching vibration, and 1325 cm-1 for NH stretching vibration. Chitosan has a
distinctive stretching vibration of NH related to an NH group in -NH-CO- (acetylated amine
group). Because the hydrogen bond in amine is weak and less polar, the vibration of the amine
group of Chitosan in the 3417 cm-1 corresponded with OH vibration. It causes the N-H bond to
vibrate less intensely than the OH bond. The appearance of an absorption band at 653-1076
cm-1 indicated the presence of a C-O vibration. As predicted, the absorption pattern indicates
that the residue is Chitosan.

This demonstrates that chitosan functional groups interact with LCNPs loaded via ionic
gelation (Fig. 4). The incorporation of L-Carnitine results in an increase in the intensities of
FTIR spectral bands in Chitosan-LCNPs films at 3755 cm-1, 3437 cm-1, 2924 cm-1, 1654 cm-
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1, and 1136 cm-1, corresponding to NH2 and OH stretching, CH2 group, C=C stretch, and
C=0 group C-O-C linkage, respectively. implying the presence of extensive coordination
bonding between functional groups of Chitosan and L-Carnitine, leading to the conclusion that
CS-LCNPs should be located between chitosan chains connecting via its functional groups The
relationship between phosphoric and ammonium ions has been blamed for these outcomes. As
a result, we believe that TPP's tripolyphosphoric groups are connected to Chitosan's ammonium
groups. In chitosan nanoparticles, inter-and intramolecular activities are improved.
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Figure (3) FT-IR spectrum showing functional groups of Chitosan.
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Figure (4). FT-IR spectrum showing functional groups of biogenic L-carnitine nanoparticles
(LC-NPs)
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sperm parameters:

Characteristic features of rat epididymal sperm in experimental groups are illustrated in
Table (1). The results showed a significant (P<0.05) decrease in the percentage of the count and
motility of sperm in the Lead Acetate group compared to the control group. At the same time,
the results showed a significant (P<0.05) increase in the percentage of dead sperm and
abnormal morphology with Lead Acetate compared to the control group.

The results showed a significant increase (P<0.05) in the percentage of count and
motility in group three (lead acetate + I-carnitine) and group four (lead acetate + nano |-
carnitine) compared with group two (lead acetate). Show better improvements in the percentage
in group four(lead acetate + nano I-carnitine). Also showed a significant (P<0.05) decrease in
the percentage of dead sperm and abnormal morphology in group three and group four
compared with group two (lead acetate).

Non-significant differences (P<0.05) in the percentage of the count, and motility, of sperm
between the L-carnitine group and Nano L-Carnitine, compared to the control group.
The results showed a significant (P<0.05) decrease in the percentage of dead sperm and
abnormal morphology in Nano L-carnitine compared to the control group.

Table (1): physiological effect of lead acetate, L-Carnitine, and Nano L-Carnitine or
combination (Pb+LC) on sperm parameters.

parameters ( Mean + SD)

Groups

Count *107 Motility Dead (%) Abnormal (%)
Control 20.0 £ 2.0b? 94.2 +2.092 11.0+ 1.769 13.9 +1.37%
Lead acetate (U/L) 10.2 +1.87¢ 51.5 + 5.85¢ 28.1 + 3.1082 30.4 +3.7728
Lead + L.Carnitin (U/L) 142 +1.31° 77.0+£2.49° 19.0 +1.49° 21.2 +2.65°
Lead+NanoL.Carnitin (U/L) 18.8 +1.93° 85.8 + 3.42° 14.0 £1.82° 16.4 £ 1.57°¢
L.Carnitin (U/L) 20.8 +1.87°2 | 94.9 +1.522 9.3+ 1.33% 13.2 + 2.04%
L.Carnitin Nano (U/L) 21.6 +1.642 95.0 £ 1.242 8.2+1.31° 10.4 + 1.50¢
LSD 1.60 2.84 1.71 2.07

*The different small letters de not show significant differences at (P<0.05)
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Effect of lead acetate, I-carnitine, and Nano I-carnitine on reproductive hormones of adult
male rats.

In Table (2), the Characteristic features of some male reproductive hormones show a
significant decrease (P<0.05) in the (TESTO) in the rats exposed to Lead Acetate (Pb ) ( 30
mg/kg) in comparison with other experimental groups. And shows a significant increase
(P<0.05) in the (FSH) and (LH ) in the rats exposed to Lead Acetate ( 30 mg/kg) in comparison
with other experimental groups.

The results showed a significant increase (P<0.05) in the testosterone hormone levels in

the lead acetate+ Nano L-Carnitine group compared with the lead acetate group. While showed
decreased levels of FSH and LH in the lead acetate+ Nano L-Carnitine group compared with
the lead acetate group.
While the Nano L carnitine and L Carnitine only groups showed a significant (P<0.05)
decrease in the concentration of FSH and LH compared to the lead treated group. In contrast, a
significant (P<0.05) increase in the concentration of Testosterone in comparison with lead
treated group.

Table (2): physiological effect of lead acetate, L-Carnitine, and Nano L-Carnitine or
combination (Pb+LC) on reproductive hormones of adult male rats.

parameters ( Mean + SD )

Groups

Testosterone(ng/ml | FSH(mIU/ml)| LH (mIU/ml)
Control 5.24 + 0.35° 2.74 £ 0.43° 3.17 £ 0.38%
Lead acetate (U/L) 3.98 +0.32¢ 3.68 £ 0.272 4.13 +0.342
Lead + L.Carnitin (U/L) 4.10 +0.12¢ 3.38+0.25% | 3.77 +0.46%
Lead + L.Carnitin Nano (U/L) 4.75 + 0.29° 3.00 + 0.31°¢ 3.60 + 0.340¢
L.Carnitin (U/L) 5.50 + 0.312 2.85+0.34° 3.06 + 0.32¢
L.Carnitin Nano (U/L) 5.72 £0.332 2.61+0.32° 2.97 +0.30¢
LSD 0.26 0.29 0.32

*The different small letters de not show significant differences at (P<0.05)
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Effect of Lead acetate (Pb) on the histological finding of the testes and the protective
effects of L-carnitine and Nano L-carnitine.

Testes

The histological examination of rat tests in the control group consists of seminiferous
tubules; it contains multilayers of spermatogenic and Sertoli cells, which extend from the
basement membrane to the lumen of the tubule. The interstitial cells were located (fig 5).

A histological section taken from testes of the rats after administration of lead acetate
showed severe histopathological changes, including Damage, degeneration, and sloughing of
the germinal epithelium with disarrangement of the basement membrane; no spermatid in the
lumens of seminiferous tubules accompanied with atrophy and irregularity; vacuolization with
small numbers of spermatogonia in the lumen of seminiferous tubules. Interstitial edema and
seminiferous tubules vacuole. Abnormal mitosis. Shows a reduction in diameter of
seminiferous tubules of lead acetate and increased interstitial space. Vascular congestion of
interstitial space. Interstitial hemorrhage with edema. Shows apoptotic cells in the lead group
with necrotic spermatid in the center of ST. There is an empty lumen and dispersed Sertoli
cells, as well as a degraded interstitial space in the tubules shown. Figures (6), (7), and (8).

In groups three and four, the rats administrated lead Acetate with L- carnitine and Nano L-
carnitine. The hazardous effect of lead was decreased due to the protective role of L- carnitine
as an antioxidant; it was revealed that most of the seminiferous tubules have consisted of
multilayers of germ cells, but the spermatogenesis process was incomplete in some
seminiferous tubules, as well as increase the luminal size of tubules figure (9- 10).

In group I-carnitine with lead acetate, shows a typical architecture of ST with narrow lumen
and prominence Leydig cells with spermatids, showing mature spermatozoa in the lumen of
ST, the spermatogenesis was incomplete. Increase the luminal size of seminiferous tubules due
to the effect of the spermatogenic process by lead acetate fig (9).

In Nano I-carnitine with lead, Acetate shows Seminiferous tubules in the epithelial layer of
cells exhibit decreased sloughing and elongation when exposed to nano I-carnitine, showing
restoration of spermatogenesis in most of the seminiferous tubules and expansion of
intratubular space and mild improvement in the seminiferous tubules structure with narrow
intestinal space and restoration of spermatogenesis. fig (10)

Were revealed that when rats were administrated with L-carnitine and Nano |- carnitine, which
led to activation of the spermatogenesis process, L-carnitine is necessary for fertility and
improves the germ cells to complete the spermatogenic cycle. This group showed the normal
leydig' s cells, and mitotic and mitosis division was apparent in the spermatogenic cells
(spermatogonia, primary and secondary spermatocyte, spermatid, and spermatozoa). Figures
(11) and (12)
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Figure (5). Show seminiferous tubules of
rat testis in the control group(hematoxylin
and Eosin .40x).

Figure (6).testicular sections of lead acetate
treated rats.the treated rats were
administrated 30mg/kg body weight of lead
acetate. (hematoxvlin and Eosin .40x).

Figure (7). Testicular sections of Lead
Acetate treated group. (hematoxylin
and Eosin .10x).

Figure (8). Testicular sections of Lead
Acetate treated group. (hematoxylin
and Eosin .10x).
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Figure (9). Testicular sections of rats
administrated lead acetate for 30 days with L-
carnitine for 60 days. (hematoxylin and Eosin
.40x).

(112).
administrated L-Carnitine. (hematoxylin and
Eosin .40x).

| Figure Testicular

sections of rat

Figure (10). Testicular sections of administrated
lead acetate for 30 days with Nano L-carnitine for
60 days. (hematoxylin and Eosin .40x).

sections of rat
(hematoxylin

Testicular

Figure
administrated Nano L-Carnitine.
and Eosin .40x).

(12).

Characterization of L-Carnitine-chitosan Nanoparticles.

UV spectroscopy revealed a peak at 257 nm in the CSNPs prepared for analysis. This might be
because Chitosan contains an amido group. As agreed with (38) of has a peak at 226 nm in his
spectra. Chitosan nanoparticles were found to have a peak at 310 nm by (39). Chitosan peaks at
201 nm, according to (40). According to the FT-IR data (Figure 1) and (2), chitosan and L-
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Carnitine Nanoparticles (NPs) both contain a wide variety of functional groups. Phenols,
alcohols, alkanes, alkynes, and aldehydes have these functional groups. (41) made similar
results in According to (42).

Effect of lead acetate, L-Carnitine, and L-Carnitine loaded chitosan-nanoparticles on
sperm parameters, reproductive hormones, and histopathological changes in adult male
rats.

The results showed a significant increase in the percentage of count and motility in group three
(lead acetate + I-carnitine) and group four (lead acetate + Nano L-carnitine) compared with
group two (lead acetate). Show better improvements in the percentage in group four. Also
showed a significant decrease in the rate of dead sperm and abnormal morphology in group
three and group four compared with group two (lead acetate).

The detrimental effect of lead acetate as an oxidative agent affects the testes ( 43, 44, 45).
Furthermore, in the lead acetate group, a drop in serum testosterone, as well as an increase in
MDA concentrations, might be attributable to caused changes in spermatogenic processes and
Leydig's cells steroid biosynthesis, which impaired sperm quality and male infertility, resulting
in azoospermia (46, 47). Chronic lead exposure inhibits spermatogenesis, causing sperm counts
to drop (48). Lead exposure also results in many defective sperm and immature spermatozoa
(49). Another research found that high lead levels in the blood and sperm harmed sperm count,
morphology, viability, and motility in battery industry employees. According to (50) this was
related to significant lipid peroxidation and decreased seminal plasma ascorbic acid.

Furthermore, Lead in drinking water has been shown to diminish sperm motility, density, and
viability, as well as produce major structural flaws in spermatozoa, according to recent research
by (51). In exposed rats, chronic lead exposure resulted in a significant loss in sperm vitality,
motility, density, and morphology and a significant decrease in zinc content in testicular
homogenates (52). Spermiogenesis, sperm capacitation, acrosome response, and sperm—oocyte
contact need low ROS generation by spermatozoa at physiological levels. In spermatozoa,
superoxide is primarily produced by intracellular oxidases/peroxidases and leakage of
mitochondrial electrons from the electron transport chain. Spermatozoa defects, exceptionally
high cytoplasmic residue, or activation of the intrinsic apoptotic pathway, may significantly
enhance ROS generation, resulting in OS. As stated before (53), plasma lipid peroxidation
levels can be used to indicate seminal oxidative stress (54). Unbalanced ROS and an increase
of SO2¢ or H202 can cause male infertility. They are associated with the destruction of the
sperm plasma membrane, losing potential in the mitochondrial membrane, germ cell
programming death, and sperm DNA damage, leading to several abnormal morphological
changes during sperm morphogenesis, simultaneously reducing the inability of fertilization (
55, 56).
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Administration of lead acetate in concomitant with L-carnitine and Nano L-Carnitine
significantly improved sperm parameters compared with lead acetate values, which may be due
to the antioxidant properties of L-Carnitine.

Antioxidant enzymes are protected from oxidative stress by |-carnitine, a free radical scavenger
that prevents the buildup of oxidative stress byproducts, according to the study (57).

Lead-treated rats received L-carnitine supplementation, which resulted in considerable
improvements in sperm parameters. A significant improvement in testicular tissue oxidant and
antioxidant status was also observed. Lysine and methionine amino acids are the building
blocks of L-carnitine, a bioactive molecule that may improve lipid metabolism. Cellular energy
generation is facilitated by its participation in mitochondrial beta-oxidation. DNA and cell
membranes are also protected from free oxygen radical damage by L-carnitine (58; 59). Sperm
motility is greatly influenced by large amounts of L-carnitine in the epididymal fluid and
spermatozoa as opposed to blood (52). L-carnitine generated a considerable increase in sperm
motility in testes, according to (60). Sperm motility improved statistically significantly when L-
carnitine was administered to patients with idiopathic oligoasthenozoospermia. Remarkably,
the levels of progressive motility returned to their pre-treatment levels after stopping L-
carnitine (61). Carnitine has been shown to enhance sperm motility by increasing mitochondrial
fatty acid oxidation and ATP synthesis in the mitochondria (62). L- carnitine's antioxidant
capability may enhance sperm motility and count (63). Previous research has shown that L-
carnitine improves sperm parameters. Sperm counts, viability, and morphology all improved
directly (52,64). L- carnitine antioxidant capabilities may be contributed to the improvement in
sperm parameters, it stops the semen from producing free radicals (65). Carnitine's ability to
scavenge free radicals directly; chelate catalytic metals-promoters of ROS, such as Fe and Cu;
maintain mitochondrial integrity and prevent ROS formation; inhibit ROS-generating enzymes,
such as xanthine oxidase and NADPH oxidase, with an additional synthesis of antioxidant
enzymes, such as L-carnitine, has been proposed as an antioxidant mechanism (66).

Toxic levels of free radicals cause oxidative stress, and when the system's ability to remove
them from the body is impaired, it quickly leads to cellular damage (52). In the present
investigation, the blood testosterone levels were significantly reduced by using lead acetate.
Lead exposure has also been linked to a decreased testosterone level (67). Chronic lead
exposure impairs spermatogenesis because of hormonal imbalance caused by a rise in FSH,
LH, and gonadotropin-releasing hormone caused by disturbance of the hypothalamic-pituitary
axis (68). Testicular spermatogenesis and epididymal sperm are directly affected by lead,
which causes reproductive damage (69).

Workers exposed to Pb for an extended period exhibited a drop in testosterone levels, which
may be due to the inadequacy of Sertoli and Leydig cells (70). Due to the direct toxic action of
Pb on the testicles, these data show that Pb exposure lowers testosterone production, which in
turn increases FSH and LH levels (71). This enzyme is essential for converting
androstenedione into Testosterone, and it is mainly found in the testicles. Rats treated with lead
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acetate had lower amounts of 17-HSD in their testicles, correlated with lower testosterone
levels in the bloodstream. Testicular 17-HSD activity was decreased in rats treated with lead
acetate for 30 days by (72).

The 17-HSD level in the testicles was elevated when L-carnitine and lead Acetate were
administered together (73). In our experiment, we found that administering L-carnitine to rats
exposed to high amounts of lead elevated their testosterone levels significantly. Similar
outcomes have been seen in prior investigations using L-carnitine (74,52). Aside from lowering
FSH and LH blood levels, L-carnitine has also been shown to increase testosterone levels in
males. L-carnitine, an antioxidant, may reduce oxidative stress by inhibiting free radicals and
increasing the production of antioxidant enzymes (75).

The cross-sections of testes in rats exposed to lead acetate showed histopathological alterations
in testicular architecture. There are no spermatogonia in the seminiferous tubule lumen due to
atrophy of the seminiferous tubules and irregularity, and vacuolization with a small number of
spermatogonia can occur as a result of Lead Acetate harming the male reproductive system
through degenerative testes and the loosing of germinal epithelial cells that disrupt the
basement membrane. Seminiferous tubules vacuole and interstitial edema are both present. The
present study's findings on the effects of lead were consistent with those of previous
investigations. (76, 77).

Administration of L-Carnitine and Nano L-Carnitine concurrently with lead acetate caused
significantly improved histopathological alterations of testes, near to normal and protected
them from induced oxidative injury, and this might be due to the free radical scavenging
activity of L-Carnitine, manifested by rearrangement of cells of seminiferous tubules and
restored their activity, treatment with LC would reduce the levels of ROS, which would avoid
the lipoperoxidation and its harmful effects at the cellular level. ( 78; 79). In mice, pretreatment
with L-carnitine 1 hour before being exposed to a magnetic field protected sperm motility and
count against the effects of a high magnetic field (80). Aside from that, the outcomes of
According to the results of the previous investigation, pretreatment with Reversing
histopathological alterations with L-carnitine was the most effective treatment Magnetic field-
induced tubular dilation, sloughing of the lining, and absence of spermatogonia and
spermatogenesis (80). Studies have shown that carnitine acts directly on Sertoli cells'
intermediate metabolism, pointing to the Sertoli cell as a potential target for carnitine activity in
the testis (81). Rat Sertoli cells in primary culture were shown to have increased fatty acid
oxidation, glucose uptake, and lactate/pyruvate production in response to carnitine (81).

Administration of L-Carnitine and Nano L-Carnitine, which improved hormonal profile and
maintained Leydig's cells integrity, attributed to its antioxidant and androgenic properties
against lead acetate properties.

203



REDVET - Revista electrénica de Veterinaria - ISSN 1695-7504 i
Vol 23, No. 3 (2022) 1 EDVE'W

http://www.veterinaria.org Revista Electiorica de Veternara |
Article Received: 25 March 2022; Revised: 15 April 2022; Accepted: 17 May 2022; Publication: 02 e
July 2022

Conclusion: Lead acetate poisoning in rats might benefit from L-carnitine administration to
protect the testis, reproductive hormones, and sperm parameters, as well as improving this
harm with nano I-carnitine.
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