
S

O
i

F
a

b

a

A
R
R
A

K
O
M
I
P

a
p
l
r
o
t
e
m
i
i
s
r
a
R

r
g
2
e
2
c
S

0
h

Acta Histochemica 116 (2014) 286–288

Contents lists available at ScienceDirect

Acta  Histochemica

jo ur nal homepage: www.elsev ier .de /ac th is

hort  communication

rexin  1  receptor  in  the  seminiferous  tubules  of  boar  testis:  An
mmunohistochemical  study

inizia  Russoa, Lucianna  Marucciob,∗,  Antonio  Calamob, Paolo  de  Girolamob,  Ettore  Varricchioa

Department of Biological, Geological and Environmental Sciences, University of Sannio, Via Port’Arsa 11, 82100 Benevento, Italy
Department of Veterinary Medicine and Animal Productions, University of “Federico II”, Via Veterinaria 1, 80137 Napoli, Italy

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 9 January 2013
eceived in revised form 23 April 2013
ccepted 25 April 2013

eywords:

a  b  s  t  r  a  c  t

Orexin  receptor  1 (OX1R) and  orexin  receptor  2  (OX2R) are  two G-protein-coupled  receptors  that  bind
their  ligands,  orexin  A (OXA)  and  B  (OXB),  with  different  affinities.  The  male  genital  system  represents
an  important  target  for OXA,  which  appears  to play  a role  in the  control  of  steroidogenesis  and  germ  cell
development  in the  testis.  It is  known  that  among  domestic  breeding  animals,  in the boar  the  number
of  Leydig  cells  is  very  high  and  OXA  appears  to  have  stimulatory  activity  on  testosterone  production.  In
rexin receptor 1
ale genital tract

mmunohistochemistry
ig

this study,  we  aimed  to evaluate  the  presence  of  OX1R in the  boar  testis  in  order  to  extend  our knowl-
edge  concerning  the  distribution  and a potential  functional  role of  the  orexinergic  system  in the male
reproductive  tract  of farm  animals.  The  presence  of OX1R immunopositive  cells  in  seminiferous  tubules
of the  boar  testis  enables  us  to  hypothesize  a  possible  role  of  OXA on male  germ  cells  cycle  in pig.  Further
investigations,  involving  functional  and  ultrastructural  analysis,  may  contribute  to our  understanding  of
the  role  of  orexins  in  the  boar genital  system.
Orexin A (OXA) and orexin B (OXB) were initially identified
s hypothalamic neuropeptides derived from the same precursor
repro-orexin (de Lecea et al., 1998; Sakurai et al., 1998). The bio-

ogical actions of these peptides are mediated through two closely
elated G-protein-coupled receptors: orexin receptor 1 (OX1R) and
rexin receptor 2 (OX2R). However, while OX1R is highly selec-
ive for OXA, OX2R binds both orexins with similar affinity (Sakurai
t al., 1998). Orexigenic fibers are widely distributed and project to
ultiple brain regions (Peyron et al., 2000), thus suggesting the

nvolvement of orexins in the central control of various biolog-
cal functions such as the sleep–wake cycle (Piper et al., 2000),
exual behavior and arousal (Gulia et al., 2002) and several neu-
oendocrine axes, including corticotrope, lactotrope, somatotrope,
nd gonadotrope systems (Kuru et al., 2000; Kohsaka et al., 2001;
ussell et al., 2001; Overeem et al., 2003).

Several studies have demonstrated that both orexins and their
eceptors are also expressed in peripheral organs belonging to the
astrointestinal tract (Kirchgessner and Liu, 1999; Ehström et al.,
005; Dall’Aglio et al., 2009, 2012) and the urogenital tract (Karteris
t al., 2004; Barreiro et al., 2005; Takahashi et al., 2005; Russo et al.,

008). In particular, the expression of OXA, prepro-orexin and the
ognate receptors (OX1R and/or OX2R) in the human, rat, sheep,
outh American camelid Alpaca and fowl male gonads has been
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reported (Johren et al., 2001; Ohkubo et al., 2003; Karteris et al.,
2004; Barreiro et al., 2005; Zhang et al., 2005; Liguori et al., 2013).
OXA also appears to be involved in the control of steroidogene-
sis and germ cell development in the interstitial compartments of
the testis (Barreiro et al., 2004, 2005; Nurmio et al., 2010). Among
breeding domestic animals, it is known that in boar the number of
Leydig cells is very high. In this study, we aimed to evaluate the
presence of OX1R in the boar testis in order to extend our knowl-
edge concerning the distribution and a potential functional role of
the orexinergic system in the male reproductive system of farm
animals.

Samples of testis were collected from five healthy breeding
boars, immediately after their castration in local farms (Campania
region, Italy). 1 cm3 cubes of tissue were fixed in Bouin’s fluid for
24 h, dehydrated through ascending ethanol series and embedded
in Paraplast Plus (Leica Biosystems, Richmond, IL, USA). 7 �m-thick
sections were cut by microtome, collected on slides, and stained by
the avidin–biotin immunohistochemical technique. In the specific
step, a polyclonal antibody raised against OX1R (sc-8073, Santa
Cruz Biotechnology, Santa Cruz, CA, USA) was  used, diluted 1:200
and applied on sections overnight at 4 ◦C. The other components
of the immunological reaction were contained in the Vectastain
Elite ABC Kit (PK-6105, Vector Laboratories, Burlingame, CA,

USA). The final staining was  performed using a solution of 3,3′

diaminobenzidine tetrahydrocloride (Sigma–Aldrich, St. Louis, MO,
USA) of 10 mg  in 15 mL  0.5 M Tris buffer, pH 7.6, containing 0.03%
hydrogen peroxide. An antigen unmasking procedure preceded

dx.doi.org/10.1016/j.acthis.2013.04.012
http://www.sciencedirect.com/science/journal/00651281
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Fig. 1. Digital reconstruction of 13 micrographs in sequence of one boar seminifer-
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us tubule. OX1R immunopositive oval spermatids (arrows). The immunoreactive
ranules were localized in the peripheral of acrosomal bodies and were punctiform
n  shape. Bar = 10 �m.

he immunohistochemical reaction and was carried out by dipping
he sections in 0.01 M sodium citrate buffer, pH 6.0, and heating
hem in a microwave oven for 10 min  at 750 W.  Negative controls
ere obtained by substituting the primary antisera with PBS or
ormal serum in the specific step, or alternatively, by absorbing
ach primary antiserum with an excess of the relative peptide
100 mg  of peptide/ml of diluted antiserum). The immunostained
ection were photographed using a Leica DMRA2 microscope (Leica
icrosystems, Wetzlar, Germany) equipped with a DC300F digital

amera.
OX1R immunopositive cells were detected in the seminifer-

us tubules of the boar testis. In particular, numerous acrosomal
odies of round, oval (Fig. 1, arrows) and elongated (Fig. 2A,
rrows) spermatids were immunostained. In round spermatids
X1R immunopositive granules were semilunar in shape and

ocated perinuclearly, while in oval and elongated ones, they appear
unctiform in shape and located peripherally. In each positive sem-

niferous tubule, OX1R immunoreactive spermatids were observed
t the same stage of the developmental cycle (Figs. 1 and 2A). No
mmunopositivity was found in interstitial compartments (Fig. 2A,
sterisk). In negative control sections no OX1R immunoreactivity
as detected (Fig. 2B).

In agreement with previous reports (Barreiro et al., 2004; Assisi
t al., 2012), immunohistochemical staining of boar testis revealed
X1R-containing cells in the tubular compartment of the gonad.

n the rat testis, OX1R mRNA levels varied significantly depending
n the developmental stage, with peak values in the testes from
eonatal and pubertal to early adult (Barreiro et al., 2004). Also, in

ine with the notion of the predominantly tubular location of the
ranscript, Leydig cells elimination by cytotoxic treatment in vivo
id not have any significant effect on the OX1R mRNA levels for the
rst 15 days after cytotoxic administration, which suggests that
eydig cells are not the major source of OX1R expression (Barreiro
t al., 2004). In the rat testis no expression of OX2R mRNA has been
etected (Barreiro et al., 2004); whereas human and sheep testes
ave been demonstrated to express OX1R and OX2R (Karteris et al.,
004; Zhang et al., 2005). Similarly, expression of orexin receptors
as also been reported in the chicken testis (Ohkubo et al., 2003).
n humans, testicular immunostaining of OX1R has been detected
n Leydig cells, peritubular myoid cells and in Sertoli cells (Karteris
t al., 2004). The available data strongly suggest that male gonad is

 potential site for expression and/or biological actions of orexins.
Fig. 2. (A) Numerous OX1R immunopositive elongated spermatids (arrows); nega-
tive interstitial compartment (asterisk). (B) Negative control. Bars = 30 �m.

In particular, it has been demonstrated that OXA  in rat testicular
explants suppress the expression levels of several key Sertoli cells
genes, such as those encoding Müllerian-inhibiting substance
(MIS), inhibitor of testosterone secretion and controller of adult-
type Leydig cells proliferation, and stem cell factor (SCF), the major
paracrine stimulator of germ cells development (Barreiro et al.,
2005). In line with this, OXA was  capable of significantly inhibiting
DNA synthesis at specific stages of the seminiferous epithelial
cycle (Barreiro et al., 2005) and stimulating, in a dose-dependent
manner, testosterone secretion by rat testicular tissue in vivo and
in vitro (Barreiro et al., 2004).

Considering the presence of OX1R in the tubular compartment of
boar testis, we could also hypothesize a possible function of OXA on
male germ cells cycle in pig. Moreover, we  could suggest a poten-
tial action of OXA on the pig gonadotrope axis, similarly to that
known for the corticotrope axis. Other studies have reported that
OXA modulates adrenal steroidogenesis in the pig (Nanmoku et al.,
2002). Further investigations, involving functional and ultrastruc-
tural analysis, may  help us determine the role of the orexins system
in the boar genital tract.
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