
Summary. The present work was undertaken to
determine the glycoconjugates secreted by the
epithelium of the equine ampulla ductus deferentis,
using conventional (PAS, AB pH 2.5, AB pH 1.0) and
lectin histochemical procedures in conjunction with
enzymatic digestion and chemical treatment. The
presence of abundant apical cytoplasmic blebs suggests
that the equine ampulla secretes its products mainly in
an apocrine manner. Glandular cells secrete neutral and
acidic sialylated glycoconjugates as revealed by
conventional histochemical procedures. Lectin
histochemistry helped us to discover the following
histological positive sites: the mucosal cells, the
glandular epithelial cells, the apical cytoplasmic blebs
and the basal cells. The ampullary secretions contained
both glycoproteic material (revealed by Con-A-, LCA-,
GSA-II-, WGA-, RCA-I- positivity) and sialomucins
(evidenced by the reactivity of GSA-II, SBA, PNA and
RCA-I after sialidase digestion) having different
functional roles. The mucosal cells reacted with Con-A,
LCA, and also with sialidase/GSA-II-, SBA-, PNA-, and
RCA-I sequences, contributing to the chemical
heterogeneity of ampullary secretions. DBA lectin was a
specific marker for basal cells. 
The results obtained were compared with our

previous findings regarding the differences in the lectin
binding pattern of the plasma-membrane of equine
sperm collected from epididymal cauda and the ampulla
ductis deferentis. Our results support other studies that
indicate that ampullary secretions are involved in
altering the plasma-membrane glycoconjugates of
spermatozoa, contributing to their maturation.
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Introduction

Although various histochemical investigations on
the male accessory sex glands of laboratory and
domestic animals are available in the literature, the horse
has received little attention. In fact, lectin histochemical
studies have been previously carried out mainly on the
prostate of rat (Tsukise and Yamada, 1981; Hauke et al.,
1989), guinea pig (Chan and Wong, 1991a, 1992), man
(Bischof and Aümuller, 1982; Arenas et al., 1999), goat
(Tsukise and Yamada, 1984, 1987), dog (Orgad et al.,
1984), pig (Tsukise and Yamada, 1990), and rhesus
monkey (Wakui et al., 1992). These studies
demonstrated that lectins represent suitable
histochemical probes of specific secretory functions,
structural components and developmental alterations of
the prostate gland. 
Histochemical studies have also been performed on

the guinea pig seminal vesicles (Chan and Wong, 1991b,
1998), on the bulbourethral gland of the bull (Moré,
1991) and of the boar (Badia et al., 2005).
Glycoconjugates are fundamental components of the

epithelial secretions, elaborated by the accessory sexual
glands of mammals, and they are necessary for the
maintenance of the physiological activities of these
organs (Tsukise and Yamada, 1984, 1987). In addition,
these compounds may mix with spermatozoa during
their transit in the male genital tract, contributing to their
final maturation. In fact, mammalian spermatozoa
obtained from the testis are immotile and acquired their
potential motility during post-testicular transit; indeed,
in many species also the epididymal spermatozoa are
immotile and are activated only after or during the
ejaculation with the contribution of the accessory sex
glands secretions (Hamamah and Gatti, 1998).
Among the male accessory reproductive glands, the

ampulla ductus deferentis has been the least studied
histochemically. Bergerson et al. (1994) suggested that
in bovines this gland plays an active role in the
nourishment, activation, storage and transport of male
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gametes. These authors demonstrated differences in the
lectin reactive-sites at the plasma membrane level
between cauda epididymidal and ampullary sperm,
suggesting that ampullary secretions are involved in
altering the plasma-membrane glycoconjugates of
spermatozoa contributing to their maturation.
In the horse, we have earlier investigated on the

histochemical characterization on the different cellular
elements of the testis (Verini Supplizi et al., 2000) and
epithelium lining the post-testicular ducts (Parillo et al.,
1997a, 1998). In the present study we investigated the
nature and distribution of glycoconjugates in the equine
ampulla ductus deferentis by means of lectin
histochemistry. The results were compared with our
previous histochemical findings (Parillo et al., 1997b),
concerning equine ampullary spermatozoa, in order to
correlate the ampullary epithelial secretions with post-
epididymal sperm maturation in this species. 
Materials and methods

Ampullae ductus deferentis were recovered from 2
to 6 year-old (n=5) coldblood horses of proven fertility
which were regularly slaughtered in an abattoir.
Specimens were immediately fixed in Carnoy’s fluid for
24h and post-fixed in a solution of 2% calcium acetate
and 4% paraformaldehyde (1:1 v/v) for 3h at room
temperature (Menghi, 1984; Spicer and Schulte, 1988).
They were then routinely dehydrated in graded series of
alcohols, cleared in xylene and subsequently embedded
in paraffin.
Serial sections 5 µm thick were mounted on

Superfrost Plus slides (Bio-Optica, Milano, I) and
subjected to conventional and lectin histochemical
procedures.
Conventional histochemical stainings

The sections were stained with the following
methods: periodic-acid Schiff (PAS, to detect vicinal
hydroxyls), Alcian-Blue pH 2.5 (AB to demonstrate

acidic groups) and AB pH 1.0 (to discriminate sulphate
groups) (Pearse, 1985). 
Lectin histochemistry

The specimens were processed for lectin
histochemistry according to the procedures that were
described previously by Parillo et al. (1997a, 1998).
The sections were dipped in 0.3% H2O2/methanolfor 30 min to inhibit endogenous peroxidase activity

and, after washing with PBS, were incubated in a moist
chamber for 1h at room temperature with a solution of
horseradish peroxidase (HRP) conjugated lectins in 0.1
M PBS pH 7.2 containing 0.1 mM CaCl2, MgCl2 andMnCl2. The sections were rinsed briefly with PBS andthe peroxidase activity sites were visualized with a 3-3’
diaminobenzidine DAB kit (D.B.A. Italia S.R.L.,
Milano, I) for 5 min. The plant lectins conjugated with
HRP used in this research, along with their
corresponding sugars, their optimal concentration and
the inhibitory sugars, are reported in Table 1.
Negative controls for the lectin labelling were run

either by substitution of lectin-conjugates with the
respective unconjugated lectins or by preincubation of
lectins with the addition of 0.2/0.4 M corresponding
hapten sugars. 
An additional control was performed by dipping the

sections in a DAB system without lectins in order to
evidence endogenous peroxidase activity in the tissue
samples.
Enzymatic treatment

AB pH 2.5 and WGA-, GSA-II-, SBA-, DBA-,
PNA- and RCA-I-lectin staining procedures were
preceded by neuraminidase (sialidase type V from
Clostridium perfringens) digestion, which was carried
out for 18h at 37°C in a solution of 0.1 M acetate buffer,
pH 5.5 and 10 mM CaCl2 containing the enzyme at aconcentration of 0.86 U/ml. Sialic acid residues with O-
acyl substituents at C4 resisted C. perfringens
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Table 1. Lectins used and their carbohydrate specificities.

Source of lectin Acronym Carbohydrate specificitya Inhibitory sugarsb Lectin concentration

Canavalia ensiformis Con-A α-D-Man>α-D-Glc α-D-Methylman 20 µg/ml 
Lens culinaris LCA α-D-Man, α-D-Glc α-D-Methylman 20 µg/ml 
Triticum vulgaris WGA GlcNAc>sialic acid D-GlcNAc 10 µg/ml
Griffonia simplicifolia GSA-II α and ß GlcNAc D-GlcNAc 50 µg/ml
Glycine max SBA α-D-GalNAc>ß-D-GalNAc D-GalNAc 10 µg/ml
Arachis hypogaea PNA ß-D-Gal-(1→3)-D-GalNAc D-Gal 40 µg/ml
Ricinus communis RCA-I ß-D-Gal-(1→4)-D-GlcNAc D-Gal 50 µg/ml
Dolichos biflorus DBA α-D-GalNAc D-GalNAc 10 µg/ml
Lotus tetragonolobus LTA α-L-Fuc L-Fuc 20 µg/ml
Ulex europaeus UEA-I α-L-Fuc L-Fuc 20 µg/ml 

a: ß-D-Gal, ß-D-galactose; α-D-Gal, α-D-galactose; D-GalNAc, D-N-acetylgalactosamine; ß-D-GalNAc, ß-D-N-acetylgalactosamine; α-D-GalNAc, α-D-
N-acetylgalactosamine; GlcNAc, N-acetylglucosamine; α-D-Man, α-D-mannose; α-D-Glc, α-D-glucose; b: α-D-Methylman, α-D-methylmannose.



neuraminidase, but were cleaved after removal of the
acetyl groups by saponification. Saponification was
performed by immersing the sections in 1% potassium
hydroxide solution in 70% ethanol for 15 min prior to
enzymatic digestion.
Controls for the enzymic digestion were provided by

sections exposed to the buffer in which the enzyme was
dissolved.
The HRP-labelled lectins used in this research were

purchased from Sigma Chemicals (St. Louis, MO,
USA), with the exception of GSA-II-, LTA- and RCA-I-
lectins which were obtained from Società Italiana
Chimici (Roma, I).
Results

The mucosa of ampulla ductus deferentis was folded

and lined with a pseudostratified columnar epithelium;
the submucosa is glandular consisting of tubuloalveolar
glands which opened directly into the lumen of the
ampulla. The glandular epithelium consisted of a single
layer of low columnar principal cells, with few basal
cells. The principal cells had globe shaped apical
portions projecting and bulging into the lumen of the
alveoli that we call apical cytoplasmic blebs. Within the
lumen of the glandular alveoli, abundant secretions were
visible when stained with haematoxylin and eosin. 
The conventional and lectin histochemical profiles

of the equine ampulla are summarized in Tables 2 and 3,
respectively.
The PAS and AB pH 2.5 (Fig. 1) conventional

procedures intensely stained the apical cytoplasm of the
glandular cells, the apical cytoplasmic blebs and the
secretion products present in the glandular lumen,
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Fig. 1. The AB ph 2.5 reaction is intense in the apical cytoplasm of the glandular cell, in the apical cytoplasmic blebs (arrows) and in the luminal gland
content (arrowheads). Bar: 20 µm.

Fig. 2. Sequential sialidase/AB pH 2.5 staining. The removal of sialic acid residues determined a marked decrease of alcianophilia in the above sites.
Bar: 20 µm.

Table 2. Conventional histochemical procedures in the equine ampulla ductus deferentis.

Histochemical Stainings Mucosal Cells Glandular Epithelial Cells Apical Cytoplasmic Blebs Luminal Gland Content Basal Cells

PAS - +++* +++ +++ -
AB pH 2.5 - +++* +++ +++ -
Sialidase /AB pH 2.5 - +* + + -
AB pH 1.0 - ++* ++ ++ -

(+) and (-) indicate staining intensity on a subjective scale that attributes (-) to negative reaction and (+++) to intense reaction. *: apical cytoplasm.



whereas AB pH 1.0 moderately stained the histological
sites considered. Sialidase digestion reduced AB pH 2.5
(Fig. 2) staining markedly in all the above histological
sites; KOH treatment did not alter the staining intensity
obtained with sialidase/AB pH 2.5 sequence. 
The epithelial cells lining the mucosa of the ampulla

were always negative with conventional histochemical
stainings.

Using lectin technique we identified the following
histological positive sites: the mucosal cells, the
glandular epithelial cells, the apical cytoplasmic blebs,
the luminal gland content and the basal cells.
The cytoplasm of the mucosal cells exhibited a

staining which was intense with Con-A (Fig. 3 - insert)
and weak with LCA; sialidase degradation promoted a
reaction which was moderate with GSA-II, SBA, PNA
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Fig. 3. insert. Con-A-HRP staining. The mucosal cells are intensely stained with this lectin. Bar: 50 µm; insert: 20 µm.

Fig. 4. LCA-HRP staining. The entire cytoplasm of the glandular cells, the apical blebs and the luminal gland content (arrowheads) evidence a weak
affinity for this lectin. Bar: 20 µm.

Table 3. Lectin binding patterns in the equine ampulla ductus deferentis.

Lectins and Treatments Mucosal Cells Glandular Epithelial Cells Apical Cytoplasmic Blebs Luminal Gland Content Basal Cells

Con-A +++ ++/+++ 1 ++/+++ ++ -
LCA + + 1 + + -
WGA - ++ 2 +/++ ++ -
GSA-II - + 2 + + -
Sialidase / GSA-II ++ ++ 2 ++ ++ -
SBA - - - - -
Sialidase / SBA ++ +++ 2 +/+++ +++ -
PNA - - - - -
Sialidase / PNA ++ +++ 2 +/+++ +/+++ -
RCA-I - + 2 + + -
Sialidase / RCA-I + ++ 2 ++ ++ -
DBA - - - - +++
Sialidase / DBA - - - - +++
LTA - ++ 3 - - -
UEA-I - - - - -

(+) and (-) indicate staining intensity on a subjective scale that attributes (-) to negative reaction and (+++) to intense reaction. 1: Entire cytoplasm; 
2: Apical cytoplasm; 3: Supranuclear cytoplasm.
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Fig. 5. Con-A-HRP staining. The entire cytoplasm of the glandular cells and the apical blebs shows a reaction ranging from moderate to intense
whereas the luminal gland content is moderately stained (arrowheads). Bar: 20 µm. 

Fig. 6. Sialidase/RCA-I-HRP staining. The removal of sialic acid residues produced a weak RCA-I positivity in the cytoplasm of mucosal cells. 
Bar: 20 µm.

Fig. 7. Sialidase/GSA-II- HRP staining. The cleveage of sialyl residues enhances GSA-II reaction in the apical cytoplasm (arrows) of the glandular cells,
in the apical blebs and in the luminal gland content (arrowheads). Bar: 10 µm. Insert - GSA-II staining. The apical cytoplasm and the apical blebs of the
glandular cells are weakly stained. Bar: 20 µm.

Fig. 8. Sialidase/PNA-HRP staining. The enzymatic degradation promotes PNA affinity which is intense in the apical cytoplasm of the glandular cells
and in the luminal gland content (arrowheads) and ranging from weak to intense in the apical blebs. Bar: 20 µm.



and weak with RCA-I (Fig. 6).
The glandular cells reacted with the lectins in a

different manner.
Con-A- and LCA- labelling sites were localised in

the entire cytoplasm of these cells. Con-A showed a
reaction ranging from moderate to intense (Fig. 5),
whereas LCA weakly stained the cells (Fig. 4).
WGA-, GSA-II- and RCA-I-binding sites were

localised in the apical cytoplasm of the glandular cells.
In particular, WGA was moderately positive; whereas
GSA-II (Fig. 7 insert) and RCA-I reacted weakly.
Sialidase degradation moderately enhanced GSA-II (Fig.
7) and RCA-I staining. SBA-, PNA- and DBA-lectins
resulted unreactive; sialidase degradation promoted an
intense SBA and PNA positivity (Fig. 8), whereas DBA
gave negative results also after the cleavage of sialic
acid residues.
LTA reacted moderately in the supranuclear

cytoplasm of the glandular cells (Fig. 9).
The apical cytoplasmic blebs (see Figs. 4, 5, 7 and 8)

exhibited a reaction which ranged from moderate to
intense with Con-A, weak with LCA, GSA-II and RCA-I
and ranged from weak to moderate with WGA.
Enzymatic digestion moderately enhanced GSA-II
staining and gave a positive reaction of variable intensity
which was moderate for RCA-I and ranged from weak to

intense for SBA and PNA.
The lectin binding patterns for the luminal gland

content resembled those of the apical cytoplasmic blebs
(Figs. 4, 5, 7, 8).
The basal cells showed intense positivity with DBA;

sialidase digestion did not elicit new binding sites at this
level (Fig. 10).
UEA-I-lectin always gave negative results.
Saponification with KOH did not modified the

results obtained with sialidase digestion, prior to lectin
staining, in any of the histological sites studied.
Staining control

All the control staining procedures failed to disclose
appreciable reactivity at any of the sites described in the
equine ampulla ductus deferentis (Fig. 11).
Discussion

Conventional histochemical stainings revealed a
conspicuous presence of glycoconjugates secreted by the
glandular cells of ampulla as evidenced by the positivity
of the apical cytoplasmic blebs and the glandular
secretions. These glycoconjugates containing high
amounts of hexoses with vicinal hydroxyls were
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Fig. 9. LTA-HRP staining. The supranuclear region of the
glandular cells results positive. Note the absence of
reactivity in the apical blebs and in the luminal gland
content. Bar: 10 µm.

Fig. 10. DBA-HRP staining. The basal cells are intensely
stained. Bar: 10 µm. 

Fig. 11. Control section. Con-A- HRP with 0.4 M D-Man.
Staining is completely inhibited. Bar: 20 µm.



visualised with the PAS procedure. In addition, acidic
glycoconjugates were also detected: they possessed both
sulphated and carboxylated groups on the basis of
positive reactions to AB pH 1.0 and AB pH 2.5. The
carboxyl radicals could be ascribed to sialic acid as
demonstrated by the marked decrease in alcianophilia
after sialidase digestion. Sialyl residues did not seem to
contain O-acetyl substituents at C4 since saponification
with KOH did not change the staining obtained with
sialidase/AB pH 2.5 sequence.
More detailed information on the carbohydrate

moiety of glycococonjugates secreted by the ampulla
was obtained with the use of lectin histochemistry. The
glycocomponents secreted by the glandular cells
appeared to be very heterogeneous on the basis of the
lectin affinity of the apical cytoplasmic blebs and the
luminal gland content. In general, at these levels lectin
stainings revealed the presence of both glycoproteic
material (see Con-A-, LCA-, GSA-II-, WGA-, RCA-I-
positivity) and sialomucins (see the reactivity of GSA-II,
SBA, PNA and RCA-I after sialidase digestion),
confirming the results obtained with conventional
methods. In particular, the glandular cells produced
glycoconjugates with α-D-Man/α-D-Glc residues
revealed by Con-A and LCA lectins. Moreover, positive
binding was observed at the same level for WGA and
GSA-II lectins, indicating the occurrence of GlcNAc
moiety. This carbohydrate was present in the terminal
position, as demonstrated by GSA-II positivity and also
in internal position penultimate to sialic acid residues,
since sialidase digestion increased the GSA-II staining.
The presence of GlcNAc residues in internal position of
the oligosaccharide side chains was also demonstrated
by the presence of WGA and RCA-I reactive sites.
Sialoglycoconjugates also contained the terminal
disaccharide sialic acid-ß-D-GalNAc and the terminal
trisaccharides sialic acid-ß-D-Gal-(1-3)-D-GalNAc and
sialic acid-ß-D-Gal-(1-4)-D-GlcNAc as testified by
means of sialidase/SBA, sialidase/PNA and
sialidase/RCA-I sequences, respectively. Residues of ß-
D-Gal-(1-4)-D-GlcNAc also occurred in the terminal
position as revealed by RCA-I affinity. ß-Gal detected by
PNA and RCA-I could be the acceptor sugar of sulphate
groups evidenced by AB pH 1.0 staining since sulphate
ester has been frequently identified at C6 position of
galactose (Martinez-Menarguez et al., 1992).
The presence of abundant apical cytoplasmic blebs

suggests that the equine ampulla ductus deferentis
secretes its products mainly in an apocrine manner. This
finding is in agreement with previous results obtained in
the dorsal prostate of the rat (Chan and Ho, 1999). The
lectin positivity of the apical cytoplasm observed in the
glandular cells might represent the staining of secretory
glycoconjugates preceding the detachment of the apical
cytoplasmic blebs in an apocrine mode. The
correspondence of the lectin binding pattern between the
apical cytoplasm of glandular cells and the apical blebs
supports our hypothesis. Conversely, cytoplasmic blebs
and secretory granules were detected in the hamster

dorsal prostate, indicating the coexistence of both
apocrine and merocrine secretions (Chow and Pang,
1989), whereas the presence of large amounts of
secretory granules of varying morphologies has been
reported in the goat prostate and in the guinea pig lateral
prostate, suggesting a merocrine mode of secretion
(Tsukise and Yamada, 1987; Chan and Wong, 1992). 
Con-A and LCA positive sites, specific for α-D-

Man/α-D-Glc residues, probably correspond to the
granular endoplasmic reticulum (GER) and to the Golgi
apparatus of the glandular cells. This finding agrees with
the ultrastructural labelling of these two cytoplasmic
sites by Con-A lectin. It has been reported that mannose
moieties present in the GER of the glandular cells may
be associated with the initial assembly of the N-linked
oligosaccharides of glycoproteins, which is completed in
the Golgi stack (Chan and Wong, 1992). Therefore, the
presence of α-D-Man indicates the presence of N-linked
glycoproteins.
LTA reactive sites were localised in the supranuclear

cytoplasm of the glandular cells, indicating the probable
presence of α-fucose in the Golgi apparatus. On the
contrary, UEA-I, a lectin with the same nominal
specificity for fucose, resulted negative. Similar
discrepancies are frequent between lectins that bind the
same monosaccharide (Damjanov, 1987) and probably in
the case of the present work, the fucose secreted by the
glandular cells was a 1,4 linked to GlcNAc and not a 1,2
linked to GalNAc (Spicer and Schulte, 1992). This
carbohydrate was not visualised in neither the apical
blebs nor in the luminal gland content, suggesting that a-
fucose probably belongs to structural and not to
secretory glycoproteins of the cells. In fact, this sugar is
the predominant terminal sugar in glycoproteins
pertaining to membranes with a rapid turnover, such as
those involved in exocytosis (Bennet et al., 1974).
In our study DBA lectin was a specific marker for

basal cells, indicating that these cells expressed terminal
α-D-N-GalNAc residues; conversely, the glandular cells
did not react with this lectin.
The specific staining of basal cells by lectins has

also been documented in some accessory sex glands of
different mammals (Bischof and Aümuller, 1982; Hauke
et al., 1989; Chan and Wong, 1998; Chan and Ho, 1999). 
The mucosal cells expressed different

glycoconjugates that were not revealed by conventional
methods but were visualised by means of lectin
histochemistry. In particular, glycoconjugates with α-D-
Man/α-D-Glc, sialic acid/GlcNAc, sialic acid/ ß-D-
GalNAc and sialic acid/ß-D-Gal moieties were
evidenced. This conspicuous presence of glycomolecules
suggests that the mucosal cells, together with the
glandular cells, also contribute to the chemical
heterogeneity of ampullary secretions in the horse,
reflecting different functional roles for each category of
glycoconjugates. Indeed, the PAS-positive glycoproteic
material may influence physiological properties of the
membranes, such as fluidity, surface charge density and
membrane permeability; it is also involved in the
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intracellular regulation of secretory granule transport and
its fusion with the apical plasma membrane (Chan and
Wong, 1992). In the present study, these glycoproteins
could correspond to different glycosidases which were
previously detected hisochemically in the ampulla of the
bull (Sinowatz et al., 1976). 
Additionally, we found large amounts of

sialoderivatives in equine ampullary secretions. In the
mammalian reproductive apparatus, sialic acids are
important components of the molecular mechanism that
control sperm formation and sperm maturation. They
also serve as a source of energy for spermatozoa and are
implicated in events leading to fertilization (Wakui et al.,
1992; Ueda et al., 1998).
In our previous work, we found differences in the

lectin binding patterns that occurred in the plasma-
membrane of equine sperm collected from epididymal
cauda and the ampulla ductus deferentis (Parillo et al.,
1997b). In particular, we reported that the expression of
some sugar residues, such as α-D-Man/-D-Glc, GlcNAc,
ß-D-GalNAc and ß-D-Gal moieties, increased or
appeared ex novo in the acrosome of spermatozoa during
their passage from the epididymal cauda to the ampulla.
In the present study, the finding that the same above-
mentioned carbohydrates were abundantly secreted by
the gland supports the hypothesis that the ampulla
produces glycoconjugates which can contribute to
spermatozoa maturation. The changes in the
carbohydrate composition observed in our previous
study (Parillo et al., 1997b) are probably necessary for
sperm transit and then for the capacitation and
fertilisation. However, the exact nature of the ampulla
contribution and the sequence of events that produce or
regulate these changes remain an open question. 
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