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 Cryopreservation has adverse effects on sperm function and structure, while 
nanotechnology can be used to optimize this process. Thereafter, this research 
aimed to investigate the effects of adding spirulina platensis nanoparticles (SPNP) 
or selenium-coated spirulina nanoparticles (SPSE) to a freezing extender on the 
quality of post-thawed bull sperm and anti-oxidant-related markers. Five healthy 
proven-fertile bulls were used for semen collection using an artificial vagina. The 
semen samples were divided into three groups: the first one was extended without 
supplementation (CON), the second group was supplemented with spirulina 
nanoparticles (SPNP; 10 μg/mL), and the third group was supplemented with 
selenium (0.5 μg/mL) coated spirulina nanoparticles (SPSE; 10 μg/mL). Compared 
to the CON group, the supplemented groups showed significant improvements in 
the percentages of progressive motility, livability, and plasma membrane integrity 
(P<0.05). Additionally, the percentages of sperm abnormalities and chromatin 
damage were significantly decreased in the supplemented groups. The SPSE group 
had the highest activity of total antioxidant capacity (P<0.001). All supplemented 
groups significantly improved superoxide dismutase (P<0.001), the viable sperm, 
but significantly reduced the malondialdehyde levels and the apoptotic sperm. The 
addition of SPNP or SPSE sustained the sperm bull ultrastructure (plasma 
membrane, acrosome integrity, and normal mitochondria). In conclusion, the results 
indicate that adding SPNP or SPSE to the freezing extender significantly improves 
the quality of post-thawed bull sperm by enhancing antioxidant biomarkers, 
reducing lipid peroxidation, and maintaining sperm ultrastructure. 
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INTRODUCTION 

 
The use of frozen-thawed sperm for artificial 

insemination is a vital technology in the dairy industry 
(Tippenhauer et al., 2023), and can be used to preserve the 
genetic material of valuable animals or endangered 
species (Lafontaine et al., 2023). The cryopreservation 
process has been found to negatively affect both the 
functionality and structure of sperm affecting fertilizing 

capacity (Abdelnour et al., 2020). The cryopreservation 
can stimulate the production of OS (oxidative stress) and 
decrease the antioxidant capacity in sperm (Abdelnour et 
al., 2022), resulting in mitochondrial dysfunction of 
spermatozoa (Hassan et al., 2022), consequently 
decreasing sperm survival and fertilizing ability after 
thawing. For many decades, scientists have used various 
types of antioxidants, such as minerals, phytochemicals, 
herbal extracts, amino acids, and many others, to protect 
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the functional and structure of sperm from the negative 
impacts of the cryopreservation process (Hassan et al., 
2022; Kandeel et al., 2022; Maleki et al., 2023). 

In the last decade, the application of nanotechnology 
has been applied rapidly in various scopes including 
biomedical, biological, and pharmaceutical uses (Khan et 
al., 2022; Barroso et al., 2023). Nano minerals are new 
types of nanotechnology that present many advantages 
like their superior solubility, more sustainability, and 
better bioavailability (Abdelnour et al., 2020; Hassan et 
al., 2022). according to many previous trials, (Mehdipour 
et al., 2017; Abdelnour et al., 2023), extenders enriching 
with nanoparticles can enhance the sperm freezability by 
enhancing sperm function and supporting the fertility 
capacity. Selenium (Se) is a crucial element in 
maintaining reproductive aspects and has a significant 
ability to improve sperm quality and reproductive features 
in various animals (Ali et al., 2023) and humans 
(Pieczyńska and Grajeta, 2015). Selenium nanoparticles 
(SeNPs) have recently gained popularity as dietary 
supplements due to their antioxidant, antimicrobial, and 
anti-inflammatory impacts. Additionally, previous trials 
have shown that adding SeNP to the freezing extenders of 
various animals such as roosters (Safa et al., 2016), bulls 
(Li et al., 2023), goats (Abedin et al., 2023), and fish (Zhu 
et al., 2023) exhibited significant improvements in sperm 
quality, function, and fertility consequences.  

The improvement of sperm quality and fertility by 
SeNPs may be associated with its ability to reduce OS 
synthesis and promote the antioxidant capacity (Safa et 
al., 2016), through activating AMP-activated protein 
kinase (AMPK) for producing energy suppliers for sperm 
(Zhu et al., 2023) and support the function of 
mitochondria (Abedin et al., 2023; Li et al., 2023). 
Spirulina platensis (SP) is a filamentous cyanobacterium 
rich in numerous phyto-contents, including pigments, 
amino acids, fatty acids, minerals, and carotenoids. In 
buffalo, cryopreserved semen enriched with SP extract 
(10 µg/mL) in the freezing extender enhanced post-
thawed sperm quality and decreased sperm cryodamage 
(Badr et al., 2021).  

Recently, SP has been synthesized in the nano-form 
(Shaman et al., 2022; Guo et al., 2023). Many reports 
have proved that SP nanoparticles (SPNP) exhibit robust 
antioxidant, anti-inflammatory, and anti-apoptotic actions 
(Shaman et al., 2022).  

Moreover, SPNP has been shown to act as a 
protective mediator against reproductive dysfunction 
caused by diabetes (Shaman et al., 2022), due to its anti-
apoptotic effect and up-steroidogenesis genes. According 
to various studies (Bashar et al., 2022; El-Ratel et al., 
2023), SP and SeNP can improve the reproductive 
capacity and health status of male rabbits exposed to 
summer conditions. Despite the large number of published 
works on the use of SeNP and/or SP in the livestock 
industry as dietary feed additives, antioxidants, and anti-
heat stress agents, the addition of SPNP or SPSE in the 
freezing extender of post-thawed bull sperm remains 
unexplored. Thereafter, this study aims to explore the 
potential effects of adding SPNP or SPSE in the freezing 
extender on sperm quality, oxidative stress, sperm 
apoptosis, and ultrastructure changes of post-thawed bull 
sperm for the first time. 

MATERIALS AND METHODS 
 

Preparation of Spirulina nanoparticles (SPNP) and 
coated SPNP: The dried spirulina platensis (SP) was 
acquired from the SCAD Company, New Salhia, Egypt. For 
the green synthesis of Spirulina nanoparticles (SPNP), we 
followed the ball milling method (Elabd et al., 2020). 
Selenium was purchased from Sigma Aldrich (Product 
Number: 919519). Following the protocol of (Shin et al., 
2007), selenium nanoparticles (SeNP) were synthesized. 
While SeNP-coated SPNP was prepared as the following, 
0.5 μg mg of SeNP was added to 10 μg SPNP/mL. The 
blend was transferred into a Teflon-lined stainless-steel 
autoclave (50 mL) and kept stationary for 24 hours at 100-
160°C. 
 
Characteristics of spirulina nanoparticles (SPNP) and 
Selenium coated Spirulina nanoparticles (SPSE): The 
morphological characterization of synthesized Spirulina 
platensis nanoparticles (SPNP) and selenium-coated 
Spirulina platensis nanoparticles (SPSE) was evaluated 
using transmission electron microscopy (TEM; JEOL-
JEM-2100) at 200 kV. Additionally, the Zetasizer Nano 
(Nano ZS90, Malvern Instruments Ltd., Worcestershire, 
UK) was used to assess the mean size, Z potential, and 
polydispersity index (PDI) of SPSE.  
 
Ethical approval: All experimental procedures used were 
approved by the Institutional Animal Use and Care 
Committee (IACUC) at Zagazig University (Approval 
No: ZU IACUC/2/F/173/2022), based on the ARRIVE 
guidelines.  
 
Animal management and semen collection: The semen 
samples were obtained from five verified fertile bulls (30 
ejaculates) using the artificial vagina method. The semen 
samples were immediately transferred to the laboratory 
for initial assessment and further processing. The healthy 
bulls were housed separately in pens and fed identical 
diets consisting of a blend of farm fodder: apple pomace, 
vitamin premix, maize silage, basic minerals, and haylage. 
The bulls had unrestricted access to fresh water. Semen 
samples were collected from each bull using the artificial 
vagina method. Over six consecutive weeks, a total of 30 
ejaculates were collected for this experiment. Ejaculates 
with over 75% progressive motility, 80% livability, sperm 
cell concentration (500 X106/mL), and abnormality less 
than 15% were selected, pooled, and used for freezing 
assessment (Khalil et al., 2019).  
 
Experimental Design and Freezing Procedures: The 
freezing extender was prepared according to the technique 
of (Khalil et al., 2019) following standard construction 
procedures at the International Livestock Management 
Training Center (ILMTC) with some adjustments. The 
freezing medium consisted of 7.0mL of glycerol, 1.25 g of 
fructose, 1.675 g of citric acid, 3.028 g of Tris, 20mL of 
egg yolk, and 100 µg/mL of streptomycin and 100 IU/mL 
of penicillin, in double distilled water and the volume was 
made up to 100mL. The fresh semen was then divided 
into three equal fractions and treated before 
cryopreservation. The first group; semen was 
cryopreserved with the basic extender without any 
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addition, which served as the control group (CON). The 
other 2nd and 3rd groups: extender was fortified with 10 
μg/mL spirulina nanoparticles (SPNP) or selenium coated 
spirulina nanoparticles (SPSE; 10 μg/mL of SPNP and 0.5 
μg/mL of selenium nanoparticles), respectively. Then, 
semen was automatically packaged into straws (0.25 mL) 
equilibrated for two hours at 4°C, and placed at 5 cm 
overhead the liquid nitrogen for 10 min, and then 
followed by dropping into liquid nitrogen (− 196°C). 
 
Post-thawed Sperm Assessment 
Progressive motility: After thawing the straws at 37 °C for 
30s, semen samples were placed on a slide in a volume of 
5–10μL, covered with a coverslip, and examined for 
motility using a phase contrast microscope (Leica DM 500, 
Schweiz) at a constant temperature of 37°C. The subjective 
assessment data were obtained from this examination. 
 
Sperm viability and abnormality: Sperm viability was 
considered based on the (Moskovtsev and Librach, 2013) 
protocol by eosin-nigrosine staining. A small sample 
(10µL) of extended semen was mixed with the eosin-
nigrosine solution on a sterilized slide and thoroughly 
mixed. The slides containing the mixture were left for 2-3 
minutes and then smeared on a glass slide to dry in the air. 
Sperm were then counted using a light microscope at × 400 
magnifications (Leica DM 500, Schweiz). The spermatozoa 
stained red were considered non-viable, while the viable 
ones remained colorless. Additionally, in the same field, 
any sperm cells with irregularities in head and tail 
morphology were also noted, as previously mentioned. 
 
Plasma membrane integrity: For assessing the sperm 
plasma membrane integrity, the HOST (hypoosmotic 
swelling test; fructose and sodium citrate, 1.35 and 0.73 
grams, respectively) was performed. Thawed semen (10 
µL) was extended in a hypoosmotic solution (100 µL). 
The resulting mixture was then incubated at 37 °C (Lone 
et al., 2019). A contrast-phase microscope (Leica DM 
500, Schweiz) with 400x magnification was utilized to 
explore the plasma membrane of sperm cells.  
 
Assessing sperm chromatin damage: Toluidine blue 
staining was done as formerly identified by (Sobeh et al., 
2017) with some adjustments. Sperm cells were fixed with 
ethanol-acetic acid (3:1, v/v), and 70% ethanol for 1-3 
minutes, respectively. Then, the fixed smears were 
hydrolyzed in 4 mM hydrochloric acid for twenty 
minutes, rinsed with distilled water, and air-dried. Fixed 
sperm cells were washed with 0.025% toluidine blue in 
McIlvaine buffer (sodium citrate-phosphate, pH 4.0), and 
then covered with a coverslip. The slides were examined 
using light microscopy at a magnification of 1000x to 
determine the percentage of chromatin damage in each 
field. A total of 300 sperm cells were analyzed in each 
group. Sperm cells with a green to light stain were 
considered to have normal chromatin, while those stained 
dark blue to violet were classified as having injured 
chromatin, based on our previous research (Abdelnour et 
al., 2020; Abdelnour et al., 2022). 
 
Oxidative-related biomarkers Assays: For assessing the 
oxidative-related biomarkers, post-thawed extended 

semen (150 µL) was centrifuged (1600 × g) for 5 min. 
The supernatant was detached and precipitated in 1% 
Triton (1/3) for 20 min for extraction according to the 
previous methodology of (Ramazani et al., 2023). The 
sample was centrifuged at 4000 × g and 25°C for 30 
minutes. This step was repeated, and the supernatant was 
collected for analysis. Both antioxidant enzymes including 
superoxide dismutase (SOD, U/mL) and total antioxidant 
activity (TAC, mmol/L) were tested by the 
spectrophotometric method using ELISA kits provided by 
(Jiancheng Bioengineering Institute) following the method 
of (Mehdipour et al., 2017). Malondialdehyde (MDA, 
nmol/mL) content was determined using the thiobarbituric 
acid (TBA) technique by biological reaction kits 
(Jiancheng Bioengineering Institute), which were 
accomplished following the manufacturer's directions as 
defined earlier (Kadirve et al., 2014). 
 
Flow cytometry for assessing apoptotic sperm: Flow 
cytometry was used for detecting the apoptotic sperm 
using the Annexin V staining technique as termed by 
(Sharaf et al., 2022). Sperm cells were incubated with 
binding buffer, and suspended with Annexin V 
(fluorescein isothiocyanate [FITC] labeled) and 5µL of 
phycoerythrin BD (Pharmingen™) and incubated for 
fifteen min in the dark conditions at room temperature. 

Following this step, the samples were suspended in a 
binding buffer (200 µL). Then, the flow cytometric 
analysis was applied by an Accuri C6 Cytometer (BD 
Biosciences, San Jose, CA, USA), as described by 
(Masters and Harrison, 2014). The percentages of PI-
positive or negative (PI+ or PI−), annexin-positive or 
negative (A+ or A−), and double-positive cells were 
counted. Sperm cells were divided into four categories 
according to (Peña et al., 2003). 
 
Sperm Ultrastructure Evaluation: Transmission 
electron microscopy (TEM) was used for studying the 
changes in sperm ultra-morphological changes in sperm 
following the (Khalil et al., 2020) method. The semen 
samples were centrifuged at 1600 g 25°C for 5 min, then 
the samples were re-suspended in a 4% PBS (phosphate 
buffer saline, fixative solution) at 4°C for 2 h. 

The fixed samples were exposed to dehydrated 
ethanol, preserved with propylene oxide, and embedded in 
ultrathin Epon resin, then sectioned (60-70nm). The 
images can be directly taken by TEM.  

 
Statistical analysis: The collected data was assessed by 
the SPSS program (Statistical Package for the Social 
Sciences; version 26, Chicago, USA) by the one-way 
ANOVA and Tukey's post hoc test. The statistical 
difference was considered when P≤0.05. The analyzed 
data was imaged by the GraphPad prism (version 8). 

 
RESULTS  

 
Characterization of SPNP and SPSE: The TEM 
(transmission electron microscope) images of synthesized 
Spirulina platensis nanoparticles (SPNP, Fig. 1A) and 
selenium-coated Spirulina platensis nanoparticles (SPSE, 
Fig. 1B). The values of (Fig. 1C) and zeta potential of 
SPSE (Fig. 1D) were 141-152nm, and -24m/V. 
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Effects on post-thawed bull sperm quality: The 
percentages of progressive motility (Fig. 2A; P<0.001), 
and livability (Fig. 2B; P<0.001) were significantly 
improved in both treated groups. The SPSE group had the 
highest progressive motility and livability values, 
followed by SPNP. Supplementation with SPSE resulted 
in higher (P<0.001) plasma membrane integrity compared 
to other groups (Fig. 2C). Additionally, the untreated 
group had the lowest value of plasma membrane integrity. 
In contrast, the SPNP group had intermediate values 
(P<0.001). The inclusion of SPNP or SPSE in bull 
freezing extenders significantly decreased the percentages 
of sperm abnormalities (Fig. 2D; P<0.001) and chromatin 
damages (Fig. 2E; P<0.01) in opposition to the CON 
group.  
 
Effects on oxidative-related biomarkers: The activity of 
TAC (Fig. 3A; P<0.001) was the highest in the SPSE 
group, while no significant differences were noticed 
between CON and SPNP (P>0.05). All supplemented 
groups significantly improved the activity of SOD (Fig. 
3D; P<0.001) and significantly reduced MDA levels (Fig. 
3C; P<0.01). The activities of TAC and SOD were 
improved by 71.2% and 45.32% in the SPSE group in 
opposition to the CON group, while MDA was reduced by 
53.35% and 47.37% in the SPSE and SPNP groups, 
respectively. 
 
Effects on sperm apoptosis status: The SPSE group had 
the highest values of viable sperm (Fig. 4A; P<0.01) 
compared to the other groups. Viable sperm was improved 
by 155.63 and 62.03% in the SPSE and SPNP groups, 
respectively, compared to the control. Supplementation 
with SPNP or SPSE had no significant effects on the 
percentages of early apoptotic sperm (Fig. 4B; P>0.05); 
however, higher values of early apoptotic spermatozoa 
were noticed in both SPNP and SPSE groups. Apoptotic 
sperm was significantly decreased by the addition of 

SPNP or SPSE (Fig. 4C; P<0.01) with the SPSE group 
having the lowest values of apoptotic sperm (P<0.01). 
Similar data was recorded for necrotic sperm between the 
CON and SPNP groups (Fig. 4D; P>0.05).  
 
Sperm Ultrastructure: Fig.5 (A-F) illustrates the 
protective effects of SPNP or SPSE in maintaining sperm 
ultrastructure after bull sperm cryopreservation. In the 
control group (Fig. 5-A, B), the sperm head had a nucleus 
with necrotic chromatin (N), surrounded by a thin layer of 
cytoplasm, and the damaged plasma membrane (PM) and 
disrupted acrosome (AC) are depicted in Fig. 5A. 
Additionally, Fig. 5B shows damage to the mitochondrial 
membranes and distorted cristae (MI) in the sperm 
midpiece, as well as a disarranged flagellum in the axon 
tail (AX). SPNP treatment reduced the rates of acrosomal 
and plasma membrane rupture (Fig. 5C), maintained the 
sperm axon tail, and improved mitochondria shape (Fig. 
5D). The addition of SPSE to the freezing extender of 
buffalo sperm reduced plasma membrane damage, 
increased intact plasma membrane, maintained acrosome 
status (Fig. 5E), and revealed homogenous mitochondria 
(Fig. 5F). 

 
DISCUSSION 

 
The current research indicates that enriching the 

freezing extender of bull with SPNP (10µg) or SPSE 
(10µg and 0.5µg of Se) could improve post-thawed sperm 
quality. This improvement is realized by increasing sperm 
motility, livability, and plasma membrane integrity while 
reducing sperm abnormality, apoptotic sperm, and 
chromatin damage compared to the control group. These 
positive effects could be attributed to the ability of SPNP 
or SPSE to maintain sperm morphology and structure 
through MDA and enhance the levels of SOD and TAC. 
In this study, we clarified the safety and efficacy of using 
nano-minerals to improve sperm freezability in bulls.  

 

 
Fig. 1 (A-D): The TEM (transmission electron microscope) images of synthesized Spirulina platensis nanoparticles (SPNP, Fig. 1A) and selenium-
coated Spirulina platensis nanoparticles (SPSE, Fig. 1B). The values of (Fig. 1C) and zeta potential of SPSE (Fig. 1D) were 141-152nm, and -24m/V. 

A 
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Fig. 2: Effects of Spirulina platensis nanoparticles (SPNP) or nano 
selenium coated with Spirulina platensis nanoparticles (SPSE) in freezing 
extender on motility (A), livability (B), membrane integrity (C), 
abnormalities (D) and chromatin damages (E) of post-thawed bull 
sperm. Data offered as mean ± SEM, *P < 0.05, compared to control. 

 

 

 

 
 
Fig. 3: Effects of Spirulina platensis nanoparticles (SPNP) or nano 
selenium coated with Spirulina platensis nanoparticles (SPSE) in freezing 
extender on total antioxidant capacity (A), SOD (B), and MDA (C) of 
post-thawed bull sperm. Data offered as mean ± SEM, *P < 0.05, 
compared to control. 
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Fig. 4: Effects of Spirulina platensis nanoparticles (SPNP) or nano selenium coated with Spirulina platensis nanoparticles (SPSE) in freezing extender 
on apoptotic-like change (viable (A), early apoptotic (B), apoptotic (C) and necrotic spermatozoa (D) of post-thawed bull sperm. Data offered as 
mean ± SEM, *P < 0.05, compared to control. 

 

 
Fig. 5: Effects of Spirulina platensis nanoparticles (SPNP) or coated with nano selenium (SPSE) in freezing extender on sperm ultra-structure of post-
thawed bull sperm. 
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It also opens up new possibilities for developing new 
types of extenders supplemented with nanotechnology.  

Sperm motility is an important factor in fertility. It 
has been revealed that cryopreservation induces a 
significant decrease in sperm motility after thawing. This 
may be related to the excess OS generated during 
cryopreservation (Li et al., 2023). The addition of SPNP 
or SPSE to the freezing extender significantly enhanced 
post-thawed bull sperm, as evidenced in the present 
research. Similar to our work, (Li et al., 2023) and (Khalil 
et al., 2019) found that the supplementation of SeNP 
significantly improved the motility and viability of 
equilibrated bull spermatozoa. Moreover, several studies 
have also indicated that SeNP improved sperm quality 
after cryopreservation in goats (Abedin et al., 2023), bull 
(Li et al., 2023), and fish (Zhu et al., 2023).  Selenium 
nanoparticles have a protective effect against various 
damages, a previous study clarified that selenium 
nanoparticles maintained ATP content and sperm function 
during storage, possibly because they improved the 
glucose uptake capability of sperm by sustaining the level 
of phosphorylated AMP-activated protein kinase (p-
AMPK) (Zhu et al., 2023). SP contains vital compounds 
such as nutraceutical pigments, protein, minerals, and 
essential fatty acids (Nakamoto et al., 2023). SP exhibits 
several biological activities including anti-oxidants (Badr 
et al., 2021)  and anti-apoptotic effects (Shaman et al., 
2022). Furthermore, (Badr et al., 2021) found that adding 
SP (10 µg/mL) to the freezing extender improved 
significantly the post-thawing motility and reduced the 
proportion of acrosomal damage in buffalo (P<0.05). 
Furthermore, this research indicates that freeze-thawing 
has multi-injurious impacts on the plasma membrane and 
livability percentages. These findings are consistent with 
our previous data on rabbit bucks (Abdelnour et al., 2020; 
Abdelnour et al., 2022), buffalo (Badr et al., 2021; Hassan 
et al., 2022; Abdelnour et al., 2023), and bull (Khalil et 
al., 2019). Several studies have also confirmed the 
improvement of sperm parameters after the addition of 
various nanoparticles (Mehdipour et al., 2017; Abdelnour 
et al., 2023; Li et al., 2023; Zhu et al., 2023).  

We suggested that the synergistic effects of SPSE 
could be beneficial in minimizing the harmful effects of 
the cryopreservation procedure. The new form of nano SP 
coated with Se may cover the outer layer surface of the 
sperm membrane, stabilizing and protecting the cell 
membrane structure from cryo-damage. Few studies have 
explored the impacts of SP on sperm quality after 
cryopreservation in buffalos (Badr et al., 2021) and rams 
preserved at 4°C (Ben Moula et al., 2023). The addition 
of SeNP to the freezing extender has been found to 
positively affect sperm quality in various animal species, 
including bulls and boars (Khalil et al., 2019; Zhu et al., 
2023). Furthermore, to the best of our knowledge, no 
investigations have been conducted on the influence of 
SP-coated SE on sperm bull cryopreservation. Our 
research informs that the SPNP or SPSE improved post-
thawed sperm parameters.  

The integrity of sperm chromatin offers better 
prognostic and diagnostic tools (Hekmatdoost et al., 
2009).  

To preserve the genetic material of spermatozoa, the 
structures of chromatin and plasma membrane must be 

maintained during the freeze-thaw cycle. It’s well 
accepted that cryopreservation can induce the generation 
of OS, resulting in DNA effects on male infertility. 
Consequently, counteracting the negative effects of OS 
and preserving the structures of chromatin and plasma 
membrane are essential for enhancing post-thawed sperm 
quality using nanoparticles-based extenders.  

It has been indicated that the oral administration of 
SPNP caused a considerable decrease in MDA in sperm 
(Shaman et al., 2022). Furthermore, similar to our data 
(Abedin et al., 2023) found that the activities of 
antioxidant enzymes were significantly improved by 
SeNP incorporated into freezing extender in goats. The 
beneficial effects of SeNP may be attributed to the 
increase of GPX4, a critical element in maintaining 
oxidative homeostasis, as observed in fish (Zhu et al., 
2023). Both SeNP and SP have been shown to mitigate 
the negative effects of HS in rabbits (Bashar et al., 2022) 
and broilers (Abdel-Moneim et al., 2022) by supporting 
antioxidant indices and counteracting the impacts of OS. 
Additionally, SPNP enhanced SOD and catalase levels in 
fish (Mabrouk et al., 2022), while SeNP improved sperm 
DNA integrity in rats (Mohammed et al., 2023).  

Despite the use of coated Se with SPNP being 
unexplored in cryopreserved semen, the beneficial effects 
of SeNP synthesized by SP were reported due to 
antioxidant and antimicrobial effects (Zhang et al., 2023), 
and cytotoxic impacts (Abbas et al., 2021). In this study, 
SPSE or SPNP showed significant effects on sperm 
quality by supporting TAC and SOD and reducing MDA 
in post-thawed sperm extenders. Nanoparticles can 
enhance semen quality by protecting sperm cells from 
damage and increasing the number of active, healthy 
sperm cells (Mohammed et al., 2023). Selenium has been 
identified as a promising trace element that can counteract 
OS and induce apoptosis in stressed cells. Numerous 
studies have elucidated the role of SeNP in reducing 
apoptotic sperm caused by the cryopreservation process in 
bulls (Khalil et al., 2019; Li et al., 2023). Several authors 
have also evidenced the anti-apoptotic activity of SeNP 
(Shahin et al., 2020; Mohamed et al., 2023). In our study, 
the addition of SPNP or SPSE can significantly reduce the 
necrosis and apoptotic sperms in cryopreserved bull 
semen. Additionally, the dietary addition of selenium 
significantly improved post-thaw sperm quality and 
fertility (Dou et al., 2023). 

Cryopreservation can induce damage to the structure 
and function of sperm cells (Abdelnour et al., 2023; 
Ramazani et al., 2023). Hence, adding natural protective 
compounds can effectively maintain normal plasma 
membrane, DNA integrity, and mitochondrial function. 
The current research indicates that the SP-coated SE 
stabilizes membranes by binding to spermatozoa 
membrane lipids (Dou et al., 2023; Li et al., 2023; Zhu et 
al., 2023), thus improving sperm viability, sustaining 
membrane integrity, and reducing damage triggered by 
cryopreservation. Further, previous reports (Khalil et al., 
2019; Li et al., 2023) have demonstrated that 1-2 μg/mL 
of Se nanoparticles enhanced sperm quality in bulls via 
reducing OS, improving mitochondrial activity, and 
preserving sperm morphology. Adding nanoparticles such 
as nano-liposomes (propolis and alpha-lipoic acid), nano-
curcumin, and Se nanoparticles to the freezing extender 
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maintained sperm membranes, nucleus, mitochondria and 
acrosome based on the sperm ultrastructure assessment 
(Khalil et al., 2019; Abdelnour et al., 2020; Hassan et al., 
2022; Abdelnour et al., 2023). However, further 
investigations are needed to validate the beneficial uses of 
SPSE in the cryopreservation of bull semen based on the 
molecular pathways. 
 
Conclusions: In light of the results, the addition of SPNP 
or SPSE to cryomedia boosted bull sperm quality, 
including livability, motility, and plasma membrane 
integrity. Furthermore, antioxidant-related biomarkers 
(TAC and SOD) were also enhanced. Additionally, the 
percentages of apoptotic sperm, chromatin damages, lipid 
peroxidation, and sperm ultrastructure maintenance were 
substantially decreased by SPNP or SPSE addition. Future 
investigations should utilize the findings of this research 
to explore the specific pathways of cryo-injury and the 
potential modulatory effects of other nanoparticles in 
improving the cryopreservation process. 
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