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The effect of high intensity interval training and Nano selenium
supplementation on the expression of IL-10 and IL-12 genes in testicular
tissue 1n rat under the use of dexamethasone
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Abstract

Interval training and selenium is an effective way to strengthen the
immune system. The purpose of this research was to investigate the
effect of High
supplementation on the expression of IL-10 and IL-12 genes in the

intensity interval training and Nano selenium

testicular tissue of rat under dexamethasone administration. 40 Wistar
rats aged 10 weeks were randomly divided into 5 groups of 8 (healthy,
dexamethasone induced (patient), High intensity interval training +
patient, Nano selenium supplement + patient, High intensity interval
training + Nano selenium supplement+ patient). the exercise training
program consisted of 5-12 repetitions of 1-minute running on the
rodent treadmill with an intensity of 24-30 m/min, equivalent to 75-
100% of maximal oxygen consumption, with active rest intervals of 75
seconds. These trainings were performed six days a week for four
weeks. The prepared selenium nanoparticle solution, 100 mg in 250
nm size, was given to rat by gavage every other day. One-way
analysis of variance was used to determine the difference in variables
between groups at a significant level (P<0.05). All statistical
calculations were done using SPSS version 25 software. The obtained
results showed that interval training and Nano selenium
supplementation led to a significant decrease in IL-10 (P<0.05). Also,
IL-12 gene expression increased significantly along with interval
training and Nano selenium supplementation (P<0.05). According to
the current research, it seems that High intensity interval training and
Nano selenium supplementation lead to improved immune function
and possibly the ability to develop antioxidant defenses and reduce

cellular oxidative stress.
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Introduction

Selenium is an important trace mineral that has many essential
roles at the cellular and organismal levels in animal and human
health. It is evident from the past studies that selenium is
essentially required for spermatogenesis and male fertility,
possibly due to its critical role in modulating antioxidant defense
mechanisms and other essential biological pathways (Qazi et
al., 2019). Selenium is a component of antioxidant enzymes,
including glutathione peroxidase, which plays a role in
neutralizing free radicals and relieving oxidative stress
(Soleimani Ghaleh et al., 2022). Among the parts of the
reproductive system, the testis has the highest concentration of
selenium, which is even higher than the liver. Decreasing
selenium concentration probably makes the testicular tissue
more vulnerable (Ramirez-Acosta et al., 2022).

The speed of mitosis and different stages of meiosis in the
seminiferous tubules make the germ cells susceptible to the
local inhibition effects of free radicals. Selenium as an
antioxidant is found in large quantities in seafood, liver and
grains (Nakagawa et al., 2017). Dexamethasone is a synthetic
corticosteroid (a glucocorticoid) used to treat a variety of
conditions. It acts as an anti-allergic and immunosuppressive
2021).
inflammatory phase, it is involved in reducing the synthesis of

agent (Noreen et al, During the initial acute
vasoactive elements and is therefore an effective anti-
inflammatory. Dexamethasone and other glucocorticoids are
widely used to treat autoimmune diseases, allergic responses,

and protection against transplant rejection.

Moreover, glucocorticoids bind to specific DNA sequences
which are accessed by translocation through cell receptors
2011).
testicular homeostasis, induces apoptosis in testicular germ

(Coutinho & Chapman, Dexamethasone affects
cells, and causes defects in spermatogenesis such as
histopathological and morphometric changes, changes in
sperm count, and puberty arrest in rat. Administration of
dexamethasone decreases the activity of antioxidant enzymes,
plasma melatonin level and also melatonin receptor expression,
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which subsequently increases lipid peroxidation and changes the
histopathology of the testis, which may result in increased
apoptosis of germ cells. Inhibition of antioxidant capacity and
increase of reactive oxygen species in reproductive cells causes
oxidative damage and therefore plays a key role in the
pathogenesis of male infertility (Orazizadeh et al., 2010).

IL-10 is an immunosuppressive cytokine produced by monocytes,
macrophages, activated B cells, and Th2 cells, and plays a role
in regulating immune responses and tumorigenesis (lyer &
Cheng, 2012; Riyahi Malayeri et al., 2019). Furthermore, IL-10
plays a key role in mediating and suppressing inflammatory
responses, and IL-10 deficiency increases inflammatory
responses. As a product of Th2 polarized CD4+ T cells, IL-10
inhibits CD4+ T cell proliferation and Th1 helper cell cytokine
secretion and induces CD8+ T cell cytotoxicity (Jankovic, Kugler,
& Sher, 2010; Kalhor et al., 2020). In general, IL-10 plays a key
protective role in many autoimmune responses and diseases
2018).
immunoregulatory cytokine that can activate NK cells, generate

(Farazandeh Nia et al, Interleukin-12 is an

lymphokine-activated killer cells, and induce interferon Y

production and T cell proliferation. Interleukin-12 is a
heterodimeric proinflammatory cytokine that promotes the
differentiation of Th 1 cells and provides a link between innate
resistance and adaptive immunity (Liu et al., 2005). Dendritic
cells and phagocytes produce IL-12 in response to pathogens
during infection (Hamza et al., 2010). IL-12 has strong anti-tumor
activity and has therapeutic application in cancer patients.
Furthermore, IL-12 has been shown to inhibit angiogenesis which
is important during interval training. IL12 is basically one of the
heterodimeric pro-inflammatory cytokines generally sent by

dendritic cells and phagocytes and stimulates the production of

interferon-y, which is important for the isolation of Th1 cells and
links between innate opposition and versatile invulnerability
(Tugues et al., 2015).

High-intensity interval training (HIIT) is a modern type of aerobic
training defined as repeated attempts to perform high-intensity
training with interval rest or low-intensity activity as recovery
periods (Malayeri et al., 2014; Riyahi Malayeri et al., 2019).
Recently, HIIT has been reported to have significant protective
effects on various tissues compared to conventional endurance
training (Riyahi Malayeri & Saei, 2019). Also, the findings of
Maleki and Tartibian showed that 24 weeks of HIIT led to a
significant improvement in the indicators of oxidative stress and
inflammation of seminal fluid, parameters of seminal fluid and
sperm DNA integrity in infertile men. In recent decades, it has
been found that reactive oxygen species plays a role in causing
most types of male infertility, and the cause is excessive
production of reactive oxygen species or reduction in the capacity
of the antioxidant system of the reproductive system and sperm.

Besides, a number of studies using markers of oxidative stress
have investigated the effect of interval training on markers of
male reproductive performance in the testes.

Although studies in this field are still scarce, they indicate that
interval training plays an important role in improving markers of
male reproductive performance in healthy and infertile
individuals, particularly by reducing inflammatory markers and
oxidative stress (Hajizadeh Maleki & Tartibian, 2020). In fact,
homeostasis in the cell and especially at the level of the
organism, the balance between the formation of reactive oxygen
species and reactive nitrogen species and antioxidant reactions
is crucial to maintain the appropriate level of reactive oxygen
species and minimize their specific reactions with biological
molecules (Pizzino et al., 2017). Considering the effects of
interval training and selenium on immune function and oxidative
stress, the aim of this study was to investigate the effect of High
intensity interval training and Nano selenium supplementation on
the expression of IL-10 and IL-12 genes in the testicular tissue of

mice under dexamethasone administration.
Materials and Methods

Animals

The present study adopted a quasi-experimental design with a
post-test conducted on five groups. In this study, 40 Wistar rats
aged 10 weeks were randomly divided into 5 groups of 8: healthy,
dexamethasone induced (patient), High intensity interval training
+ patient, Nano selenium supplement + patient, High intensity
interval training + Nano selenium supplement+ patient. The rats
were kept in the animal laboratory of the Physiology Department
under controlled conditions of light (12 hours of light and 12 hours
of darkness, lighting starts at 6 in the morning and off at 6 in the
evening), temperature (22 + 3 C), and humidity (about 45%).
Three to five rats were kept in Plexiglas cages with a mesh door
and measuring 25 x 27 x 43 cm in such a way that they had free
access to water and standard food.

After three days of familiarization with the environment, the
animals were familiarized with the treadmill and how to run on it
for 10 minutes daily and five times a week for one week. After 48
hours of rest from the last familiarization session, mice were
taken to measure the maximum speed of the inhibitory test. For
the test to determine the maximum speed, the rats were fasted
for four hours before the test, and the test was performed
between 9 and 11 in the morning. The animals performed the
warm-up program at a speed of 5 meters per minute for 5 minutes
and then started the test at a speed of 9 meters per minute. In
the continuation of the test, the speed of the conveyor belt
increased by 2 meters per minute every 2 minutes until the animal
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Table 1. Exercise training protocol

Repetitions x Training Duration (Training Intensity) Light Activity Duration x (Light Activity Intensity)

The First week

5x1min(24m/min) x75sec (5m/min)

The Second week

8x1min(24m/min) x75sec (5m/min)

The third week

10x1min(28m/min) x75sec (5m/min)

The Forth week

10x1min(30m/min) x75sec (5m/min)

reached a stop. The criterion of animal retardation was the
inability to return to running on the treadmill within 10 seconds
(Mohammadi et al., 2022).

How dexamethasone weakens the immune system

To weaken the immune system of rat, the amount of 0.4 mg/kg/d,
dexamethasone (manufactured by Osveh Company, Iran) was
injected intraperitoneal for three days (Dehghani et al., 2021).

Consumption of selenium nanoparticles

To prepare selenium nanoparticles, in brief, 2.5 mM selenium
dioxide solution was prepared and added to 2.5 mM ascorbic acid
solution while mixing. The obtained mixture was centrifuged and
washed using filter paper. The prepared selenium nanoparticle
solution, 100 mg in 250 nm size, was injected into rat by gavage
every other day (Moayeri et al., 2018).

Exercise training protocol

Interval training including running on the rodent treadmill at a
speed of 24 to 30 meters per minute, equivalent to 75 to 100% of
the maximum oxygen consumption, was performed six days a
week for four weeks (Arabzadeh et al., 2022; Hedayati et al.,
2018; Mirsepasi et al., 2019) which is shown in Table 1 of the
training protocol.

Histology and Biochemical Analysis of Variables

At the end of the training and supplement interventions, the rats
were taken to the laboratory and sacrificed, and the IL-10 and IL-
12 genes tissue samples were first designed for primer design,
and then total RNA was extracted from the tissues and converted
into cDNA. Then, the cDNA was amplified by PCR and analyzed
for the expression of the mentioned genes. This technique had 4
basic steps: 1) Total RNA was extracted from the cells collected
in each group; 2) It was converted into cDNA using reverse
transcription enzyme; 3) The resulting cDNA was treated with
DNase | enzyme to remove genomic DNA; and 4) It was amplified
by Real time PCR method. For molecular investigations at the
level of gene expression, first, RNA extraction from tissues in all
was

investigated groups performed according to the

manufacturer's protocol (Qiagen, Germany). Then, comparative
AACT method was used to quantify IL-10 and IL-12 mRNA

expression.

Statistical analysis

After collecting the required information, it was analyzed by SPSS
25 statistical software at a significance level of p>0.05. One-way
analysis of variance test was used to compare the means and
Bonferroni's post hoc test was used in the five groups.

Results

In order to investigate the effect of interval training and Nano

selenium consumption on IL-10 gene expression in
dexamethasone-induced rats, a one-way analysis of variance
was performed. The results obtained from the one-way analysis
of variance test with a significance level less than 0.05 showed
that there is a significant difference between the IL-10 gene
variable in the five research groups (P=0.000). As a result, it can
be stated that HIIT training and Nano selenium supplementation
have a significant effect on IL-10 gene expression in rat testicular

tissue cells (Figure 1).

The results of the Bonferroni post hoc test showed that IL-10
levels increased significantly in the dexamethasone, Nano
selenium supplement and interval training groups compared to
the healthy group. Also, the values of IL-10 gene expression in
the testicular tissue in the groups of interval training and the
combination of selenium supplement and interval training were

significantly lower than in the dexamethasone group.

IL-10
(¥

-

Nanoselenium+ - Training+nanos
Dexamethason Training+dexa )
Healthy dexamathason elenium+dexa
methasone
@ methasone

Figure 1. IL-10 gene expression levels in five research group. Data
were shows as means + SD.
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Table 2. Sequence of primers

Genes Name Primer Sequences

1 Interleukin 10 (IL-10) Forward: CTGCTCTTACTGGCTGGAGT

Reverse: TGGGAAGTGGGTGCAGTTAT

2 Interleukin 12 (IL-12) Forward: TGTTGTAGAGGTGGACTGGC

Reverse: ACAGTGATGGTCAGGGTCTT

3 GAPDH Forward: CAAGTTCAAGGGCACAGTCA

Reverse: CCCCATTTGATGTTAGCGGG

The results obtained from the one-way analysis of variance with
a significance level of less than 0.05 showed that there is a
significant difference between the IL-12 gene expression in the
five research groups (P=0.000). It was revealed that interval
training and Nano selenium supplementation have a significant
effect on IL-12 gene expression in rat testicular tissue cells, and
this effect was different in different groups (Figure 2).

The results of the Bonferroni post hoc test showed that IL-12
levels in the dexamethasone, Nano selenium supplement, and
interval training groups had a significant decrease compared to
the healthy group, but this decrease was not significant in the
combined Nano selenium supplement and interval training group.
Also, the values of IL-12 gene expression of testicular tissue in
the groups of interval training and the combination of selenium
supplement and interval training were significantly higher than the
dexamethasone group. The results show a significant increase in
IL-12 gene values in the group of Nano selenium supplement and
interval training compared to the interval training group.
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Figure 2. IL-12 gene expression levels in five research group. Data
were shows as means + SD.

Discussion

The finding of the present research showed the increase in IL-10
gene expression after dexamethasone injection, which was
significantly higher in the dexamethasone, dexamethasone +
Nano selenium and dexamethasone + interval training groups

than the healthy control group. Also, the expression values of this
anti-inflammatory gene in dexamethasone + interval training and
dexamethasone + interval training + Nano selenium groups
significantly reduced compared to the dexamethasone group. In
agreement with the current research, Nasan et al. (2021)
investigated the effect of onion extract on the testicles of rats
under the drug dexamethasone. The levels of IL-10 and IL-12,
which decreased in the dexamethasone group, were normalized
by the consumption of onion extract. Dexamethasone decreased
GSH, total antioxidant activity and testosterone levels, while treat
with onion extract normalized these levels. MDA increased in the
dexamethasone group but appeared normal in the experimental
group. Dexamethasone was shown to decrease IL-10 and IL-2

gene expression. Conversely, IL-1 B and caspase-3 gene
expression was regulated by dexamethasone and normalized in
the group receiving the treatment (Nassan et al., 2021).

Histopathological analysis showed that dexamethasone causes
atrophy of spermatogenic tubules and degeneration into
spermatocytes while immune-histochemical analysis showed
overexpression of caspase-9 and inhibition of Bcl-2 expression in
dexamethasone group. It seems that the consumption of onion
extract, due to the presence of quercetin, increases the
antioxidant capacity and reduces inflammation in the testicles,
and this has been shown by reducing the number of inflammatory
interleukins (Nassan et al., 2021). In fact, with the injection of
glucocorticoids, their side effects increase, one of which is the
creation of oxidative stress conditions in cells (Ramamoorthy &
Cidlowski, 2016). The main reason for using dexamethasone is
to suppress the body's immune system to reduce inflammatory
responses, and this will not improve the physiological conditions
of the body to reduce chronic inflammation. On the other hand,
dexamethasone injection disrupts the antioxidant balance of
testicular cells, which leads to side effects such as a decrease in
testosterone production, a decrease in the number and quality of
sperms, and in some cases, this loss of antioxidant balance
causes the destruction of sperms. Therefore, the increased
expression of the interleukin-10 gene seems to be a response to
the pathological conditions created by dexamethasone to control
systemic inflammation (Dutta et al., 2021).

Contrary to our research, Mohammadpour and Mohammadeini
(2021), using prednisolone injection and selenium consumption
in rat, did not observe proper function in sperms and the weight
of the testicles reduced, which can be attributed to the anti-
inflammatory drug different from the present study. In the
examination of the average number of sperms in the groups
treated with prednisolone and sodium selenite, it was shown that
prednisolone in concentrations of 1.5 and 2.5 mg/kg can reduce
the number of sperm production, which is significantly different
compared to the control group and other groups. Finally,
selenium is one of the most essential elements in testicular tissue
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and is basically required for spermatogenesis and male fertility. It
can also act as a protective barrier in preventing the harmful
effects of corticosteroids. Also, the duration of drug use in their
study was 2 times as much as that of our study, which can
increase inflammation more. It can be stated that the duration of
treatment with anti-inflammatory drugs and the type of drug used
are the most important factors in the spread of oxidative stress
(Mohammadpour & Mohammadeini, 2021), which were high in
the research of these researchers. However, in the present study,
the duration of dexamethasone consumption was not high, and
on the other hand, in addition to supplementing interval training
activity, it also has its antioxidant effects. The increase in IL-10
gene expression in the groups with dexamethasone compared to
the control group indicates that despite the anti-inflammatory
nature of dexamethasone, the cellular conditions and oxidative
stress in the testicles increase and the response of immune cells
increases IL-10 secretion. The important point is that
interventions such as antioxidant substances such as selenium
and regular interval training activity have been able to reduce
some of this pathological cell stress in the testicles so that we
have a lower response from IL-10.

Conclusion

The findings showed that interval training alone or with selenium
supplementation has been able to prevent a significant increase
in IL-10 compared to dexamethasone, but selenium
supplementation alone has reduced IL-10 gene expression
levels. These findings indicate that the body's inherent
antioxidant defenses with physiological interventions such as
high intensity interval training are much stronger and greater than
the antioxidant properties of substances such as selenium.
Nevertheless, the combination of interval training with the use of
supplements basically had a greater antioxidant response than
each of these interventions alone, although this effect was not
significant compared to the interval training group and the
supplement group alone. In agreement with the present study,
Davodi et al. (2021) caused testicular inflammation in rat by
taking the drug doxorubicin. Then, they started to intervene by
prescribing intense interval training and consuming crocin. Their
results showed that training and crocin supplementation
simultaneously have a greater effect on increasing the
antioxidant capacity of testicular cells. The results of the study
showed that doxorubicin caused oxidative stress in the testicular
tissue by decreasing the level of GPX and TAC and increasing
the level of PC. The increase in the antioxidant level in the crocin
and training group appears to be dose-dependent. The
simultaneous use of supplements and interval training can better
manage pathological conditions with a higher development of
antioxidant capacity and have better effects on the number and
quality of sperm as well as their performance in the long run
(Davoodi et al., 2021).

Generally, intense interval training activity in healthy people and
in sick people can reduce inflammatory responses by improving
antioxidant conditions and increasing the body's total antioxidant
capacity, which reduces the need for IL-10 secretion in cells
(Steen et al., 2020). On the other hand, in sick people or people
with inflamed and obese bodies, due to increased oxidative
stress, systemic inflammation increases, which faces IL-10
responses. Therefore, in pathological and inflammatory
conditions, the expression of IL-10 gene develops, and high
intensity interval training and Nano selenium supplementation
can significantly improve conditions compared to the initial

inflammatory state.

Interleukin 10 is a strong anti-inflammatory and one of its action
pathways is the suppression of interleukin 12. That is, if the
inflammatory condition of the cell is established and the
antioxidant capacity of the cell decreases or the oxidative stress
increases (Taherkhani et al., 2020), interleukin 10 will increase
and will perform its action by suppressing and reducing
interleukin 12. So it is natural that when IL-10 increases, IL-12

decreases and vice versa!

Despite its anti-inflammatory and immunosuppressive effects,
the use of dexamethasone increases the oxidative stress of the
testicles and creates a pathological condition and an antioxidant
imbalance in the testicular cells. The body's immune cells give a
faster and stronger inflammatory response to these conditions,
which leads to an increase in IL-10 gene expression in testicular
cells. With the presence of IL-10, the expression of interleukin 12
gene decreases because IL-10 is an anti-inflammatory factor
(Prihatno et al., 2020). In the current research, in the intervention
groups that received dexamethasone injection, IL-12 levels
decreased due to the increase of IL-10, and this shows that the
condition is still inflammatory compared to the health condition
after dexamethasone injection. Now, once the conditions are
removed from the pathological state, the IL-12 levels also return
to their healthy levels, in a way that in the intervention group of
interval training and intake Nano selenium supplements at the
same time, the antioxidant capacity has improved and the IL-12
levels are close to the normal conditions. This means a significant
effect of high intensity interval training and Nano selenium
supplementation on the oxidative stress in the testicles of rats.

IL-12 gene expression levels in the Nano selenium supplement
and interval training group were significantly higher than the
interval training alone group, supplement alone group, and
dexamethasone group. Also, in the interval training group alone,
the expression values of this gene were significantly higher than
the Nano selenium supplement group and the dexamethasone
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group, but no significant difference was seen between the
supplement group alone and the dexamethasone group, which
indicates a very important issue. It seems that the use of Nano
selenium supplement alone does not have the ability to improve
the pathological conditions caused by the use of dexamethasone,
but intense interval training alone can significantly improve
oxidative stress or develop the antioxidant defense of testicular
cells. More studies are needed to confirm this hypothesis
because oxidative stress and antioxidant defense were not
measured in this study.

In general, the obtained results showed that dexamethasone
injection, despite the anti-inflammatory effects and therapeutic
cases, develops systemic inflammation in testicular cells, which
increases the anti-inflammatory response of IL-10. In response to
these conditions, interleukin 10 responds to existing conditions
by suppressing interleukin 12. The more intense the environment
is in terms of oxidative stress, the more is the amount of
interleukin 10 and subsequently, the less is interleukin 12.
However, periodic training interventions such as intense periodic
training with the development of the internal and intrinsic
antioxidant system of the body, which is very strong, has the
ability to develop antioxidant defense and reduce cellular
oxidative stress. These effects will be greater with antioxidant
substances such as selenium. Also, inflammation is controlled by
improving pathological conditions, but it seems that selenium
supplementation alone does not have the ability to significantly
improve inflammatory conditions in testicular cells, and for a more
detailed investigation of this mechanism, more studies are
needed by measuring antioxidant defense and Oxidative stress
of testicular cells exposed to dexamethasone.

What is already known on this subject?

The use of dexamethasone increases the oxidative stress of the
testicles and creates a pathological condition and an antioxidant
imbalance in the testicular cells. The body's immune cells give a
faster and stronger inflammatory response to these conditions
causing an increase in IL-10 gene expression in testicular cells.
With the presence of IL-10, the expression of interleukin 12 gene
decreases because IL-10 is an anti-inflammatory factor.

What this study adds?

High intensity interval training and Nano selenium
supplementation lead to improved immune function and possibly
the ability to develop antioxidant defenses and reduce cellular

oxidative stress.
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