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Abstract

BACKGROUND: Sympathetic stimulation has a significant impact on the physiology and pathology of the male
reproductive system. 33 receptor is suspected to play a role in the regulation of fertility status in men.

AIM: The aim of the study is to investigate the role of the 33 receptor in regulating the fertility parameters (testosterone,
estrogen, progesterone, and histology of testis) in male rats.

MATERIALS AND METHODS: Male albino rats have been given either placebo (controls) or 33 agonist (Mirabegron).
Testosterone, estrogen, and progesterone are measured before and after the treatment for all cases and controls.
Histology of testis is investigated for all the rats as well.

RESULTS: 33 receptor activation caused a significant increase in testosterone plasma concentration and a significant
reduction in estrogen plasma concentration. 33 agonist did not affect the progesterone plasma concentration.
Histological sections showed that 3 activation resulted in degeneration of the spermatocytes and accumulation of
edema between the seminiferous tubules in the testis.

CONCLUSION: 3 receptor has a potentially important role in the fertility status of male rats through regulating sex
hormonal profile and altering the histology of the testis.

NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

The testis is a male sex gonad that acts as an
endocrine gland and is responsible for the production
of spermatozoa [1], [2]. Seminiferous tubules, which
develop from mesonephric cells, are considered
a factory of the sperm in the testis as they have the
migrating primitive germ cells. In addition, two different
important specialized cells are present in the testis,
Sertoli cells, and Leydig cells. Sertoli cells are located
inside the seminiferous tubules and secrete factors
that regulate spermatogenesis and spermiogenesis
such as estrogen [3], [4]. Leydig cells are located in
between seminiferous tubules and are responsible for
testosterone production [5], [6].

The main reproductive hormones estrogen,
testosterone, and progesterone are instrumental in
sexuality and fertility. They are responsible for puberty,
and sex drive and play a key roles in spermatogenesis
and sperm maturation [7], [8]. Testosterone is
necessary for normal sperm development. In addition,
it activates genes in Sertoli cells, which promote the
differentiation of spermatogonia [9], [10]. Although it
is thought that estrogen is a female hormone, small
amounts are produced in the males from the peripheral
conversion of testosterone. The testicles, adipose

cells, and adrenal glands have aromatase enzymes
and can produce estrogen which is important for the
fertility status of males [11]. In men, progesterone
hormone is produced by the testis and adrenal glands,
to act as a precursor to the sex hormones, estrogen,
and testosterone [12], [13].

The sympathetic nervous system is part of
the autonomic nervous system which is responsible
for various physiological processes. The endogenous
catecholamines, epinephrine, and norepinephrine
stimulate different signaling pathways through action
on different adrenergic receptors. There are nine
different receptors of the sympathetic nervous system
which belong to the superfamily of G protein-coupled
receptors (a1a, alb, ald, o2a, o2b, o2c, p1, P2,
and (3) [14], [15]. There is increasing evidence that
testicular innervation and/or peripheral catecholamines
can regulate male reproductive functions. Several
potential targets for catecholamines have been identified
in both Sertoli cells and Leydig cells in the testis of
rats, mice, and pigs [4], [16]. Although noradrenergic
innervation has multiple sites of action in the control of
testicular functions, 1 and 2 subtypes have shown
to be predominantly expressed in Sertoli and Leydig
cells [9], [17]. In addition, recent studies found that
B-adrenergic agonists can stimulate steroidogenesis
and cAMP formation in Leydig cells [18], [19].
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B3 receptoris one of the f-adrenergic subtypes
receptors that (Figure 1) is shown to be predominantly
expressed in adipose tissue as well as other parts in
the body including urinary system, central nervous
system (CNS), and heart [21], [22], [23]. However,
whether it has a significant relationship with fertility
status in males is yet to be determined. The study
aims to investigate the role of the 3 receptor in the
modulation of the sex-hormonal profile and histology
of the testis in males.
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Figure 1: The primary structure of B3-adrenoceptor [20]

Materials and Methods

Ten randomly selected male Albino rats of
reproductive age (between 10 and 12 weeks) have
been used in this study. The rats, which are weighing
approximately 200-300 g, are kept under the standard
laboratory condition including a controlled temperature
of 23 + 3°C and humidity (50 + 10%) with free access to
water and food provided. All the rats were kept strictly
under the protocols of the animal ethics committee
as well as all the experiments were approved by the
institution. Rats were equally subdivided into two groups,
a case group in which P receptors are activated by 8
agonist (mirabegron 5 mg/kg/day, orally) and a control
group which received distilled water as a placebo. The
duration of the study (administration of [ agonist or
placebo) was 3 months with 12 h light and 12 h dark
cycles.

The levels of testosterone, estrogen, and
progesterone were measured using TOSOH AIA 360
automated immunoassay analyzer and following the
manufacturer’s protocols (ST AlA-pack testosterone
0025204, ST AlA-pack iE2 0025224, and ST AlA-pack
PROGII 0025239, respectively).

The laboratory animals were killed for
histological studying. Then, the testes were dissected
and fixed using a 10% buffered formalin solution for 24 h
before treating with different amounts of alcohol and
ultimately with xylene. Tissue samples were mounted
in paraffin to make blocks for microtomy. Tissues were

sectioned to a thickness of 4 um with a microtome and
stained with hematoxylin and eosin (Sigma). Then,
examination and photographing of the slides were
performed using a Model BM-2101 light microscope
(Olympus, Yuyao, China).

Data are expressed as mean * standard error of
the mean where n = the number of different animals. One-
way ANOVA in conjugation with Sidak’s post hoc test was
used to assess the differences between the groups. p <
0.05 was considered statistically significant. Statistical
analysis was performed using GraphPad Prism.

Results

The effect of B3 receptor activation on sex
hormones levels

To understand the role of the B3 receptor
in the regulation of male fertility status, the effect of
activation of the B3 receptor is investigated on the male
sex hormone profile. Mirabegron (3 agonist) could
significantly increase the level of testosterone plasma
concentration compared with controls (Control: 225 +
27.47 vs. 285.4 £ 21.11; Mirabegron: 273.7 + 31.97 vs.
444.6 + 18.67) (Figure 2).

Testosterone plasma conc.

Figure 2: Effect of B3 agonist on testosterone plasma concentration.
Plasma concentration of testosterone before and after the treatment
with (5 mg/kg/day) mirabegron or placebo (controls). Data are
expressed as mean + standard error of the mean of five different rats.
** indicates p < 0.01, one-way ANOVA v control followed by a Tukey’s
post hoc test versus control

In contrast, 3 receptor activation caused
significantly reduction of estrogen plasma concentration
compared with controls (Control: 16.75 + 2.629 vs.
15.16 + 1.544; Mirabegron: 16.92 + 2.479 vs. 5.988 +
1.106) (Figure 3).

However, B3
significant effect on
concentration (Figure 4).

receptor activation has no
the progesterone plasma
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Figure 3: Effect of B3 agonist on estrogen plasma concentration.
Plasma concentration of estrogen before and after the treatment with
(5 mg/kg/day) mirabegron or placebo (controls). Data are expressed
as mean * standard error of the mean of five different rats. **indicates
p < 0.01, one-way ANOVA v control followed by a Tukey’s post hoc
test versus control

The effect of B3 receptor activation on
histology of the testis

Next, a histological examination was performed
to assess the effect of 33 receptor activation on the normal
morphological appearance of the testis (Figure 5A and B).
Histopathological sections of testicular tissue showed
that mirabegron caused accumulation of fluids (edema)
between the seminiferous tubules as well as degeneration
of spermatocytes inside the tubules (Figure 6A and B).
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Figure 4: Effect of 33 agonist on progesterone plasma concentration.
Plasma concentration of progesterone before and after the treatment
with (5 mg/kg/day) mirabegron or placebo (controls). Data are
expressed as mean + standard error of the mean of five different rats

Discussion

B3-adrenergic receptor (B3-AR) is a seven-
transmembrane domain G-protein coupled receptor

Figure 5: Photomicrographs of rat testis of the control group show the
normal architecture of seminiferous tubules with spermatogenesis (a
and c) and interstitial tissue with Leydig cells (b and e) and Sertoli
cells (d). (A: Hand E, x100 and B: H and E, x400)

and its stimulation increases the production of cAMP
[21], [24], [25]. B3-AR is expressed in many tissues
including the reproductive system, urinary system,
CNS, and adipose tissue [26], [27]. A 3-AR agonist
can improve urinary characteristics and the attributed
erectile dysfunction in patients with lower urinary tract
symptoms/benign prostatic obstruction [28]. Although
sex difference generally has a significant impact on
the nervous system [29], [30], [31], there is not too
much information about the relationship between the
plasma level of sexual hormones and the activation of
B-adrenoceptors, especially f3-AR.

7 e

Figure 6: Photomicrographs of rat testis of mirabegron group show
the presence of edema between seminiferous tubules (a and b),
degeneration of spermatocytes (c), Sertoli cells (d), and Leydig
cells (e). (A: Hand E, x100 and B: H and E, x400)

The complex interaction of germ cells, Sertoli
cells, estrogen, and androgen is responsible for the
regulation of the spermatogenesis process within the
seminiferous tubules [32], [33], [34]. A study showed
that spermiogenesis and spermatogenesis, which is
the genomic function of Sertoli cells, are regulated by
adrenergic receptor signaling [35]. The authors have
found that there is a significant decrease in androgen
levels in mice lacking adrenergic receptors. Regarding
o-adrenoceptors, it is known that these receptors
have a significant impact on the control of sexual
behavior [36], [37], [38]. A recent review highlighted the
important link between androgens and the adrenergic
system in both health and disease states [39].

The present study found that activation of
B3-AR by Mirabegron 5 mg/kg/day for 3 months
caused a significant increase in plasma testosterone
concentration as well as a significant reduction in
plasma estrogen concentration. However, there
is no effect of $3-AR stimulation on progesterone
concentration. In addition, histological sections
showed degeneration of the spermatocytes and
accumulation of edema between the seminiferous
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Figure 7: Summary of the endocrine and histological effects of
adrenergic receptor stimulation

tubules in the testis after activation of $3-AR for
3 months (Figure 7). However, these results were
inconsistent with those of Yuno et al., (2014) who found
that administration of $3-AR agonist (Mirabegron) at
doses of 10, 30, and 100 mg/kg/day once daily for only
2 weeks showed no changes in the serum levels of
gonadotropic or sex steroidal hormones (luteinizing
hormone, follicle-stimulating hormone, testosterone,
or dihydrotestosterone). In addition, the authors did not
see histopathological changes in the pituitary gland,
adrenal glands, liver, testes, epididymis, prostate, and
seminal vesicle within the given doses and period [40].
The possible explanation for the differences in the
results between this present study and Yuno et al. study
could be the difference in the duration of administration
of Mirabegron as only 2 weeks were not sufficient to
result in these detectable biochemical and histological
effects in comparison with the 3 months used in this
study. Moreover, a study by Kallner et al., (2016)
has found that treatment of women suffering from an
overactive bladder for 2 months with Mirabegron 50 mg
once daily could reduce estrogen levels and elevate
testosterone levels, but not significantly, in comparison
with patients who did not take the drug [41]. Again, the
duration of treatment possibly could be the key behind
the varied responses to 3-AR stimulation. Of note,
stimulation of f3-adrenoceptors can cause slow onset
enhancing, secreting, and elevating serum levels of
steroid hormone. This effect of [3-adrenoceptors
activation could be through induction of lipolysis and
thermogenesis within the adipose tissue which needs
a long time to affect hormonal levels [20]. Thus, further
studies with same duration of treatment by Mirabegron,
or even longer, are required to investigate and confirm
the mechanism of action of B3-AR stimulation and
its impact on hormonal profile and fertility statues in
different species including human.

Conclusion

The finding of the present study showed that
[3-adrenoceptor stimulation could affect the sexual
hormones and the normal histology of the testis
which supports the suggestion about the possible
role of adrenergic receptors, especially $3 activation,
in controlling the general fertility status of males.
Duration of $3-AR activation plays a key role in this
neuroendocrine effect. As there is a deficiency in the
information about the relationship between activation
of B3-AR and secretion of sex hormones, more studies
are required to clarify the exact molecular mechanism
behind this relationship.
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