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activity, and reproductive health in birds. This study
evaluated the effects of different levels of selenium in
the diet and drinking water on the expression of genes
related to inflammation, antioxidants, apoptosis, and
testicular metabolism in poultry. The results showed
that selenium positively influenced immune responses
in chickens. Higher selenium levels in water or in
combination with feed (T3 and T4) significantly
reduced IL-1PB gene expression. Conversely, IL-1RN
expression increased in the feed-only treatment (T2)
but decreased when selenium was provided through
water or both sources. Notably, SelPF15 gene
expression rose significantly across T2, T3, and T4
compared to the control (T1). Additionally, SelPP
expression increased in T2 and T3 treatments but
decreased in T4. Analysis of programmed cell death
revealed a decrease in Fas gene expression with
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selenium treatments, while FaslG and Caspase-3
expressions increased significantly. Superoxide
dismutase (SOD 3) expression was higher in T3 and
T4 but lower in T2. Significant effects on NOX5 and
AGT were observed with feed and water
combinations, but not when both were supplemented
together. Lastly, POR expression declined with
selenium treatments, while AKT expression increased
across all treatments, suggesting that enhanced
selenium availability boosts these metabolic
pathways. Overall, the findings indicate that increased
selenium significantly improves immune response,
apoptosis, antioxidant activity, and testicular structure
in poultry.

Keywords: Selenium, Testis, Expression genes, Chickens, Ultrastructure.
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Introduction

Selenium (Se) is a chemical element and an essential nutrient (24). It is well
established that it is an important trace element (25), and is closely related to cytokines
during inflammation (23). In addition to its role in the immune system and apoptosis,
selenium is administered to protect animals against metal toxicity and damage to the
male reproductive system (10). Due to its multiple protective roles and important
functions in regulating cellular homeostasis, metabolism, and antioxidant defense,
Selenium supplementation in animal sciences has become increasingly important (20).
A previous study found that feeding chickens with selenium increased glutathione
peroxidase (GSH-Px) activity in their testes and seminal plasma, demonstrating that
dietary selenium has beneficial effects on the antioxidant system in sperm (21).
Selenium is an essential nutrient required in the diet, and its deficiency can lead to
reproductive disorders (18) and abnormal mitochondria in sperm (2). Accordingly, a
recent study indicated that selenium deficiency can cause reproductive decline in
poultry due to increased oxidative stress (19). Recent studies have also shown the
effectiveness of adding antioxidants in improving the physiological and immune
properties of poultry tissues (14 and 15).

The testis is the most important reproductive gland of male animals, and testicular
growth is crucial for male fertility. It comprises two main tissue types: parenchymal
and interstitial (17). The parenchyma consists of seminiferous tubules where adjacent
Sertoli cells form tight junctions, creating the blood-testis barrier (BTB) (9). The BTB,
known as the Sertoli cell epithelial barrier, is one of the tightest blood-tissue barriers
in the mammalian body (13). It has a crucial role in maintaining spermatogenesis by
protecting spermatogenic tubules from harmful substances in the blood, preventing
sperm antigens from entering the bloodstream and triggering autoimmune reactions,
and providing nutrients and a stable environment necessary for germ cell proliferation,
division, and maturation (3). The testicular tissue is distributed between the
seminiferous tubules and consists mainly of Leydig cells, which are responsible for the
secretion of male hormones (5).
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This study aimed to evaluate the effects of increasing selenium supplementation in
the diet and drinking water on the gene expression of some inflammatory response
genes, antioxidants, apoptosis, and metabolism of testicular tissue in poultry.

Materials and Methods

Animal and Tissue Sampling: Healthy male Ross 308 chickens were obtained from
the experimental chickens. Two hundred male chickens were randomly divided into
four groups, with five replications per treatment (10 chickens per replicate), and housed
in cages until they reached six weeks of age. The first control group (T1) was fed a
standard diet, and the second experimental group (T2) was fed the experimental diet (a
basal diet supplemented with 0.3 mg/kg of inorganic selenium) and untreated water.
The third experimental group (T3) received a standard feed and treated water (250 ppm
selenium solution), and the fourth experimental group (T4) received 250 ppm selenium
solution in the water and was fed the experimental feed (basal diet + 0.3 mg/kg
inorganic selenium).

After six weeks of feeding, ten roosters were randomly selected from each group,
euthanized, and their testes promptly removed and weighed. The testes were cut into
two parts, one prepared for histological observation, and the other frozen in liquid
nitrogen at —80 °C for real-time polymerase chain reaction (RT-PCR) analysis. All
experimental methods and sample collection for this study were carried out in
compliance with the guidelines provided by the Institutional Animal Care and Use
Committee at Northeast Agricultural University (NEAU).

Preparation of testicular tissue samples using TEM: Testicular tissue samples were
prepared for transmission electron microscopy (TEM) by cutting the testes into 1-2
mm?3 blocks and post-fixing them in 2.5% glutaraldehyde in a 100 mM phosphate buffer
at pH 7.0 for 2-24 hours. The sections for histological evaluations were prepared
according to Watson (22). Tissue sections from 5 male chickens were used in each
group, and at least 60 tubules (n = 20) were used to evaluate the circular cross-sections.
The total cell numbers in the circular tubule cross sections were used as the
denominator for calculating cell proportions. Sections were observed and
photographed under a transmission electron microscope (Hitachi, Tokyo, Japan).

Extracting RNA from testis tissues: RNA from each testis tissue (—80 °C) was
isolated using the TRIzol reagent method according to the manufacturer’s instructions
(Invitrogen Corporation, Carlsbad, CA, USA). RT-PCR and PCR were used to prepare
cDNA from this procedure, and the following PCR reactions performed with 0.24
umol/l of each sense and antisense primers, 0.06 mmol/l of rTaq polymerase, 0.8
mmol/l deoxynucleotide mixes, and 10x PCR buffer. The reaction was performed by
predenaturation at 94 °C for 5 min, denaturation at 94 °C for 30s, and annealing at 61.5
°C for 30s. This was followed by 30 cycles of extension at 72 °C for 40s and a final
extension at 72 °C for 10 minutes, with the reaction held at 4 °C after completion. The
results were analyzed on a 1.5% agarose gel via electrophoresis.

Quantitative real-time PCR analysis: The analysis was conducted using quantitative
real-time PCR on an ABI PRISM 7500 detection system (Applied Biosystems, USA).
The reactions were performed in a 20-ml reaction mixture comprising 10ml PCR
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Master Mix (SYBR Green | 2x) (TaKaRa, China), 2ml diluted cDNA, 0.4ml each of
the primers (10 mM), 0.4ml ROX Reference Dye Il (50x), and 6.8ml pure PCR water.

Thermal reaction conditions: Thermal reaction conditions involved initial
termination at 95 °C for 30s and amplification for 40 cycles including 5 °C for 5s
(termination) and 60 °C for 20s (extension). The primers were specifically designed
for the experiment by the first author. f-actin was used as an internal reference gene.
The oligonucleotide sequences of the forward and reverse primers of the target genes
are shown in Table 1. The relative estimate was expressed as the ratio of the target to
the control genes using the delta-delta Ct (AACt) method of Livak and Schmittgen (11).

Table 1: List of gene-specific primers.

Name of Nucleotide Sequence of Primers (5'—3’) ID: NCBI Fragment
Target Gene Size (bp)
FASLG AGGAAGCAAGGAAGGCAGCA NM_001031559.1 171
GGAAGAGCACATTGGAGTA
Fas TCTCGGTGTGAACATTGCGAGTGTCT NM_001199487 81
GAAGTTGAAGTAC
AGT CCAAAAGCAAAGGCCAAAGC XM_419584.6 79
CGAACATCCACTGCAACCA
Caspase-3 CCACGCTCAGGGGAAGATGTAT NM_204725 178
CGGTATCTCGGTGGAAGTTCTTA
Gpx-3 AGGGCCAGGAGAGGGA NM_001163232.2 64
CCGTAGTCGTAGATGGTGC
POR GGGCTGGGGAACAAGACTTA NM_001195796.1 67
CCTCCAGTCTCTTGTCCACA
SOD3 ATCCAAGCAGCGCGTTACT XM_015285700.2 98
CCCATCAGTCTCATTATCAGCC
NOX5 CCCTTTGCCTCCATCCTGC NM_001305472.1 129
CCGGTTGATCCAGATGAAGT
IL-1B GGCACTGGGCATCAAGGGCT NM_204524.1 210
AGGGAGGTGCAGATGAA
IL-1RN GCCTCCGCGCCGTTCACCT HEG608245 93
GGAGGTGCAGAGGAA
SelPF (15) AGCTTGCAGGGAACTTGGC NM_001012926.3 168
CCACATACTTCTAGGACAGCTC
SelPP1 CGGTGGTCGCTCTCCTC NM_001031609.2 91
CCCTCATTCTCTAACTTCACTC
AKT ACAGAACTCACGGCATCCA NM_205055.1 143
CCCGGTCTTCAGAAAATACACGC
B-actin CCGAGAGAGAAATTGTGCGTGAC L08165 166
TCGGGGCACCTGAACCTCTC

Statistical analysis: The experimental data are presented as mean + SD. The
statistical analysis was performed using CoStat software (CoHort Software, Monterey,
CA, USA). Differences between the two groups were detected by one-way analysis of
variance (ANOVA) and the t-test values of P <0.05 or P <0.01.

Results and Discussion

Figure 1 illustrates the effect of increasing selenium intake on the immune response
of roosters. Figure 1A shows that increasing selenium through water or through both
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water and feed (T3 + T4) resulted in a significant decrease in interleukin IL-1p (P <
0.05) gene expression. In contrast IL-1RN gene expression increased markedly (P <
0.05) in the T2 feed treatment while it decreased significantly for T3 and T4 compared
to the control treatment.
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Fig. 1: Effect of dietary selenium supplementation on the mRNA levels of
immune response genes in the testicular tissues of poultry under different
treatments.

(A) Interleukin IL-1B, and (B) IL-1RN gene expressions. Values are means + standard error (SD).
Different lowercase letters indicate significant differences between treatments. *P < 0.05.

The results in Figure 2 indicate an increase in SelPF15 gene expression following a
significant (P < 0.05) addition of selenium to the feed, water, or to both water and feed
(T2, T3, +T4) compared to the control T1. The results also show a significant increase
(P <0.05) in SelPP gene expression in treatments T2 and T3, while the higher selenium
in the water and feed (T4) led to a significant decrease compared to the control
treatment. This indicates that higher selenium amounts negatively affect SelPP gene
expression (Fig. 2B).
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Fig. 2: Effect of dietary selenium supplementation on the mRNA levels of
selenoprotein genes in the testicular tissues of poultry under different
treatments.
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(A) SelPF15, and (B) SelPP gene expressions. Values are means + standard error (SD). Different
lowercase letters indicate significant differences between treatments. *P < 0.05.

Figure 3 shows the effect of increasing selenium dosage on programmed cell death,
with Fas gene expression decreasing significantly (P < 0.05) compared to the control
(Fig. 3A). However, increasing selenium in the feed, drinking water, or in both resulted
in a significant increase in FaslG gene expression over the control treatment (Fig. 3B).
Additionally, as seen in Fig. 3C, there was a significant increase in caspase-3 gene
expression from the selenium addition compared to the control treatment.
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Fig. 3: Effect of dietary selenium supplementation on mRNA levels of apoptosis
genes in the testicular tissues of poultry under different treatments.

(A) Fas, (B) FaslG, and (C) caspase-3 gene expressions. Values are means + standard error (SD).
Different lowercase letters indicate significant differences between treatments. *P < 0.05.

Figure 4 demonstrates the effect of increased selenium inputs on antioxidants in
chicken testicles. As seen in Figure 4A, increasing selenium levels in water or both
feed and water (T3 + T4), and in limited amounts, led to a significant increase in SOD
3 gene expression compared to the control group, However, it declined markedly in the
feed-only treatment (T2).

As for its effect on the NOX5 and AGT genes, it was highly statistically significant
(P<0.05) when added to the feed and water (T2 + T3) but had no significant impact on
gene expression compared to the control treatment (Fig. 4 B and C). In contrast, the
gene expression of the antioxidant Gpx3 increased significantly (P < 0.05) in the feed
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treatment (T2); it also increased in the other selenium treatments (T3 + T4) but without
statistical significance compared to the control treatment (Fig. 4D).
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Fig. 4: Effect of dietary selenium supplementation on mRNA levels of
antioxidant genes in the testicular tissues of poultry under different treatments.

(A) SOD3, (B) NOXS5, (C) AGT, and (D) Gpx3 gene expressions. Values are means + standard error
(SD). Different lowercase letters indicate significant differences between treatments. *P < 0.05.

The results in Figure 5 show the effect of selenium dosages on metabolic genes.
Figure 5A indicates a significant decrease in POR gene expression compared to the
control treatment. Increasing the availability of selenium through water or both food
and water did not affect POR gene expression. AKT gene expression increased
significantly in the selenium treatments (T4, T3, T2) compared to the control treatment,
suggesting a positive relationship between the two factors (Fig. 5B).
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Fig. 5: Effect of dietary selenium supplementation on mRNA levels of metabolic
genes in the testicular tissues of poultry under different treatments.

(A) POR and (B) AKT gene expressions. Values are means * standard error (SD). Different lowercase

letters indicate significant differences between treatments. *P<0.05.

Histological study: In comparing gene expressions, several distinctive features and
changes can be observed from studying the testicular tissue of selenium-treated poultry
using a TEM (Figure 6). The irregular shapes in T1 within the nucleus may indicate
structural changes resulting from oxidative stress caused by decreased SODS3,
increased free radicals, and ineffective apoptosis. These irregular shapes may be the
result of changes in the chromatin structure or components of the nucleus due to
accumulated stresses. Also, the increase in IL-1B may reflect an inflammatory
response that interacts with oxidative stress, leading to overlapping effects on the
structure of cells and the nucleus.

In general, these changes reflect a state of cellular stress with an inflammatory
response, which can impair the stability and structure of the nucleus, and increase the
likelihood of the appearance of abnormal cells. The increased expressions of NOX,
Gpx3, caspase-3 and AGT genes in the selenium diet treatment (T2) indicate the
cellular response to high oxidative stress, which lead to DNA damage and high activity
in the nucleus to repair the damage, appearing as dense granules inside the nucleus.

The increased FasL and lower Fas appears to enhance apoptosis mechanisms in
neighboring damaged cells without affecting the cells themselves. This leads to
chromatin condensation inside the nucleus and promotes the appearance of granules as
the cell prepares for death. Thus, these changes reflect an adaptive response of the cell
to oxidative damage and increased cell death activity, which leads to chromatin
reorganization and the appearance of dense granules as a sign of this adaptation. In the
T3 selenium-water treatment, the changes indicate a state of readiness for cell death,
but due to the increase in SOD3 and AKT, the cells were able to protect themselves
from potential damage and not enter the full programmed cell death pathway. The
absence of granules in the nucleus indicates that the defense mechanisms succeeded in
maintaining chromatin stability, despite the presence of warning signals.
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The results from increasing selenium in the feed and water (T4) revealed a state of
inflammatory response with a decrease in cell death pathways. The decrease in caspase-
3, SOD3, AKT and AGT suggests a deficiency in protective mechanisms, but the
absence of granules in the nucleus indicates that oxidative damage is not yet sufficient
to induce cell death or affect chromatin stability.
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Fig. 6: TEM images of a cross-section of testicular tissue showing the effect of
selenium supplementation on spermatids in chicken testes.

(A) Compared with the control group, the TEM image of selenium treatments shows a difference in the
distribution and density of chromatin granules within the nucleus. (B) Shows the gene expression profile
of all studied genes for each treatment group: T1 - control group; T2 - basal diet containing +0.3 mg
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solution); and T4 - represented by adding selenium to the water (250 ppm selenium solution) and the
experimental feed (basic feed containing + 0.3 mg inorganic selenium Se/kg).

Discussion: Selenium (Se) is a crucial trace element in the diet that has a key role in
regulating various physiological functions in humans, livestock, and poultry by being
incorporated into a variety of selenoproteins. A global issue is the low selenium content
in primary feed ingredients, which has led to the common practice of supplementing
poultry and livestock diets with the element. Recent studies have shown that sodium
selenite, which has been used as a feed supplement for the past 40 years, is not the most
effective form of selenium. In contrast, incorporating organic selenium into animal and
poultry diets can better meet its requirements while supporting high levels of immune
competence and enhancing both productive and reproductive performance (6 and 27).

The obtained results reveal significant improvement in the testicular structure of the
selenium-supplemented group when compared to the control. The TEM images show
reduced inflammatory responses induced by IL-1p in the testicular tissues and higher
IL-1RN activity, which suppresses inflammation. This is evidenced by improvements
in the mitochondria structures, cell membranes, and nuclei in testicular cells (4).

SelP15 and SelPP proteins are associated with increased antioxidant protection in
testicular tissue. TEM images show these proteins, in conjunction with increased
selenium levels, playing a vital role in improving the structure of mitochondria, cell
membranes, and nuclei. Testicular cells are shown to be in excellent condition with
completely intact mitochondria. Cell membranes appear intact, and the nucleus
contains compact chromatin with no signs of damage. Cell vacuoles are almost absent,
indicating the optimal health of the cells. Higher selenium levels enhance the ability of
SelP15 and SelPP to protect testicular tissues from oxidative stress while lowering the
activation of the Fas/FasL apoptosis pathway. This improvement is shown in the TEM
images as a restoration of the structure of mitochondria, cell membranes, and nuclei,
and reduced signs of damage or apoptosis (Fig. 6).

Increased selenium levels also enhance POR and AKT activity in testicular tissue,
leading to improved metabolic performance and protection from oxidative stress. The
TEM images show significant improvements in mitochondria structures, cell
membranes, and nuclei from selenium supplementation reflecting positive effects on
testicular tissue in each treatment group.

Previous studies have reported that sodium selenite protects testicular gametogenic
and spermatogenic disorders against carbimazole and prevents testicular oxidative
stress by increasing the antioxidant status (12). Khalid et al. (16) reported that
supplementing selenium to chicken testis reduced testicular germ cell apoptosis activity
(8). Another study observed a notable decrease in the apoptotic index of spermatogenic
cells after scrotal hyperthermia in selenium-supplemented mice (7).

Furthermore, a recent study by Zaki et al. (26) showed that selenium led to a
decrease in MDA and an increase in the activities of SOD and GPx (26). Also, Ahmad
et al. reported that changes in antioxidant enzyme activities (CAT, SOD) are related to
the overexpression of the selenoprotein iodothyronine deiodinase, thus leading to the
high-level production of reactive oxygen species (1). Some studies suggest that the
stimulation of antioxidant activity by selenium may be related to the effects of GH and
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IGF in vitro (16), which would promote oxidation and diminish GPx activity when they
act as somatic growth inductors. Thus, selenium and GPx, among other selenoproteins,
may play a crucial role in biological development by preventing concomitant oxidation.

Conclusions

This study showed that increased levels of selenium in the diets of male poultry
boosted antioxidant enzyme activity, enhanced immunity and apoptosis, as well as
improved metabolism. These findings provide further evidence of the positive effects
of increased selenium levels on the testicular growth of poultry.
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