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Abstract

Bacterial infections, including Staphylococcus aureus, can impair testicular tissue and sperm quality by causing
oxidative stress and inflammation. The aim of this study was to investigate the protective effects of nanochitosan-
loaded - Lepidium draba extract on sperm parameters and oxidative stress indices in rats infected with
Staphylococcus aureus. In this experimental study,28 adult male Wistar rats weighing 180-220 g were divided
into four groups control, infected with Staphylococcus aureus(108CFU/mI) infected model+receiving
nanochitosan (1 ml),and infected model+receiving nanochitosan carrying the plant Lepidium draba extract (200
mg/kg).Treatment was administered for 30 days via gavage. After the end of the period, the animals were
anesthetized and epididymal and testicular tissue were extracted to examine sperm parameters (number, viability,
sperm morphology) and testicular tissue oxidative stress indices(superoxide dismutase, glutathione peroxidase,
catalase, total antioxidant capacity, and malondialdehhyde).The results showed that in the bacteria-infected group
compared to the control group, a significant decrease was observed in sperm parameters (count, viability, normal
morphology)and antioxidant enzyme activities (superoxide dismutase, catalase, glutathione peroxidase, total
antioxidant capacity), along with a significant increase in malondialdehyde levels (p < 0.001). In the group treated
with chitosan nanoparticles loaded with Lepidium draba extract, a significant increase in sperm parameters and
antioxidant levels, as well as a significant decrease in malondialdehyde levels, was observed compared to the
infected group (p < 0.05). These findings indicate that nanochitosan carrying - Lepidium draba extract protects
epididymal and testicular function by modulating oxidative stress and can possibly be used as a complementary
treatment for infertility associated with bacterial infection.
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EXTENDED ABSTRACT

Introduction: Bacterial infections, especially those caused by important pathogens such as Staphylococcus
aureus, can have significant detrimental effects on male reproductive health. The main mechanism of this damage
is the creation of inflammation and, in particular, the induction of oxidative stress in testicular tissue. Under
conditions of oxidative stress, the balance between the production of reactive oxygen species (ROS) and the body's
antioxidant defense system is disrupted. Increased ROS damage the membranes, proteins, and DNA of germ cells
(spermatozoa) and testicular Sertoli and Leydig cells. This damage leads to impaired spermatogenesis, reduced
sperm quality and function, and ultimately infertility. On the other hand, common antibiotic treatments, although
targeting the infection, do not necessarily repair the oxidative damage caused. Therefore, finding adjuvant
solutions with strong antioxidant properties to protect testicular tissue during and after infection seems essential.
Medicinal plants have always been of interest to researchers as rich sources of bioactive compounds with
antioxidant, anti-inflammatory and antimicrobial properties is an endemic Lepidium draba extract plant of Iran
that is used in traditional medicine to treat a variety of diseases. Various studies have proven the antioxidant, anti-
inflammatory and antimicrobial properties of this plant extract. However, direct use of plant extracts may face
limitations such as low stability, limited solubility and insufficient absorption. anotechnology can overcome these
challenges by providing suitable carriers. Nanochitosan is a biocompatible and biodegradable natural polymer
that, due to its positive charge and unique properties, has the ability to bind and efficiently transport
pharmaceutical compounds and can increase their stability and bioavailability. Loading of  Lepidium draba
extract into chitosan nanoparticles can create a more targeted and effective drug delivery system. This study was
designed and conducted to evaluate the protective effects of Lepidium draba extract plant extract loaded into
chitosan nanoparticles (nanochitosan -Lepidium draba) on sperm parameters and oxidative stress indices in the
testes of male rat infected with Staphylococcus aureus. This experimental study evaluated the protective effects
of nanochitosan-loaded Lepidium draba L. extract on sperm parameters and oxidative stress markers in male
Wistar rats systemically infected with S. aureus.

Material and methods: In this experimental study, 28 adults male Wistar rats weighing 180-220 g were divided
into four groups: control, infected with Staphylococcus aureus (108 CFU/ml), infected model +receiving
nanochitosan (1 ml), and infected model + receiving nanochitosan carrying Lepidium draba extract (200 mg/kg).
Treatment was administered for 30 days via gavage. After the end of the period, the animals were anesthetized
and epididymal and testicular tissue were extracted to examine sperm parameters (number, viability, sperm
morphology) and testicular tissue oxidative stress indices (superoxide dismutase, catalase, glutathione peroxidase,
total antioxidant capacity, and MDA). Data analysis in different groups was performed using SPSS software and
one-way ANOVA, and P<0.05 was considered significant.

Result: The results showed that in the group infected with bacteria, compared to the control group, there was a
significant decrease in sperm parameters (humber, viability, sperm morphology) and antioxidant activity levels
(superoxide dismutase, glutathione peroxidase, catalase, total antioxidant capacity) and an increase in
malondialdehyde levels (p < 0.001). In contrast, in the group treated with nanochitosan carrying - Lepidium draba
extract, a significant increase in sperm parameters and antioxidant levels and a decrease in MDA were observed
(p < 0.05).

Conclusion: Treatment with chitosan nanoparticles improved the indices to some extent, which is probably
related to the inherent immunomodulatory and weak antioxidant properties of chitosan. However, the most
effective improvement was observed in the group treated with nanochitosan carrying Lepidium draba extract. In
this group, all sperm parameters (number, viability and morphology) showed a statistically significant
improvement (p < 0.05) compared to the infected group. At the same time, the antioxidant enzyme activities of
SOD, GPx and CAT as well as the TAC level in the testicular tissue increased significantly, and the MDA level
decreased (p < 0.05). These results indicate that the effective combination of Lepidium draba extract with the
chitosan nanocarrier system has been able to synergistically enhance antioxidant defense, inhibit oxidative stress,
and thus protect testicular cells and the spermatogenesis process from damage caused by infection. It can be
concluded that Staphylococcus aureus infection severely impairs sperm quality and quantity by intensifying
oxidative stress and weakening the testicular antioxidant system. Lepidium draba plant extract loaded in chitosan
nanoparticles, with its strong antioxidant and anti-inflammatory potential and taking advantage of the advantages
of nanotechnology (increased stability and absorption), is able to modulate oxidative stress, restore endogenous
antioxidant defense, and ultimately improve sperm parameters.Therefore, this nanoformulation can be considered
as a complementary and promising therapeutic option alongside conventional antimicrobial treatments to maintain
male reproductive health in the face of bacterial infections and prevent infertility caused by it. Further studies are
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recommended to identify the exact active ingredients of the extract as well as to evaluate the molecular
mechanisms of these protective effects.
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