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Abstract

Background: Antioxidant enzymes and selenium in semen plasma have vital effects on reducing lipid peroxidation of spermato-
zoid membrane in elderly organisms by preventing the destructive effects of reactive oxygen species. Therefore, the use of antioxi-
dants and selenium is essential for normal testicular function and spermatogenesis.

Methods: In this experimental study, 44 male Wistar rats aged 2.5 months (young) and 44 male Winstar rats aged 11 months (old)
were separated into 4 groups of control, placebo, experimental 1 (0.2 mg/kg BW), and experimental 2 (0.4 mg/kg BW). Rats encoun-
tered weekly surgery after a week of receiving different treatments. Resection of their testes was used for histological studies.
Results: The number of spermatocytes, spermatid, and spermatozoa in young and old rats increased during the study period. In
young rats, the highest number of these cells remarked in the third and fourth weeks of the experiment using selenium nanopar-
ticles (ranged from 165.3 to 285.3 X 10°). For old rates, the highest number of the abovementioned cells observed in the second
week of the experiment (ranged from 143.3 t0146.7 x 10°). Variables of treatment, week, and age presented significant effects on the
number of testicular germ cells. Also, applied treatments had no significant effect on the sperm quality characteristics of rats. The
number of Sertoli and Leydig cells did not show a significant difference compared to the control group. The results showed a positive
and highly significant correlation between spermatozoid, spermatocytes, and spermatocytes. The findings also indicated the same
genetic and environmental effects on the traits. Therefore, any spermatocyte shift will have a direct influence on the spermatozoid.
Conclusions: This study demonstrated that using selenium nanoparticles in young and old age groups in rats could improve tes-
ticular germ cells, especially in the old group. Therefore, with growing age and decreasing sperm quality, selenium nanoparticles
can be used due to their positive effect on sperm parameters and their low health risk.
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. Background fore, in addition to the role of this element in energy pro-
duction, sperm motility, and spermatogenesis, it can af-

Selenium is an essential trace substance involved in a fect testicular tissue, which depends on its optimal level.

range of biochemical and physiological processes, so that
its deficiency may cause several problems. The selenium
supplements are necessary for improving the reproduc-
tive function of many species (1-5). In addition, they have
a vital role in human and animal bodies to make seleno-
proteins as enzymatic compounds (6). Selenium also con-
tributes to selenoproteins production, which makes up
the bulk of the mitochondrial capsule in the middle region
of the sperm. Selenium deficiency in rats leads to abnor-
mal deformity of sperm (shape and immobile tails) with
increased fragility of the spermatozoon capsule (7). There-

This element is part of enzymes such as GPx1, GPx3, mGPx4,
cGPx4, and GPx5, which protect sperm from oxidative dam-
age throughout puberty (8).

Recently, CatSpers1-4 have been classified as a family of
sperm-specific cation channels. These proteins are voltage-
dependent ion channels that regulate sperm motility. Ren
etal. (9) identified gene 1, which not only plays a function
in controlling sperm motility, but also encodes a calcium
channel in the sperm tail by regulating the calcium flow
into the sperm. The calcium ions control spermatozoid
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motility by affecting the spermatozoid tail. It worth not-
ing that this channel is expressed exclusively in the testis
tissue.

The reactive oxygen species (ROS) can have beneficial
and detrimental effects on sperm function, which vary ac-
cording to the type and concentration of ROS and exposure
duration. Sperms produce a small quantity of ROS under
physiological conditions, which is essential for sperm ca-
pacity and acrosomal reaction. On the other hand, sperm
and white blood cells can produce ROS, which in turn cause
damages to sperm cells by reacting with cellular macro-
molecules (10).

Susceptibility to oxidative stress varies depending on
the sperm maturation stage. In the first stage of differ-
entiation, in which cell divisions are actively occurring,
DNA is the target of ROS for mutation. Cytoplasm plays an
active protective role, and there are various checkpoints
for repairing possible defects. During puberty, the cyto-
plasm shrinks, and the cells have less protection against
ROS. Finally, in the dense phase of sperm DNA, the plasma
membrane is enriched by phospholipids with the highest
amount of saturated fatty acids, which causes sperm sen-
sitization to oxidative damage (11, 12). Selenium catalyzes
the breakdown of lipid peroxides and hydrogen peroxide
(13). Research has shown that selenium supplementation
could improve reproductive function and reported its ne-
cessity for normal testicular development and spermato-
genesis in rats, mice, and pigs (14, 15). Most antioxidants
change throughout the life of organisms, and glutathione
peroxidase activity decreases with age (16).

This experiment was performed on rats because ani-
mal models are appropriate for investigating the condi-
tion of the reproductive glands in the spermatogenesis of
humans and rodents (17). As rats grow throughout their
life, degenerative changes in testicular tissue cause de-
creased quality of sperm (17-22). One of the factors that
have a toxic effect on sperm quality is increased oxygen-
free radicals. However, small amounts of these radicals
are necessary for sperms to achieve fertility. In contrast,
in large amounts, it must be constantly inactivated to ob-
tain normal cell function (22). An animal study reported
that aged pigs had decreased antioxidant enzyme activ-
ity (23). In farm animals, it is vital to use adequate sele-
nium amount, mainly as a dietary supplement, to main-
tain health and beneficial reproduction (24).

2. Objectives

The effects of nanoparticles on the cellular and tissue
surface have not been fully understood. However, it seems
that this technology can be a useful step in preventing in-
fertility in males (25). The present study aimed to investi-

gate the changes in sperm cell count after using 0.2 and 0.4
mg/kg of selenium nanoparticles.

3. Methods

3.1. Laboratory Animals and Rearing House

In this experimental study, 44 male Wistar rats aged 2.5
months (200 £ 10g) and 44 male Winstar aged 11 months
were obtained from the Laboratory Animal Breeding Cen-
ter of the Faculty of Veterinary Medicine, Shiraz University
(Iran). During the adaptation period, animals were kept in
the animal house of Islamic Azad University, Darab Branch,
for two weeks before the experiment and pelleted feed was
used. Ambient temperature and the humidity were 22 °C
and 50 - 55%, respectively. A 12/12 dark/light cycle was ap-
plied for all animals. The air in the room was ventilated
by two ventilators embedded on either side of the room,
and the floor of the equipment was disinfected. Water and
feed were available to the animals without anyrestrictions
(ad libitum). The animal cages were made of transparent
Macrolon with dimensions of 55 x 30 X 20 cm with amesh
roof. The floors of the cages were covered with sawdustand
wood chips, and the cages were cleaned and disinfected
once every two days. Before beginning and during the ex-
perimental period, all rats were weighted twice a week. Be-
fore weighting each rat, the digital scale was calibrated.

3.2. Animal Grouping

In the present study, 88 Wistar male rats were ran-
domly divided into 4 groups, with 11 rats in each group. The
experimental diets was applied for 42 days. To determine
the dose of the extract, the LD50 method was used. The
experimental treatments were given to rats by nasogastric
tube or NG tube (gavage). The treatment groups were in-
cluded: (1) control group (received only pelleted feed and
water daily); (2) placebo group [received only solvent (dis-
tilled water) daily]; (3) experimental group 1 (0.2 mg/kg
body weight per day of selenium nanoparticles); and (4)
experimental group 2 (0.4 mg/kg body weight per day of
selenium nanoparticles).

3.3. Production Method of Nano-selenium

To prepare selenium nanoparticles, the method of re-
ducing selenium oxide was applied using ascorbic acid
according to Zhang et al.’s method (26). At first, ascor-
bic acid solutions were prepared with a molecular weight
of 176.12, Sigma Company with catalog number 1043003
and selenium dioxide with a molecular weight of 110.96,
Sigma Company with catalog number 200107. To prepare
3 g of selenium nanoparticles, 4.261 g of selenium dioxide
was added in 1900 mL of distilled water. Afterward, the
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ascorbic acid solution was added to the selenium dioxide
solution. The final concentration of selenium dioxide in
2000 mL of the volume was 0.0135 mol and reached 0.054
mol. The red nano-selenium particles begun to form after
adding ascorbic acid, which changed the color of the so-
lution from a colorless to a red state, indicated the solu-
tion containing selenium dioxide in monoclinic and amor-
phous forms (26). The prepared solution was placed in a
quiet place to make nanoparticles for 12 - 44 hours. The ob-
tained selenium nanoparticles were approved by electron
microscopy (SEM) in a size of 100 nm.

3.4. Method of Preparing and Studying Slides of Testicular Tissue

The samples were collected on day 42 (27) for histo-
logical studies. The testes were withdrawn from the rats
and placed in a container containing 10% formalin. After
tissue passage, paraffin blocks and tissue sections, with a
thickness of 5 microns, were developed by a microtome de-
vice. The tissue samples were analyzed under a light micro-
scope using hematoxylin-eosin staining. Slides fixed from
the cross-sections of the left and right testes of rats were
studied separately by light microscopy at 40X magnifica-
tion. In each slide, the number of spermatogonia, sperma-
tocytes, spermatids, spermatozoa, Sertoli, and Leydig cells
was counted with a magnification of 40 x. A graticule lens
and a Nikon camera microscope were operated to prepare
the photomicrograph (Figures1- 4).

3.5. Ethical Consideration

In all stages of the experiment, the principles of work-
ing with laboratory animals in accordance with the law on
care and working with laboratory animals were observed.
Besides, the principles of the Research Ethics Committee of
the Islamic Azad University (IAU) were followed.

3.6. Statistical Analysis Method

This study was performed as a 2 X 4 factorial exper-
iment following a completely randomized design (CRD).
The results concerning the mean number of spermatogo-
nia, spermatocyte, spermatid, spermatozoid, Leydig, and
Sertoli in different groups were statistically analyzed. Data
related to cell counts were analyzed separately by SAS and
compared through Duncan test.

4. Results

4.1. Number of Spermatogonia and Spermatocyte

For both young and old rats, the number of sperma-
tocytes, spermatids, and spermatozoids increased during
the study period. The highest number of the abovemen-
tioned cells remarked in young rats in the third and fourth
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weeks of the experiment using selenium nanoparticles
(ranged from 165.3 t0285.3 X 10°). Butin old rates, the high-
estnumber of mentioned cells was observed in the second
week of the experiment (ranged from 143.3 t0 146.7 X 10°).
The effects of treatment, week, and age of rats on the num-
ber of testicular germ cells were statistically significant (Ta-
ble 1and Figure 5).

According to the findings, the number of spermatogo-
nia and spermatocyte was not significantly different be-
tween the experimental and control groups, based on the
age group (P> 0.05) (Table 2). The age difference reduced
the number of sex cells, but in old rats, the average num-
ber of spermatid and spermatozoid was increased with the
consumption of selenium nanoparticles. Thus, the num-
ber of spermatids rose from 34.17 to 113.30 x 10, and the
spermatozoid recorded the range of 43.75 to 125.00 x 10°.
The ratio of changes in spermatogonia and spermatocyte
between the two age groups, using different treatments,
ranged from 68.61 to 89.73 (with a difference of 21.12) and
60.74 to 86.61 (with a difference of 25.87), respectively.

4.2. Number of Spermatid

Different treatments did not have a significant effect
on the mean spermatid in the young rats (P > 0.05).
But numerically, the lowest spermatid was recorded in
the control group (133.33 X 10°), but 0.4 mg/kg of se-
lenium nanoparticles was observed as the highest value
(169.90 x10°). The number of spermatid in old rats ranged
from 34.17 to 113.30. Selenium nanoparticles exhibited a
highly significant difference in spermatid (P < 0.01). The
spermatid ratio showed a range of variation from 21.68 to
66.69 in young and old rats (with a difference of 45.01). The
45.01 difference between the lowest and highest recorded
ratios indicated the effectiveness of selenium nanoparti-
cles (Table 2). With the use of nano-selenium, the number
of spermatid cells in old rats showed an increasing trend
(Figure 6), so that the number of these cells increased from
34.17 to 113.30 (P < 0.05).

4.3. Number of Spermatozoid

Selenium nanoparticles had no significant effect on
the mean spermatozoid in youngrats compared to the con-
trol and placebo groups. Old rats showed highly signifi-
cant differences in spermatozoid after receiving different
treatments (P < 0.0004). Thus, the minimum and the max-
imum number of these cells were 43.75 and 125.00, respec-
tively. Recorded ratio changes of spermatozoid ranged
from 23.37 to 59.38 in young and old rats (with a differ-
ence of 36.01), respectively. There was a significant pos-
itive correlation between spermatid and spermatozoid,
and changes in these two cell types were not unexpected
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Figure 1. Photomicrograph of testicular tissue in a control group of young rat; magnification 100 X, hematoxylin-eosin staining
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Figure 2. Photomicrograph of testicular tissue in a control group of old rat; magnification 100 X, hematoxylin-eosin staining

Table 1. The Effect of Nano-selenium on Changes of Spermatogonia, Spermatocytes, Spermatids, and Spermatozoa Count in Different Weeks ( x10°)

Spermatogonia Spermatocyte Spermatid Spermatozoid
Treatment
Young old Young old Young old Young old

Control

Week1 633 69.3 105.0 36.7 125.0 26.7 165.0 21.7

Week 2 75.0 62.7 136.7 133 164.0 433 190.0 40.0

Week 3 67.0 65.0 121.7 1317 132.7 53.3 193.3 70.0

Week 4 64.0 833 132.3 133 123.7 40.0 1733 433
Placebo

Week1 76.7 55.0 18.3 50.0 1433 40.0 175.0 383

Week 2 70.0 63.3 130.0 86.0 1533 36.7 185.0 60.0

Week 3 65.7 633 186.0 106.7 184.7 36.7 259.3 45.0

Week 4 703 80.0 141.7 103.3 149.0 233 165.0 40.0
0.2

Week1 70.0 64.7 1333 157.0 145.0 96.3 171.7 91.3

Week 2 86.7 58.3 103.3 146.7 1333 1433 190.0 146.7

Week 3 74.7 76.7 193.0 126.7 213.0 56.7 2853 80.0

Week 4 67.0 80.0 180.0 116.7 165.3 60.0 1933 66.7
0.4

Week 1 733 733 1533 90.0 163.3 1233 181.7 1433

Week 2 65.0 783 133 136.7 126.7 146.7 1333 176.7

Week 3 70.0 n7 176.0 115.0 209.7 933 277.0 86.7

Week 4 71.0 90.0 158.3 1233 180.0 90.0 250.0 933
P-value

Treatment 0.90 0.05 0.002 0.024

Age 036 0.001 0.00 0.00

Week 0.23 0.03 0.49 0.21

Treatment X age 0.26 0.40 o 037

(Tables 2, 3, and 4). Photomicrographs scanned from tes-
ticular sections in different groups showed an increase in
the number of spermatozoids in the experimental groups
of older rats (Figures1-4).

4.4. Number of Sertoli and Leydig

The treatments had no significant effect on the Sertoli
and Leydig in experimental rats in both age groups (Table
5). The number of Sertoli in young rats ranged from 19 to
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20, which differed from older rats (13 - 14). The consump-
tion of selenium nanoparticles did not have a significant
effect on Leydig cells, and Leydig cells did not affect by age
(P> 0.05).

4.5. Correlation and Regression Equations

There was no linear relationship between spermatogo-
nia and spermatocyte. The points on the coordinate axis
were scattered, with no particular pattern. There was no
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Table 2. The Effect of Nano-selenium on Changes of Spermatogonia, Spermatocytes, Spermatids, And Spermatozoa Count ( X10°)?

Number/Groups Young old RCTA Probability Level
Young old
Spermatogonia 0.437 0.410
Control 123.92 86.50 69.8
Placebo 144.00 98.80 68.61
0.2 152.40 136.75 89.73
0.4 150.30 116.25 77.35
Spermatocytes 0313 0.090
Control 113.90 98.65 86.61
Placebo 142.40 86.50 60.74
0.2 144.00 106.75 7413
0.4 150.30 116.25 7735
Spermatids 0.263 0.001
Control 136.33 40.83° 29.95
Placebo 157.58 34.17" 2168
0.2 164.20 89.10" 54.26
0.4 169.90 m30* 66.69
Spermatozoid 0.544 0.0004
Control 180.42 43.75" 2425
Placebo 196.10 45.83° 2337
0.2 210.10 96.20" 45.79
0.4 21050 125.00% 59.38

Abbreviation: RCTA, the ratio of changes between the two ages.
? Columns with at least one common capital letter (A and B) in superscript do not differ significantly.

Table 3. The Effect of Using Different Levels of Selenium Nanoparticles on the Quantitative Properties of Spermatozoa *

Treatment S (x10°)/mL LS (%) DS (%) LSD (%) DDS (%)
Young old Young old Young old Young old Young old
Control 180.42° 43.75 81.50 57.00 10.50 31.00 6.00 6.50 2.00 5.50
Placebo 19610 ® 45.83 74.25 62.50 20.75 23.00 2.50 10.00 2.50 4.50
0.2 210104 107.94 76.00 82.75 18.00 14.25 4.00 2.50 2.00 0.50
0.4 210.50 125.00 79.00 88.25 10.00 7.00 9.25 3.50 175 1.25

Abbreviations: S, spermatozoa; LS, live spermatozoa; DS, dead spermatozoa; LSD, live spermatozoa damaged; DDS, dead damaged spermatozoa.
? Columns with at least one common capital letter (A and B) in superscript do not differ significantly.

Table 4. Correlation between Different Numbers of Spermatogonia, Spermatocytes, Spermatids, and Spermatozoa ( x10°)

Cells Spermatogonia Spermatocytes Spermatid
Spermatocytes -0.153(0.418)

Spermatid -0.070 (0.713) 0.708(0.000)

Spermatozoid -0.052 (0.783) 0.685(0.000) 0.968(0.000)

? The numbers in parentheses indicated different statistical levels.

6 Nephro-Urol Mon. 2021; 13(2):e113358.
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Table 5. The Effect of Nan-oselenium on Sertoli and Leydig Cell Count

Groups Young old Probability level
Young old
Sertoli 0.44 0.26
Control 19.00 13.00
Placebo 19.00 14.00
0.2 20.00 14.00
0.4 20.00 14.00
Leydig 031 025
Control 17.00 17.00
Placebo 18.00 17.00
0.2 17.00 18.00
0.4 18.00 17.00
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Figure 3. Photomicrograph of testicular tissue in the group receiving 0.2 mg/kg BW
nano-selenium of old rat; magnification 100 X, hematoxylin-eosin staining
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mined linear relationship was valid (Figure 7).

The regression line diagram and R? for spermatocyte
and spermatid were as follow:

Vi = 1.2221X, — 40.935 (1)
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Figure 5. Comparison of the nano-selenium effect on changes in the number of
spermatogonia, spermatocytes, spermatids, and spermatozoid ( x10°) in different
weeks

Figure 6. Changes in the use of nano-selenium on the number spermatogonia, sper-
matocyte, spermatid, and Spermatozoid in old rats

(R?=0.5544; Y, = spermatid and X, = spermatocyte)
In addition, the regression line diagram and R? for
spermatid and spermatozoid were calculated as below:

Yy = 1.3034X2 — 9.0402 (2)

(R? = 0.9455; Y, = spermatozoid and X, = spermatid)

5. Discussion

As described in Tables 1 and 2, there was no difference
concerning the number of spermatogonia in young rats,

Figure 7. Graphs and regression equations between the number of spermatogonia,
spermatocytes, spermatids, and spermatozoid (x10°)

which maybe due to the proper functioning of the testicles
of young rats and possibly the intake of sufficientamounts
of antioxidants through the diet. However, in this exper-
iment, the number of spermatogonia increased with the
consumption of selenium nanoparticles. The effects of dif-
ferent doses of selenium on the number, motility, viabil-
ity,and morphology of rat sperm have been shown and are
consistent with the results of this study (28). According to
the literature, the lack of selenium in the rats’ diets causes
damages to the seminiferous tubules, which in turn trans-
lates into reduced motility and sperm count. On the other
hand, separate studies showed that high levels of selenium
can harm sperm quality (7). In the present study, 0.4 mg/kg
of selenium nanoparticles showed an adverse effect on rats
due to higher adsorption and much less toxicity.

For young rats, the effect of different treatments on
spermatogonia and spermatocytes was not significant.
Spermatocytes arise from immature spermatogonia cells.
Thus, spermatocyte changes are due to spermatogonia. Pri-
mary spermatocytes perform the first stage of meiotic di-
vision and form two secondary spermatocytes. The sec-
ondary spermatocyte then transforms into two spermatid
cells during the second stage of meiotic division. This stage
of spermatogenesis takes place in the testes and in the
transmission pathway in the epididymis (the final stage
of sperm maturation takes place). Therefore, a high cor-
relation between the productions of these two cells can
be expected. But according to the calculated correlation,
no significant relationship was observed, which indicatesa
greater environmental effect or measurement error at this
stage. It worth noting that the complex process of sper-

Nephro-Urol Mon. 2021; 13(2):e113358.
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matogenesis and the passage of germ cells to the stage of
maturation of gametes depend on the protection of patho-
logical and cytotoxic lesions, which are a threat to this phe-
nomenon (22). Selenium concentration in testicular tissue
increases during puberty and with the onset of spermato-
genesis. The researcher has previously reported the sup-
portive role of selenium and its involvement in the struc-
ture of glutathione peroxidase (15). Spermatocytes and
spermatids cannot repel damage due to the specific DNA
compression phase. Repair of DNA damage in these cells is
less than spermatogonia, and therefore they are more ex-
posed to oxidative stress (29). During these stages, the cyto-
plasm decreases, and the cells have less protection against
ROS. Finally, the spermatid membrane is enriched by phos-
pholipids with the unsaturated fatty acids in the DNA den-
sity phase (12). Selenium nanoparticles showed a positive
effect on spermatozoid in old rats. This element raised the
live sperm ratio and decreased the proportion of damaged
and dead spermatozoid. Older rats could respond posi-
tively to selenium nanoparticles due to reduced spermato-
genesis and lack of antioxidants.

The presence of antioxidants is essential for the DNA
densification phase. DNA of spermatozoid is usually pro-
tected and compacted by seminal plasma antioxidants
(30). During the process of spermatogenesis, the sperm
loses a significant volume of its antioxidants along with
cytoplasm, which causes their sensitivity to oxidative
stress. Spermatozoid can be well protected against oxida-
tive stress and the maturation of cytoplasmic droplets in
sperm due to the immersion in seminal fluid, which con-
tains abundant antioxidants. Therefore, consumption of
natural antioxidants, such as selenium, can contribute to
sperm health (10).

Due to their size, selenium nanoparticles can pass the
cell membranes, which results in stimulation of the activ-
ity and expression of antioxidant enzyme genes, as well as
inhibition of the process of spermatogenesis by interrupt-
ing the process of cell apoptosis. One of the selenium func-
tions is to protect the antioxidant system and to repair the
integrated spermatid structure by regulating the expres-
sion of selenoenzyme genes (24). The glutathione peroxi-
dase enzyme is protected by the meiotic and mitotic divi-
sions and preventing the destructive effects of DNA break-
age. It also prevents damage to sperm by protecting the
cell membrane and maintaining its fluidity and stability
(29,31). These particles not only can maintain serum testos-
terone levels but also minimize oxidative damage to Ley-
dig cells by enhancing the antioxidant state. Therefore,
not observing an age-related reduction in Leydig cells in
old rats can be attributed to the sufficient amount of con-
sumed selenium.

Spermatogenesis, which involves complex and precise

Nephro-Urol Mon. 2021; 13(2):e113358.

stages of differentiation in mammals, begins at puberty
and continues throughout reproductive life. The slightest
disorder can cause infertility. FSH and testosterone are es-
sential for the onset and continuation of spermatogene-
sis. Decreased levels of these hormones can lead to abnor-
mal spermatogenesis. Selenium affects reproductive func-
tions such as testosterone metabolism and is a component
of sperm capsule selenoprotein. Selenium administration
significantly increases sperm motility and maturity (32).

Changes in sperm-producing cells in young and old
rats are shown in Figures 1- 4. The breakdown of connec-
tive tissue in spermatogenesis tubes is obvious in Figure
2, compared to Figures 1, 3, and 4. Administration of se-
lenium nanoparticles was associated with increased Sper-
matogenesis compared to the control group. These results
are similar to the data presented in Tables 2 and 3. Accord-
ing to the findings of this study, in older rats that faced
decreased antioxidant capacity in semen plasma, adminis-
tration of an appropriate dose of nano-selenium improved
the process of spermatogenesis and increased the number
of sperm cells.
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