
Summary. The presence of the µ-opioid receptor and the
type of glycosylation in the third extra-cellular loop of
this receptor was investigated in the isthmus of mare
oviduct during oestrus by means of immunoblotting and
immunohistochemistry combined with enzymatic (N-
glycosidase F and O-glycosidase) and chemical (ß-
elimination) treatments. Immunoblotting analysis
showed that the µ-opioid receptor consists of two
peptides with molecular weights of around 65 and 50
kDa. After N-deglycosylation with N-glycosidase F an
additional immunoreactive peptide was observed at
around 30 KDa. The cleavage of O-glycans by O-
glycosidase failed in immunoblotting as well as in
immunohistochemistry investigations, revealing that the
third extra-cellular loop of the µ-opioid receptor
expressed in mare isthmus oviduct contains some
modifications of the Galß(1-3)GalNAc core binding to
serine or threonine. Immunohistochemistry revealed the
µ-opioid receptor in the mucosal epithelium, some
stromal cells, muscle cells and blood vessels. In ciliated
cells the µ-opioid receptor showed N-linked glycans,
since the immunoreactivity was abolished after N-
glycosidase F treatment, whereas it was preserved in the
apical region after ß-elimination. Most non-ciliated cells
expressed the µ-opioid receptor with both N- and O-
linked oligosaccharides, as revealed by the abolition of
immunostaining after N-glycosidase F and ß-
elimination. Stromal cells, endothelial and muscle cells
of blood vessels expressed the µ-opioid receptor
containing both N- and O-linked oligosaccharides.
Myosalpinx myocytes expressed the µ-opioid receptor
with O-linked oligosaccharides. The immunopositive
myocytes formed a circular coat in the intrinsic
musculature, whereas they were arranged in some
isolated, oblique bundles in the extrinsic musculature. In
conclusion, the µ-opioid receptor could have a role in

the production and the movement of isthmus lumen
content that contributes to ensuring the effective
condition of the sperm in the mare oviduct.
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Introduction

The isthmus of the mammalian oviduct is considered
to be a spermatozoal reservoir for several species, such
as cattle (Suarez et al., 1990; Hunter et al., 1991),
hamster (Smith and Yanagimachi 1991), mouse (Suarez,
1987), pig (Hunter 1981; Suarez et al., 1991), rabbit
(Overstreet and Cooper, 1978), sheep (Hunter and
Nichol, 1983), and horse (Thomas et al., 1994;
Dobrinski et al., 1996). This oviduct region accounts for
a unique biochemical milieu able to i) prevent
polyspermic fertilization, ii) maintain the fertility of
sperm, and iii) regulate capacitation and motility hyper-
activation in order to ensure the sperm are in effective
condition when ovulation occurs (Suarez, 2002). Thus,
the role of the isthmus appears to be of the utmost
importance in the horse where fertilization may occur up
to 6 days after mating (Day, 1942; Burkhardt, 1949). 

The epithelium of the isthmus is of simple columnar
type and consists of two types of cells: ciliated and non-
ciliated (secretory) cells. Both kinds of cell have been
found to be involved in sperm trapping in cattle (Hunter
et al., 1991; Gualtieri and Talevi, 2000) and pig (Flechon
and Hunter, 1981; Suarez et al., 1991). However, non-
ciliated cells are mainly involved in the synthesis and
release of secretory glycoproteins that are dissolved in
the oviductal fluid, together with a selective transudate
of serum (Leese, 1988).

Investigations on processes occurring at the oviduct
epithelium level have provided evidence of the
implication of the luminal surface (Abe, 1996; Buhi,
2002) but the exact nature of the primary receptors and
channels activated has not been determined in the
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isthmus.
Recent studies have demonstrated that endogenous

opioid peptides can influence Ca2+ turnover, and, by
acting on voltage-gated Ca2+ channels, create Ca2+
oscillations within the cell and thus modify downstream
Ca2+-dependent cellular activity (Bourinet et al., 1996).
Opioid receptors are target molecules for analgesia,
reward and many of the physiological functions of
opiates. Opioid peptides act through three main subtypes
of opioid receptors, termed µ (Chen et al., 1993a; Wang
et al., 1993), γ (Evans et al., 1992; Kieffer et al., 1992)
and κ (Chen et al., 1993b; Meng et al., 1993; Yasuda et
al., 1993). These subtypes are defined on the basis of
their pharmacological and ligand binding properties. In
particular, the µ-opioid receptor is the primary site of
action of several endogenous opioid peptides, including
ß-endorphin (Zadina et al., 1997) and of most of the
therapeutic effects and side effects of µ-opioid
receptorphine. This receptor has been reported to
modulate somatic Ca2+ channel currents in mouse peri-
aqueductal gray neurons (Connor et al., 1999). 

The presence of Ca2+ in oviduct epithelial cells has
been demonstrated (Cox and Leese, 1997). Ca2+ plays an
important role in oviduct functions, since it permits
binding of oviductal secretory proteins to spermatozoa
(Lapointe and Sirard, 1996) and it is involved in
maintaining ciliary beat (Barrera et al., 2004; Andrade et
al., 2005). 

Although the µ-opioid receptor has been immuno-
localized mainly in the nervous system, the expression
of this opioid receptor has been shown by means of
immunohistochemical studies in other tissues, such as
the pancreas and liver (Khawaja et al., 1990),
gastrointestinal tract (Lang et al., 1996; Bagnol et al.,
1997; Fickel et al., 1997), follicular cells and pre-
implantation mouse embryos (Kalyuzhny et al., 1997),
keratinocytes (Biardi et al., 1998; Bigliardi-Qi et al.,
1999, 2004), kidney (Di Sole et al., 2001), cumulus-
oocyte complex (Dell’Aquila et al., 2002), inner ear
(Popper et al., 2004), pituitary (Carretero et al., 2004),
pineal gland (Phansuwan-Pujito et al., 2006) and sperm
cells (Albrizio et al., 2006). As regards the horse, the µ-
opioid receptor has been immuno-localized in synovial
membranes (Sheehy et al., 2001) and ejaculated
spermatozoa (Albrizio et al., 2005). 

The µ-opioid receptor is a glycosylated protein
(Gioannini et al., 1982; Chen et al., 1995; Singh et al.,
1997; Chaturvedi et al., 2001). The oligosaccharide
chains of glycoproteins are classified into two families:
N- and O-linked oligosaccharides (Spicer and Schulte,
1992). The µ-opioid receptor has been demonstrated to
be an N-glycosylated protein in Chinese hamster ovary
(Chen et al., 1995) and human embryonic kidney
(HEK)-293 (Chaturvedi et al., 2000), whereas in equine
spermatozoa the possibility of O-glycosylation cannot be
discarded (Albrizio et al., 2005). These findings are not
surprising since the glycosylation of a glycoprotein can
differ between cell types and species (Spiro, 2002). 

The aim of the present study was to describe the

localization of the µ-opioid receptor in the mare
oviductal isthmus and to characterize the type of
glycosylation of its third extra-cellular loop of the µ-
opioid receptor in the mare isthmus, as well as on the
glycosylation pattern of its third extra-cellular loop. This
region appears to be a key element for the binding of µ-
opioid receptor ligands (Guarna et al., 2003) by means
of immunoblotting and immunohistochemistry combined
with enzymatic and chemical treatments.
Materials and methods

Oviducts from five oestrus mares (with a follicle
>35 mm) were obtained from a local slaughterhouse.
Immediately after collection, on the basis of gross
appearance, the isthmus was separated from the ampulla
and processed for Western blot analysis and
immunohistochemistry. 
Western blot analysis

Crude plasma membranes from equine isthmus were
prepared by a modification of the procedure reported by
Albrizio and coworkers (Albrizio et al., 2005). Briefly,
10 mg of equine isthmus was frozen in liquid nitrogen,
then fine pulverized in a mortar and suspended in ice-
cold homogenizing buffer (0.25M sucrose, 10mM Tris-
HCl, pH 7.5) containing a cocktail of protease inhibitors
(Sigma, Milano, Italy). The suspension was
homogenized in a motor-driven homogenizer and
centrifuged at 10000xg for 30 min at 4°C. The resulting
supernatant was recovered and the protein concentration
was spectrophotometrically assessed using the BCA
assay (Pierce, Rockford, IL, USA).

Western blot analysis was performed using a
polyclonal anti-µ-opioid receptor antibody (Chemicon,
Temecula, CA, USA) against the third extra-cellular
loop of the receptor that selectively binds µ-agonists
(Xue et al., 1995). Thirty micrograms of isolated
proteins were denatured for 4 min at 90°C, loaded and
run on a 12% (w/v) pre-cast polyacrylamide gel
(BioRad, Milano, Italy). Separated proteins were
transferred by means of a Trans-Blot semidry apparatus
(BioRad, Milano, Italy) onto an Immobilon-P membrane
(Millipore, Bedford, MA, USA). After transfer, the
membrane was blocked with Blotto (20mM Tris-HCl pH
7.5, 0.15M NaCl, 1% (v/v) Triton X-100) containing 5%
(w/v) non-fat dry milk (blocking buffer) for 1h and then
incubated with the rabbit polyclonal anti-µ-opioid
receptor antibody diluted 1:7500 in blocking buffer.
After washing, the membrane was incubated for 1 h with
peroxidase-conjugated goat anti-rabbit IgG antibody
(Sigma, Milano, Italy) diluted 1:10000, and then tested
for horseradish peroxidase activity using SuperSignal
West Pico Chemiluminescent Substrate (Pierce,
Rockford, IL, USA). 

For N-glycosidase F (PNGase F) and O-glycosidase
(Roche, Milano, Italy) digestion, 90 mg of the enriched
membranes fraction was treated for 5 min at 90°C with
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0.1% SDS, 1% ß-mercaptoethanol, 0.5mM PBS. Thirty
micrograms of the denatured proteins were incubated
overnight at 37°C in the presence of incubation buffer
(0.5% IGEPAL, 1xPMSF, 40mM PBS) plus 4U PNGase
F, or 2U O-glycosidase, or without any enzyme
(control). The enzymatic reaction was stopped by adding
4x running buffer and the samples were loaded on the
gel, run and immunoblotted as previously described. 

Negative controls were carried out by incubating
blots containing equine isthmus plasma membranes with
1) a solution where the primary antibody was absorbed
with a molar excess of the immunizing peptide, 2) a
rabbit pre-immune serum.
Light microscopy

The tissue fragments were fixed overnight in 4%
(w/v) phosphate-buffered paraformaldehyde at 4°C.
After fixation, the tissues were washed and dehydrated
in ethanol series, cleared in xylene, and embedded in
paraffin wax. 4-µm thick sections were cut and, after de-
waxing with xylene and hydration in an ethanol series of
descending concentration, they were stained with
Mayer’s haematoxylin and eosin (to study the general
morphology) or processed for immunohistochemistry. 
Immunohistochemistry

De-waxed and re-hydrated tissue sections were
incubated for 30 min in a solution of 0.3% H2O2 inmethanol to inhibit endogenous peroxidase activity.
Then, they were rinsed with PBS-1% BSA, and non-
specific binding sites for immunoglobulins were blocked
by 5% NGS in PBS-BSA for 30 min. Sections were
incubated for 17 hours at 4°C in a moist chamber with a
1:500 dilution of primary rabbit polyclonal antibody
against the third extra-cellular loop of the mouse µ-
opioid receptor (anti-µ-opioid receptor; Chemicon,
Temecula, CA, USA). The sections were incubated for
30 min with diluted biotinylated goat anti-rabbit IgG.

After washing for 15 min in PBS-BSA, immuno-
histochemical visualisation was obtained using the
Vecta-lab “Elite” (ABC) kit (Vector, Burlingame, CA).
Peroxidase activity was visualized by incubating with
both 0.01% H2O2 and 0.05% diaminobenzidine-tetrahydrochloride (DAB) (Sigma, Milano, Italy) in
0.05M Tris buffer, pH 7.2, for 5 min to reveal the brown
immuno-reactive cells. Finally, the sections were
counterstained with Haematoxylin, dehydrated and
mounted.

To confirm the specificity of the immunoreaction,
the following control procedures were performed: 1)
replacement of primary antibody with NGS, 2) omission
of the primary antibody incubation step.
Deglycosylation

Hydrolysis of N-linked oligosaccharides was carried
out by enzymatic treatment with 10U/ml of N-
Glycosidase F (Roche, Milano, Italy) diluted in 20mM
sodium phosphate buffer (PBS), pH 7.2, containing
10mM EDTA and 0.5% Triton X-100, overnight at 37°C
(Desantis et al., 2006). Cleavage of O-glycans was
performed by enzymatic and chemical treatments.
Enzymatic hydrolysis was carried out by incubating
sections with 5U/ml of O-glycosidase (Roche, Milano,
Italy) diluted in PBS, pH 7.4, overnight at 37°C.
Chemical cleavage consisted of the ß-elimination
reaction by means of incubation of sections with 0.5 N
NaOH in 70% (v/v) ethanol at 4°C for 5 days (Ono et
al., 1983). After deglycosylation, the sections were
immunostained under the above experimental
conditions.
Results

Western blot analysis

Western blot analysis showed the presence of the µ-
opioid receptor in the crude plasma membrane fraction
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Fig. 1. Immunoblott ing
analysis of the µ-opioid
receptor (MOR) in plasma
membrane from the isthmus
of mare oviduct. Blot with
equine plasma membranes
from isthmus incubated with
antiserum to a peptide related
to the third extra-cellular loop
of the mouse MOR. a. lane a,
two bands of 50 and 65 KDa
were observed in the isthmus
of mare oviduct incubated in
deglycosylation reaction
buffer; lane b, an additional
30 KDa band was observed in

isthmus after N-deglycosylation treatment; lane c, no differences were observed in the isthmus immunoblotting profile after O-glycosidase treatment. 
b. Negative controls immuno-blotting of equine isthmus plasma membranes incubated with pre-absorbed antibody (lane d) or with a rabbit pre-immune
serum (lane e).



obtained from the isthmus of equine oviduct. The protein
appeared as two clear bands with molecular weights of
around 65 and 50 kDa (Fig. 1a, lane a). 

After N-glycosylation, an additional immunoreactive
peptide at around 30 kDa was observed (Fig. 1a, lane b),
whereas O-deglycosilation did not show any additional
band (Fig. 1a, lane c). No immunoreactivity was
observed in control blots incubated with the antiserum
depleted of anti-µ-opioid receptor antibodies by pre-
adsorption with a molar excess of the immunizing
peptide (Fig. 1b, lane d) or in blots incubated with rabbit
pre-immune serum (Fig. 1B, lane e)

Light microscopy

The isthmus of the mare oviduct is characterized
both by well-developed muscle layers and non-branched
mucosal folds (Fig. 2). The epithelium lining the mucosa
consisted of ciliated cells and non-ciliated (secretory)
cells (Fig. 2). 
Immunohistochemistry

The results of immunostaining experiments in the
mare isthmus oviduct are summarized in Table 1.
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Fig. 2. Cross-section of the horse
oviductal isthmus. The isthmus
shows a well-developed muscle
layer and non-branched mucosal
folds l ined by a columnar
epithelium containing ciliated cells
and non-cil iated cells. em,
extrinsic musculature; im, intrinsic
musculature; l, lumen; sct, sub-
peritoneal connective t issue;
arrow, mucosal fold; arrowhead,
ciliated cells; asterisk, non-ciliated
cells. Mayer’s haematoxylin-eosin
staining. Scale bar: 350 µm.
Scale bar in inset: 18 µm.



The µ-opioid receptor antiserum immunoreacted
with the mucosa, the musculature and blood vessels. In
the epithelium lining the mucosa, ciliated cells and non-
ciliated cells were immunostained with µ-opioid
receptor antiserum (Fig. 3a). Some non-ciliated cells did
not show immunostaining (Fig. 3a). In the tunica propria
the endothelial cells and the vascular muscle cells, as
well as some stromal cells, showed immunoreactive sites
(Fig. 3a). Immunopositive smooth muscle cells were
found all along the whole thickness of the isthmus. The
µ-opioid receptor immunopositive myocytes were more

numerous in the intrinsic musculature than the extrinsic
musculature (Fig. 3b). The immunopositive myocytes
formed a compact circular coat in the intrinsic
musculature, whereas they were arranged in oblique,
sometimes isolated, muscle bundles mixed with
unstained myocytes in the extrinsic musculature (Fig.
3b). Blood vessels with immunopositive endothelial
cells and smooth muscle cells were scattered in the
muscular wall of the isthmus. No stained sites were
observed when the primary antibody incubation was
omitted in the immunostaining procedure (Fig. 3c). 
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Fig. 3. Light micrographs of horse oviductal isthmus immunostained with anti-µ-opioid receptor. a. Anti-µ-opioid receptor immunoreactivity was found in
ciliated cells and non-ciliated cells (some of the latter were negative) of the epithelium lining, in endothelial cells of mucosal blood vessels, and in
intrinsic musculature. b. µ-opioid receptor was expressed in the intrinsic and extrinsic muscle cells, as well as in the endothelial cells of capillaries
scattered in the muscular wall. c. No staining sites were observed when the primary antibody incubation was omitted in the immunostaining procedure.
em, extrinsic musculature; im, intrinsic musculature; l, lumen; tp, tunica propria; arrow, positive stromal cell; double arrowhead, blood vessel; asterisk,
negative non-ciliated cells. Scale bars: a, 16 µm; b, 81 µm; c, 16 µm. 

Fig. 4. Light micrographs of horse oviductal isthmus immunostained with N-glycosidase F/anti-µ-opioid receptor procedure. a. No anti-µ-opioid receptor
immunoreactivity was found in ciliated cells or non-ciliated cells of lining epithelium. b. Anti-µ-opioid receptor immunoreactivity occurs in the muscle
cells, whereas immunostaining was lacking in blood vessels. c. High-magnification micrograph of a blood vessel dispersed in the muscular wall of the
isthmus showing no anti-µ-opioid receptor reactivity in endothelial cells or smooth muscle cells. em, extrinsic musculature; im, intrinsic musculature; l,
lumen; m, muscle cells; tp, tunica propria; double arrowhead, blood vessel. Scale bars: a, 18 µm; b, 81 µm; c, 21 µm. 

Fig. 5. Light micrographs of horse oviductal isthmus immunostained with ß-elimination/anti-µ-opioid receptor procedure. a. The mucosal epithelium only
showed anti-µ-opioid receptor immunoreactivity in the apical region of ciliated cells. b. Weak immunostaining with anti-µ-opioid receptor serum was
observed in a lower number of muscle cells of the muscular wall (compare with 3b and 4b). c. High-magnification micrograph of a blood vessel
scattered in the muscular wall showing no anti-µ-opioid receptor reactivity in endothelial cells or smooth muscle cells. im, muscle cells; pv, peri-vascular
connective tissue; tp, tunica propria; arrow, negative non-ciliated cells; arrowhead, ciliated cells; double arrowhead, blood vessel. Scale bars: a, 18 µm;
b, 58 µm; c, 16 µm. 



Removal of N-linked oligosaccharides by N-
glycosidase F pre-treatment abolished the
immunostaining of the ciliated cells, non-ciliated cells
and stromal cells in the mucosa (Fig. 4a), as well as in
the endothelial cells and smooth muscle cells of the
blood vessels (Fig. 4b). 

Cleavage of O-glycans by O-glycosidase did not
modify the µ-opioid receptor antiserum binding pattern,
whereas ß-elimination procedure abolished the
immunostaining of the non-ciliated cells, stromal cells
(Fig. 5a), the most muscle cells (Fig. 5b) and the blood
vessels (Fig. 5c). The immunoreactive muscle cells
showed weak staining. After ß-elimination the ciliated
cells of the mucosal epithelium showed immuno-
reactivity in the apical region (Fig. 5a).
Discussion

The present study provides evidence that the µ-
opioid receptor is expressed in the isthmus of the horse
oviduct. In addition, deglycosylation methods show that
a different type of glycosylation occurs in the third extra-
cellular loop of the µ-opioid receptor. 

The mucosal epithelium expressed the µ-opioid
receptor in ciliated cells and non-ciliated cells. The
presence of this receptor in the ciliated cells could be
related to ciliary motility. Previous studies have shown
that opioids regulate cilia beat frequency in humans
(Rutland et al., 1982; Roth et al., 1991) as well as in
invertebrate respiratory tissues (Mantione et al., 2006).
Calcium ions are involved in maintaining ciliary beat
frequency in oviductal ciliated cells (Barrera et al., 2004;
Andrade et al., 2005), thus providing the progression of
capacitated spermatozoa. The deglycosilation treatments
used in the immunohistochemical study indicate that
ciliated cells express the µ-opioid receptor with N-linked
oligosaccharides in the third extra-cellular loop. This
was shown by the abolition of staining in N-glycosidase
F pre-treated sections and the preservation of immuno-
reactivity in the apical region of ciliated cells after ß-
elimination. Since this ciliated cells zone contains the
ciliary beat machinery, the presence of the µ-opioid
receptor could be related to ciliary motility. The
presence of N-oligosaccharides in the µ-opioid receptor
has also been reported in human embryonic kidney
(HEK)-293 cells (Chaturvedi et al., 2000). 

The immunoreactivity of the µ-opioid receptor in

non-ciliated cells proves that this receptor is expressed in
many, but not all, non-ciliated cells, because some non-
ciliated cells were unstained. The immunostaining
abolition of the non-ciliated cells after the N-
glycosidase-F and ß-elimination procedure suggests that
non-ciliated cells express both N- and O-linked
oligosaccharides in the third extra-cellular loop of the µ-
opioid receptor. The expression of this receptor in the
isthmus is consistent with the presence of Ca2+ in the
oviduct (Cox and Leese, 1997). The concentration of
Ca2+ in the oviductal media modulates sperm
capacitation, zona pellucida binding, and penetration and
sperm-egg fusion in an Australian marsupial, the
brushtail possum (Trichosurus vulpecula) (Sidhu et al.,
2003). The lack of the µ-opioid receptor in some non-
ciliated cells indicates the presence of non-ciliated cell
sub-types. Histochemistry studies have shown different
non-ciliated cell sub-types in the mare oviduct (Desantis
et al., 2005). Different non-ciliated cell sub-types might
indicate that non-ciliated cells carry out different roles
along the mucosal epithelium of the mare isthmus
oviduct. In non-ciliated epithelial cells the µ-opioid
receptor may mediate exocrine secretion (Lang et al.,
1996), as well as paracrine or autocrine signalling
(Popper et al., 2004).

Some stromal cells showed immunoreactivity with
the anti-µ-opioid receptor serum in the tunica propria of
mare isthmus oviduct. The immunostaining was
abolished after the N-glycosidase-F and ß-elimination
procedures. This indicates that µ-opioid receptor
contains both N- and O-linked oligosaccharides in the
isthmus stromal cells of mare oviduct. Recent non
immunohistochemical studies revealed the presence of
this receptor in stromal cells of pregnant mouse uterus
(Zhu and Pintar, 1998) and of deep infiltrating
endometriosis in humans (Matsuzaki et al., 2007).
Although expression of the µ-opioid receptor is
regulated by GnRH and progesterone, its functional role
in stromal cells has not been clarified (Matsuzaki et al.,
2007).

The immunostaining of the µ-opioid receptor was
demonstrated in the isthmus muscle cells. This indicates
that µ-opioid receptor could have some influence on the
contraction of mare isthmus musculature. Calcium is an
important second messenger involved in exciting-
contraction coupling and plays a key role in regulation
of smooth muscle tone (Jiang and Stephens, 1994).
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Table 1. Results of immunostaining experiments.

Ciliated cells Non-ciliated cells Stromal cells Muscle cells Blood vessels

anti µ-opioid receptor + +/-* +*/- + +
N-glycosidase F - - - + -
O-glycosidase + +/-* - + +
ß-elimination +a - - -/± -

a, apical zone; -, negative reaction; ±, little and weak immunoreactive cells; +, moderate/strong immunoreactivity; * few cells.



Calcium channels have been isolated in myocytes from
the cricket lateral oviduct (Mutoh and Yoshino, 2004).
Non immunohistochemical studies have shown the µ-
opioid receptor on the smooth muscle cells of guinea
pig, human (Bitar and Makhlouf, 1985) and cat intestine
(Venkova et al., 1992), mouse vas deferens (Ramme and
Illes, 1986), canine gallbladder (Severi et al., 1988) and
guinea pig stomach (Grider and Makhlouf, 1991). In our
study, isthmus showed a greater presence of myocytes
with the µ-opioid receptor in the intrinsic musculature
than in the extrinsic musculature. The immunopositive
myocytes formed a compact, circular coat in the intrinsic
musculature, whereas they were arranged in some
isolated, oblique bundles scattered among unreactive
muscle cells in the extrinsic musculature. A scanning
electron microscopy study revealed that in mare isthmus
the myosalpinx has a plexiform structure. The intrinsic
musculature consists of a circular inner coat, mixed with
oblique bundles, and the extrinsic musculature contains
isolated, oblique muscle bundles scattered among
longitudinally arranged fibre bundles (Germanà et al.,
2002). The different arrangement of µ-opioid receptor
expressing myocytes could generate a stirring movement
of lumen content which is peculiar to plexiform
musculature (Hodgson et al., 1977). The stirring
movement can promote the contact between lumen
content molecules. This process can lead to an
optimization of the micro-environment which ensures
the effective condition of the sperm when ovulation
occurs, as well as early embryo development during its
flow to the uterus (Motta et al. 1995). A different
presence of the µ-opioid receptor in muscle cells has
been found in guinea pig, human (Bitar and Makhlouf,
1985) and cat intestine (Venkova et al., 1992), where
opiate receptors are present on circular muscle cells and
absent on longitudinal muscle cells. Contrary to the
plexiform architecture of the mare myosalpinx, the
muscular architecture of the intestine generates
peristaltic movements.

ß-elimination abolished immunoreactivity in most
muscle cells, whereas the other deglycosylation
procedures did not change immunostaining. These
results suggest that the third extra-cellular loop of the µ-
opioid receptor in muscle cells of the mare isthmus
oviduct contains O-linked oligosaccharides. The
possibility of O-linked glycosylation has been suggested
but not demonstrated in the µ-opioid receptor of equine
spermatozoa (Albrizio et al., 2005). O-glycosidase
releases the disaccharide Galß(1-3)GalNAc core from O-
glycans binding to serine or threonine. Substitution of
the disaccharide by sialic acid, N-acetylgalactosamine or
fucose prevents this hydrolysis (Umemoto et al., 1977).
Thus, the failure in the cleavage of O-glycans by this
enzyme observed in both the western blot and immuno-
histochemistry procedures suggests that the third extra-
cellular loop of the µ-opioid receptor expressed in the
mare isthmus contains some modification of the Galß(1-
3)GalNAc unit. 

Blood vessels showed the presence of the µ-opioid

receptor in endothelial cells and smooth muscle cells.
The immunostaining was abolished after N-glycosidase
F and ß-elimination incubation. This indicates that the µ-
opioid receptor expressed in the endothelial cells and
smooth muscle cells of blood vessels of the mare
isthmus contains both N- and O-linked oligosaccharides
in the third extracellular loop. Pharmacological and
immunological investigations have revealed the
expression of the µ-opioid receptor in human neural
microvascular (Vidal et al., 1998; Cadet et al., 2000),
saphenous vein, atria and internal thoracic artery
endothelium (Cadet et al., 2001). The presence of the µ-
opioid receptor in vascular smooth muscle cells has been
revealed in the mesenteric arterial smooth muscle cells
of rats (Kai et al., 2002). Some studies show that the
expression of the µ-opioid receptor can be up-regulated
by pro-inflammatory cytokine, such as interleukin-1 (IL-
1), and suggest that opioid-dependent pathways in
endothelial tissue may be modulated in the disease state
(Maier et al., 1990). Immunoreactive IL-1 has been
found in the epithelium and stroma of the bovine
isthmus oviduct (Paula-Lopes et al., 1999). The µ-opioid
receptor regulates the concentration of Ca2+, an
important second messenger involved in excitation-
contraction coupling, playing a key role in the regulation
of vascular smooth muscle tone (Jiang and Stephens,
1994) during pathological events (Kai et al., 2002,
2004).

In conclusion, this study describes the expression
sites of the µ-opioid receptor in the mare isthmus
oviduct and that this receptor is a protein glycosylated in
the third extra-cellular loop, which appears to be a key
element for the binding of µ-opioid receptor ligands
(Guarna et al., 2003). Since this is not a functional study,
and having analysed oestrus specimens, we can infer that
in the isthmus oviduct this receptor could have a role in
ensuring the best sperm condition when ovulation
occurs, as well as in facilitating gamete transport.
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