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ABSTRACT

Shortening the time of the male reproductive system maturation
aids in lowering the animal husbandry time. This study was designed
to investigate whether biosynthesized selenium nanoparticles could
modulate reproductive hormones, sperm-associated proteins, and
antioxidant biomarkers in immature male rats and to evaluate their
potential influence on reproductive development. The biosynthesized
SeNPs were characterized by XRD, FTIR, Zeta Potential, and FE-SEM to
confirm the utilized method produced nanoparticles. Forty immature
male rats aged 1 month and weighing 1005 gm was classified into 5
groups as follows: the control group received D.W. orally, G1 received 50
ug/kg B.W. orally, G2 received 100 pg/kg B.W. orally, G3 received 200 pg/
kg B.W. orally, and G4 received 400 pg/kg B.W. orally. The treatment was
daily for one month. Serum was obtained to estimate the concentrations
of the studied parameters. Results of an experiment that deals with the
characterization of biosynthesized Se-NPs showed an optimal method of
synthesis. The concentrations of studied parameters revealed a significant
increase in FSH, LH, Selenoprotein P, and acrosin in some treated groups
as compared with the control. The levels of testosterone, glutathione
reductase, glutathione peroxidase, and protamine exhibit significant
inhibition in some treated groups as compared with the control group.
Biosynthesized selenium nanoparticles significantly altered reproductive
hormones, sperm protein, and antioxidant profiles in immature male rats.
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INTRODUCTION

The maturation and physiological regulation of
the male reproductive system are under control
of the hypothalamic, pituitary,

and gonadal

Leydig, and Sertoli cell function, androgen
production, and male reproductive system
fertility [1-3]. Testosterone is produced mainly

(HPG) axis, in which the hypothalamus produces
hormone which regulates pituitary gonadotropins
(LH and FSH) production, thereby modulating

* Corresponding Author Email: mailto:alhajey@gmail.com

by adult Leydig cells in the testicular interstitial
tissue and is considered the principal androgen
in males. It is essential for the maintenance of
sperm production and for the development and
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protection of the male reproductive system [4].
Current evidence suggests that selenium may
indirectly help preserve testosterone production
by protecting Leydig cell function from oxidative
and inflammatory damage. Luteinizing hormone
(LH) is secreted by the anterior pituitary in response
to hypothalamic gonadotropin-releasing hormone
(GnRH). In males, LH primarily acts on Leydig
cells to stimulate testosterone synthesis, which
is crucial for maintaining spermatogenesis and
male fertility [5]. Follicular stimulating hormone
(FSH) is synthesized and secreted by pituitary
gonadotrophs under hypothalamic  control
through gonadotropin-releasing hormone (GnRH).
In males, FSH is a major endocrine regulator of
testicular development, pubertal maturation,
and spermatogenesis [6,3,7]. Selenium (Se) is
an essential trace element that is present as
selenocysteine in a family of selenoproteins,
which include glutathione peroxidases (GPXs),
glutathione reductases (GRs), and Seleno protein
P. These proteins collectively support antioxidant
defense and thyroid hormone metabolism, both of
which are essential for male reproductive function
[8,9]. Oxidative stress results from an imbalance
between the generation of reactive oxygen species
(ROS) and antioxidant defense systems. Excessive
ROS production disrupts redox homeostasis and
promotes lipid peroxidation, protein oxidation,
and DNA fragmentation. These changes impair
sperm membrane integrity, motility, fertilizing
capacity, and genomic stability, thereby
contributing to male infertility [10,7]. Acrosin is
a trypsin-like serine protease associated with the
sperm acrosome and is stored predominantly as
the inactive zymogen proacrosin, which becomes
activated during acrosomal exocytosis. [11].
Functionally, acrosin appears to facilitate sperm
passage through the zona pellucida by limited
proteolysis and remodeling of the zona matrix
rather than simple bulk degradation [12,13,11].
Protamines are small, highly basic (arginine-rich)
nuclear proteins that play a central role in sperm
chromatin remodeling during spermiogenesis.
abnormal protamine ratios, impaired sperm
chromatin packaging, increased DNA damage,
and male infertility [14]. Nanotechnology refers to
particles with a size of 1-100 nanometers [15,16].
Duetotheirsuperiorbiocompatibility and relatively
low toxicity, selenium nanoparticles (SeNPs)
have become a potential class of nanomaterials
(compared with certain other nanomaterials),
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with tunable physicochemical properties. Recent
reviews highlight their potential in antioxidant.
anti-inflammatory [17]. antimicrobial [18], and
anticancer applications [19], with growing interest
in biomedical and translational uses [20]. At this
scale, materials may display physicochemical and
biological properties that differ greatly from their
bulk equivalents, which underpins many of their
biomedical uses [21,22]. Selenium nanoparticles
(SeNPs) have emerged as a promising class
of nanomaterials due to their excellent
biocompatibility, comparatively low toxicity
(compared with certain other nanomaterials).
anti-inflammatory  [17]. antimicrobial [18],
and anticancer applications [19], with growing
interest in biomedical and translational uses
[20]. This study is among the first investigations
evaluating biosynthesized starch-mediated
selenium nanoparticles in immature male rats
with simultaneous assessment of reproductive
hormones, sperm-associated proteins (acrosin
and protamine), and antioxidant biomarkers.
This integrated approach provides new insights
into the potential role of selenium nanoparticles
in reproductive development. The present study
aimed to evaluate the effects of biosynthesized
selenium nanoparticles (SeNPs) on reproductive
hormones (testosterone, luteinizing hormone, and
follicle-stimulating hormone), sperm-associated
proteins (acrosin and protamine), and antioxidant
biomarkers (glutathione peroxidase, glutathione
reductase, and selenoprotein P) in immature male
rats. In addition, the study sought to investigate
the biochemical and physiological responses
associated with SeNP administration during the
prepubertal stage.

MATERIALS AND METHODS
Ethical Approval

This study was prepared in accordance
with Shatrah University’s College of Veterinary
Medicine’s ethical guidelines (Approval No. SU-
EC-2025-9).

Synthesis of Selenium nanoparticles

Selenium nanoparticles were manufactured
by a green chemical reduction approach utilizing
prepared 4% starch stabilization and ascorbic
acid reduction [23]. First, the starch solution
was gradually mixed with the prepared 0.346%
sodium selenite solution while being continuously
stirred to ensure that the selenium ions were
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evenly distributed throughout the starch matrix.
Following thorough mixing, the prepared 3.5%
ascorbic acid solution was gradually added to the
reaction mixture while stirring constantly until the
PH of the solution dropped from 12 to (7 - 6,8).
The solution was visually confirmed by a gradual
change in the color of the solution from colorless
to orange-red [24] indicating the formation of
selenium nanoparticles. The reaction temperature
was slightly raised to 50 2C-60 °C for 4.5 hours,
Centrifugation was used to purify the produced
selenium nanoparticles for 15 minutes at a speed
of 6000 rpm to get rid of unreacted materials and
extra stabilizing agents, the sediment was washed
three times with distilled water and then one time
with alcohol. After that, the product is dried at 40
degrees Celsius for a full day in an incubator. The
biosynthesized SeNPs were characterized by XRD,
FTIR, Zeta Potential, and FE-SEM to confirm the
utilized method produced nanoparticles.

Preparation of dosage solution

To prepare the dosing solution, 0.4 mg of nano-
selenium was dissolved in a liter of distilled water
and placed in an ultrasonic device to dissolve the
nano-selenium particles. The solution was then
stored in an opaque bottle at a temperature of -4
°C.

Animals of the study

Forty immature male white laboratory rats
(Rattus norvegicus) weighing 100 + 50 grams
at one month of age were kept at the room
temperature 25+2 °C, 12 hours of light per day
from four lid lamps, a humidity level of between
40-50%, and daily access to food and water. The
animals were divided into five groups with 8 male
rats in each group. The five groups were given a
daily oral single dose for 30 treatment days as
follows: Group 1 (control): Administered orally 0.2
ml of D.W. Group 2: Administered orally 50 pg/kg
BW of SeNPs daily. Group 3: Administered orally
100 pg/kg of SeNPs daily. Group 4: Administered
orally 200 pg/kg BW of SeNPs daily. Group 5:
Administered orally 400 pg/kg BW of SeNPs daily.
After 30 days of oral administration of SeNPs,
the 8 male rats of each group were sacrificed.
Following chloroform anesthesia, by inhalation,
the animal is secured, its abdomen is opened, and
a 5 ml disposable syringe is used to collect blood
from its heart. The collected blood centrifuged
3000 rpm for 10 minutes to obtain the serum
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which was used to estimate the concentration of
studied hormones (testosterone, FSH, LH), Sperm
protein (acrosin and protamine), and antioxidant
(Glutathione peroxidase, Glutathione reductase
and selenoprotein P) enzymes.

Collection of blood samples

After 30 days of oral SeNPs administration,
blood samples were collected from anesthetized
rats by cardiac puncture. Serum was separated
by centrifugation at 3000 rpm for 15 minutes and
stored at -20 °C for the estimation of testosterone,
LH, FSH, sperm protamine, acrosin, selenoprotein,
glutathione reductase, and glutathione peroxidase
levels.

Hormonal and Okxidative Stress Biomarker
Estimation by ELISA

Samples of rat blood serum hormonal
concentration, antioxidant concentration, and
sperm protein concentration were measured by
using ELISA kits as follows:

The hormonal ELISA kits were bought from
ELK Biotechnology, with the catalog numbers
(ELK10883) and (ELK9279). And from Reed Biotech
with the catalog numbers (RE 3119R), (RE3544R),
and (RE2557R). And from ELK Biotechnology with
the catalog numbers (ELKOO73) and (ELK7733).
The Human reader HS (Germany) ELISA reader was
used to determine the concentration of enzymes
and proteins in serum. The unit of each, according
to the user manual, is:

Selenoprotein P = nanogram (ng), Glutathione
peroxidase = picogram (pg), Glutathione reductase
= picogram (pg).

The concentrations of testosterone, LH, FSH,
sperm protamine, acrosin, selenoprotein, GR, and
GPX in the examined samples were determined
by interpolation from their respective standard
calibration curves [25].

Statistical Analysis

Data were analyzed using one-way ANOVA.
Mean comparisons were performed using
Duncan’s Multiple Range Test (DMRT) using the
statistical software package [26].

RESULTS AND DISCUSSION
Green synthesis and characterization ofSelenium
Nanoparticles SeNPs In visual observation (color
changes)

In this study, selenium nanoparticles (SeNPs)
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were synthesized using starch extract as a
reducing agent. Over time, the color changed from
a colorless aqueous solution to pale yellow, then
to dark brown after 4.5 hours on the magnetic
stirrer (Fig. 1).

Characterization of SeNPs

Fourier transform infrared spectroscopy (FT-
IR) was used to establish the identity of different
phytochemical constituents. The beak at 3434
cm™is typical of O—H stretching, which means that
biomolecules act as reducing and capping agents.
The peak at 1732 cm™ refers to C=0 stretching,
and the peak at 1631 cm™ refers to C=C. These
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Fig. 1. Color change of the solution.

all point to organic functional groups helping to
stabilize the nanoparticles. But the real giveaway
is the low-frequency bands at 539 and 468 cm™,
which belong to Se—0 or Se-Se vibrations. These
strongly indicate the presence of SeNPs in the
sample.

The FTIR spectroscopy showed successful
biosynthesis of SeNPs as indicated by peaks in (Fig.
2).

The Zeta potential value refers to the charge
which present on the surface of the particles.
When it is higher than %30, this indicates that
the synthesized particles will be repellent and
highly stable and will not aggregate together
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Fig. 2. FTIR Peaks of Se NPs.
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in the suspension. In the current study, the zeta
potential value is -58.3 mV (Fig. 3), that mean the
synthesized SeNPs are highly stable in suspension
for a long time. The effective synthesis of nano-
selenium with good crystallinity and phase
stability that matches the typical characteristics
for elemental selenium is confirmed by the XRD

examination.

The crystalline structure and phase purity of
the synthesized Selenium Nanoparticles (Se-NPs)
were characterized using X-ray diffraction (XRD).
The diffraction pattern of the sample is presented
in Fig. 4. The XRD pattern exhibits sharp and well-
defined peaks, confirming the crystalline nature

Intensity (a.u.)
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Fig. 3. Zeta potential (Mv) diagram of Se NPs.
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Fig. 4. XRD profile for Se NPs.
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of the synthesized nano-selenium. The images in
this study showed that the particles took an oval
or semicircular shape and had diameters of 30-40
nanometers (30.72, 31.66, 31.94, 38.85), as in Fig.
5, indicating successful nanoparticle formation
[27].

Effect of Se NPs on hormonal profile

Table 1 represents the concentrations of studied
hormones of all groups, which reveals a significant
(P<0.01) decrease in Testosterone concentration
in group G1 as compared with the control, G3,
and G4 groups. At the same time, the G2 group
did not show any significant(P>0.01) changes
as compared to the G1 and G3 groups. Also,
the G3 group showed non-significant (P>0.01)
differences with the control, G2, and G4 groups.
The luteinizing hormone concentration showed a
significant (P<0.01) increase in groups G1 and G2,
as compared with the control and G4 groups; the
concentration of LH in the G3 group appeared to
show non-significant (P>0.01) differences with the
control and G2 groups. The G4 group appeared
non-significant (P>0.01) change to the control
group and showed a significant (P<0.01) decrease
as compared with G1, G2, and G3 groups. The
level of FSH in the current study showed a
significant(P<0.01) increase in G1 and G2 groups
as compared to control, G3, and G4 groups. At
the same time, the level of FSH in the G1 group
appeared significantly (P<0.01) increased when
compared with the G2 group. The concentration
of the studied hormone showed no significant
(P>0.01) differences among the control, G3, and

J Nanostruct 16(2): 2244-2253, Spring 2026

Fig. 5. FESEM scan for Se NPs.

G4 groups.

Effect of Se- NPs on Antioxidant Enzyme and seleno
protein level

At a significant level (P<0.01), the concentration
of Glutathione reductase decreased significantly
(P<0.01) in all groups in comparison with the
control group. The G2 group showed a significant
(P<0.01) decrease compared with the Glgroup.
Also, the G3 and G4 groups did not show significant
(P>0.01) changes as compared to the G1 and G2
groups. The Glutathione peroxidase level study
revealed a significant (P<0.05) decrease in the G4
group when compared with the control group. But
the G1, G2, and G3 groups showed no significant
(P>0.05) differences when compared to the
control and G4 groups. In addition to the above
parameters, the concentration of selenoprotein
studied showed a significant (P<0.01) increase
in the G4 group as compared with other groups
except the G2 group, which showed non-significant
(P<0.01) changes when compared with the control
and G4 group. The G1 and G3 groups decreased
significantly (P<0.01) as compared to the G2 and
G4 groups, but not significantly (P>0.01) with the
control group Table 2.

Table 3 illustrates the effect of selenium
nanoparticle doses on serum acrosin and serum
protamine levels in the different groups compared
to the control group. It shows a significant
increase in acrosine levels in the G3 and G4 groups
compared to the control, G1, and G2 groups. No
significant (P<0.01) revealed among the control,
G1, and G2 groups. As for protamine, it shows
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a significant decrease in the G1, G2, G3, and G4
groups when compared to the control group, as
well as a significant decrease in the G3 and G4
microgram groups in comparison to the G1 group.
The G2 group showed non-significant (P<0.01)
changes with G1, G3, and G4 groups.

The FTIR, XRD, Zeta potential, and FESEM
analyses confirmed the successful biosynthesis
of selenium nanoparticles (SeNPs). The FTIR
spectrum revealed characteristic absorption
bands corresponding to functional groups involved
in the reduction and stabilization of selenium
nanoparticles. The XRD pattern showed distinct
crystalline peaks, confirming the formation of
elemental selenium nanoparticles, in agreement
with the finding reported by Kazemi (2021) [28].
Furthermore, the Zeta potential value (-58.3 mV)
indicated excellent colloidal stability and a low
tendency for particle aggregation, which may

enhance nanoparticle bioavailability and biological
activity [29].

The FESEM images demonstrated that the
synthesized nanoparticles possessed oval to semi
spherical morphology with diameters ranging from
30 to 40 nm, confirming successful nanoparticle
formation and supporting previous observations
reported by Srivastava and Mukhopadhyay
(2015) [27]. The present study demonstrated
significant alterations in reproductive hormone
concentrations following SeNPs administration.
A significant reduction in testosterone levels was
observed in treated groups. Although selenium
is known to support testicular function through
its antioxidant properties, the reduction in
testosterone may indicate a dose-dependent
physiological response. High concentrations of
selenium nanoparticles may alter steroidogenic
activity in Leydig cells, leading to reduced

Table 1. Effect of SeNPs dosage(ug/kg) on hormone levels in rats (Mean + SE).

Groups Testosterone ng/ml LH mlu/ml FSH mIU/ml
Control 14.059+1.164 A 2.361+0.392 DC 13.791+1.022C
G1 9.489+0.224C 6.055 +0.848 A 23.909 £ 1.232 A
G2 10.886 + 0.224 BC 4.680 + 0.542 AB 18.363 +1.2978B
G3 12.540 + 0.531 AB 3.666 + 0.423 BC 13.305+0.733C
G4 14.638 +1.011 A 2.010+0.229D 11.563+1.161 C
Sign. Level *x ** **

Means with different superscript letters differ significantly (P<0.01) **, (P<0.05) *

Table 2. Effect of Se-NPs dosage(ug/kg) on antioxidants levels in rats (MeanSE).

Dosages Glutathione reductase pg/ml Glutathione peroxidase pg/ml Selenoprotein ng/
Control 346.440+ 11.351 A 1670.00 + 86.023 A 1.600 + 0.109 BC
Gl 268.460 £33.4718B 1650.00 + 128.452 AB 1.120+0.245C
G2 184.480 £8.057 C 1444.00 + 83.88 AB 2.440 £ 0.519 AB
G3 205.500 + 26.034 BC 1490.00 + 85.732 AB 0.940+0.188 C
G4 228.660 + 19.027 BC 1340.00 + 107.703 B 2.920+0.389 A
Sign. Level ** * **

Means with different superscript letters differ significantly (P<0.01) **, (P<0.05) *).
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testosterone synthesis despite the presence of
adequate antioxidant support.

Similar findings were reported by Abdallah et al.
(2023) [30], who observed decreased testosterone
concentration following nano selenium
administration. In contrast, significant changes in
luteinizing hormone (LH) and follicular stimulating
hormone (FSH) concentration were detected.
These alterations may reflect modulation of
the hypothalamic pituitary gonadal (HPG)axis.
Selenium is an essential component of several
selenoproteins that protect reproductive tissues
against oxidative stress and maintain cellular
homeostasis. Therefore, the observed increases
in LH and FSH may represent a compensatory
endocrine response aimed at maintaining
reproductive function and supporting testicular
activity. Similar observations have been reported
by Gan et al. (2019) [31], Yuan et al. (2024) [32],
and Dkhil et al, (2016) [33].

These findings support the concept that
selenium does not necessarily stimulate
testosterone production directly, but rather
improves  the  physiological  environment
required for normal endocrine and reproductive
function. This interpretation is consistent with
the conclusions of Zecevic et al. (2025) [34],
who suggested that selenium contributes to
spermatogenesis and steroidogenesis primarily
through its antioxidant and cytoprotective
effects rather than through direct hormonal
stimulation. The antioxidant biomarker results
revealed a significant alteration in glutathione
reductase (GR), glutathione peroxidase, and
selenoprotein P concentrations. Selenium plays
a fundamental role in the antioxidant defense
system because it forms an integral component of
several antioxidant enzymes and selenoproteins.
The increase in selenoprotein P may indicate
enhanced selenium transport and utilization
within biological tissues. Conversely, the reduction
observed in GR and GPx concentrations may reflect

increased consumption of antioxidant defenses
in response to metabolic changes induced by
SeNPs exposure. Similar findings were reported by
Nasirpour et al. (2017) [35], who attributed these
alterations to enhanced antioxidant utilization
during oxidative stress regulation. However, other
studies reported increased antioxidant enzyme
activities following selenium supplementation
[36,37]. These discrepancies may be attributed
to differences in selenium source nanoparticles,
nanoparticle characteristics, dosage, duration of
administration, animal species, and physiological
condition. As suggested by Zhang et al. (2023)
[38] and Yuan et al. (2024) [32], the biological
effects of selenium nanoparticles are highly
dependent on dose and experimental conditions
regarding sperm associated protein; acrosin
concentration increased significantly in some
treated groups. Acrosin is a proteolytic enzyme
that plays a critical role during fertilization by
facilitating sperm penetration through the zona
pellucida. The increase in acrosin concentration
may indicate stimulation of biochemical pathways
associated with sperm functional development
and reproductive capacity. Similar findings
were reported by Horkey et al. (2023) [39], who
demonstrated beneficial effects of selenium
nanoparticles on male reproductive performance.
In contrast, protamine concentration decreased
significantly in all treated groups. Protamine
is an essential nuclear protein responsible for
chromatin condensation and stabilization of sperm
DNA during spermatogenesis; therefore, reduced
protamine levels may indicate alteration in the
chromatin remodeling process or disturbances
in sperm nuclear protein synthesis. This finding
suggests that although SeNPs may improve some
reproductive biomarkers, excessive exposure may
adversely affect specific molecular components.
Similar observations were reported by Khalil et
al. (2023) [40], who highlighted the importance
of dose optimization when using SeNPs in

Table 3. Effect of Nano Selenium dosage(ug/kg) on sperm proteins levels in rats (Mean+SE)

Dosages Acrosin ng/ml Protamine ng/ml

Control 0.780+0.058 C 6.920+1.084 A

G1 1.360+0.172C 4.280+0.265B

G2 0.680+0.115C 3.160 + 0.163 BC

G3 4.460+0.9118B 1.660+0.215C

G4 6.940+£0.855 A 1.760+0.307 C
Sign. Level *x **

Means with different superscript letters differ significantly (P<0.01) **, (P<0.05) *).
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reproductive studies.

CONCLUSION

Biosynthesized selenium nanoparticles altered
reproductive hormonal, sperm protein, and
antioxidant profiles in immature male rats. The
results suggest that SeNPs influence reproductive
and antioxidant functions in a dose-dependent
manner. Further investigations are needed to
clarify their mechanisms of action and evaluate
their long-term reproductive safety.
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