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Abstract

Lectins are glycoproteins of plant and animal
origin that have the ability to bind specific car-
bohydrate residues of cell glycoconjugates, particularly
in terminal positions. In this study, the binding of
lectins, Dolichos biflorus agglutinin (DBA), soybean
agglutinin (SBA), Bandeiraea simplicifolia BS-1 (isolectin
B4), Triticum vulgaris (WGA), Arachis hypogaea
(PNA), and Ulex europaeus (UEA-1), was studied in the
reproductive systems of male thoroughbred horses.

DBA was detected in the stereocilia of the caput
and corpus epididymis, and in the vas deferens. It
was weakly detected in connective tissue of the
corpus epididymis. Strong SBA staining was seen in
epithelial cells in the testis, stereocilia of the corpus
and cauda epididymis, and in the vas deferens. There
were intense positive reactions for isolectin B4 in
interstitial cells in all tissue and serosa of the vas
deferens. PNA staining was seen only in stereocilia in
the caput and corpus epididymis, and in the vas
deferens. Strong WGA staining was seen throughout
the testis, except in Sertoli cells, stereocilia, and
connective tissue. UEA-I was detected in secondary
spermatids, stereocilia, and epithelial cells of the
cauda epididymis.

These results show that degenerating cells in the
testis, epididymal tubules, and vas deferens have
differential affinities for lectins, and suggest that
lectins play a role in the reproductive system of the
horse. The heterogeneity of the lectin staining
pattern in the reproductive tubules of adult horses
suggests that the carbohydrate composition of each
cell type is region specific.
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Introduction

Lectins are carbohydrate-binding proteins of nonimmune
origin that are widely distributed in nature [9]. They are
glycoproteins of both plant and animal origin that can bind
to specific carbohydrate residues of cell glycoconjugates, par-
ticularly in terminal positions. All lectin molecules possess
two or more carbohydrate-binding sites, a property that is
essential for their ability to agglutinate cells and react with
complex carbohydrates. Recently, sugar residues on the cell
surface were shown to play an important role in cellular
function, differentiation, and regeneration [3, 7], and histo-
chemistry using lectins was demonstrated to be useful for
detecting sugar residue expression in various tissues [4].

The male reproductive system is a tubular structure that
is well suited for spermatozoa generation. Traditionally,
male reproductive potential is based on the ability to deliver
spermatozoa to the female genital tract. The function of the
male reproductive system is sperm creation and maturation
[8].

Many glycoproteins cover the epithelial lining of the male
reproductive system. These macromolecules provide the
spedific intraluminal environment in which immature sper-
matozoa acquire progressive matility and fertilizing ability
[6]. Accumulated evidence suggests that epididymal luminal
proteins and glycoproteins bind to spermatozoa and may be
responsible for altering the sperm plasma membrane, a vital
component in early fertilization events [6].

Lectin binding studies in the male reproductive system
have been carried out in dogs [5], cows [12], pigs [10], and
horses [9]. These studies mainly examined a single organ,
the testis. Little is known about patterns of lectin binding
to glycoconjugates in the entire reproductive system of the
male horse.

The aim of this study was to localize six lectins, Dolichos
biflorus agglutinin (DBA), soybean agglutinin (SBA), Ban-
deraea simplicifoia BS-1 (isolectin B4), Triticum vulgaris
(WGA), Arachis hypogaea (PNA), and Ulex europaeus
(UEA-I), in the reproductive tissues of male thoroughbred
horses.
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Materials and methods

Animals

Two two-year-old male thoroughbred horses were kindly
supplied by Stud Farm of Korea Racing Association (Jeju),
and the male reproductive organs were surgically removed
under local anesthesia.

Sampling procedure

The testis, epididymal ducts and ductus deferens of each
horse were fixed in 10% buffered formalin for 48 hrs to
prepare for histological examination.

Histological examination

Specimens were fixed in 10% buffered formalin,
embedded in paraffin, sectioned at 5 , and stained with
hematoxylin and eosin using routine histological techniques.
All paraffin-embedded tissue sections stained for the lectin
study were from normal horses.

Lectins used in this study

The lectins used in this study were Banderaea sim-
plicifolia agglutinin (peroxidase-labeled isolectin B4 Sigma,
St. Louis, MO), Dadlichos bhiflorus agglutinin (peroxidase-
labeled DBA, Sigma), glycine max agglutinin (peroxidase-
labeled SBA, Sigma), Triticum vulgaris agglutinin (peroxidase-
labeled WGA, Sigma), Arachis hypogaea agglutinin (peroxidase-
labeled PNA, Sigma) and Ulex europaeus agglutinin |

(peroxidase-labeled UEA-I, Sigma).

Histochemistry

Tissues were dehydrated by immersion in a graded
ethanol series (70, 80, 90, 95 and 100%), cleared in xylene,
embedded in paraffin wax, and sectioned at 5y (m on a
microtome. The sections were mounted on glass microscope
slides, the wax was removed, and the sections were
hydrated. Endogenous peroxidase activity was blocked with
0.3% hydrogen peroxide in methana for 30 min. After three
washes with PBS, the sections were exposed to 10% normal
horse serum, and then incubated with DBA-peroxidase
(diluted 1:10), SBA-peroxidase (diluted 1:400), isolectin B4
peroxidase (diluted 1:50), WGA-peroxidase (diluted 1:20),
PNA-peroxidase (diluted 1:10), or UEA-I-peroxidase (diluted
1:10) for 3 hrs at room temperature. Peroxidase was
developed with diaminobenzidine (DAB)-hydrogen peroxide
solution (0.001% 3,3' -diaminobenzidine and 0.01% hydrogen
peroxide in 0.05 M Tris buffer). The sections were coun-
terstained with hematoxylin before being mounted.

Results

Histological examination confirmed that all tissues,
including testis, epididymal duct and ductus deferens,
showed no pathological changes (Fig. 1).

In the testis, SBA (Fig. 2B), WGA (Fig. 2E), and UEA-1
(Fig. 2F) were specifically detected in the epithelial cells.

Fig. 1. Histdogical findings in the male reproductive system of thoroughbred horses. There was no inflammation in the testis
(A), caput epididymis (B), corpus epididymis (C), cauda epididymis (D), or ductus deferens (E). Hematoxylin-eosin staining.

Scale bar = 30y m.
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Fig. 2. Immunohistochemical detection of DBA (A), SBA (B), isdectin B4 (C), PNA (D), WGA (E), and UEA-I (F) in the
testis of thoroughbred horses. SBA (B), WGA (E) and UEA-1 (F) were specifically detected in the epithelial cells. The
secondary spermatids were largely positive for SBA (B), WGA (E), and UEA-I (F). SBA (B) and WGA (E) were also detected
in the spermatocytes (arrow). Isolectin B4 (C) and WGA (E) were detected in interstitial cells, while DAB (A) and PNA (D)
were localized in a few cells. Counterstaining was with hematoxylin. Scale bar = 30y m.

Secondary spermatids were largely positive for SBA (Fig.
2B), WGA (Fig. 2E), and UEA-I (Fig. 2F). SBA (Fig. 2B) and
WGA (Fig. 2E) were also detected in the spermatocytes.
Isdectin B4 (Fig. 2C) and WGA (Fig. 2E) were detected in
interstitial cells, while DAB (Fig. 2A) and PNA (Fig. 1D)
were localized in very few cells.

In the epididymis, DBA, isolectin B4, PNA, WGA, and
UEA-I were detected the caput epididymis (Fig. 3). DBA
(Fig. 3A), SBA (Fig. 3B), PNA (Fig. 3D) and WGA (Fig. 3E)

were strongly detected in the stereccilia of the caput
epididymis. Isolectin B4 (Fig. 3C) and WGA (Fig. 3E) were
also detected in the spermatocytes. WGA was strongly
detected in the connective tissue (Fig. 3E), and UEA-I was
weakly detected in the sterocilia (Fig. 2F).

In the corpus epididymis, the stereocilia in particular was
positive for DBA (Fig. 4A), SBA (Fig. 4B), PNA (Fig. 4D),
WGA (Fig. 4E) and UEA-I (Fig. 4F), but no isolectin B4
(Fig. 4C) was detected. Isalectin B4 (Fig. 4C) and WGA (Fig.
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Fig. 3. Immunohistochemical detection of DBA (A), SBA (B), isolectin B4 (C), PNA (D), WGA (E), and UEA-l (F) in the
caput epididymis of thoroughbred horses. DBA (A), SBA (B), PNA (D), and WGA (E) were strongly detected in the stereocilia.
Isdectin B4 (C) and WGA (E) were also detected in the spermatocytes (arrow), and WGA was strongly detected in the
connective tissue (E). UEA-I was detected in a few sterocilia (F). Counterstaining was with hematoxylin. Scale bar = 30y m.

4E) were detected in the connective tissue, and UEA-l was
detected in the spermatocytes (Fig. 4F). Some basal cells
were weakly positive for WGA (Fig. 4E).

In the cauda epididymis, some stereccilia were intensely
positive for SBA (Fig. 5B) and UEA-l (Fig. 5F). In the
epithelial cells, only UEA-I was detected (Fig. 5F). DBA
(Fig. 5A) and PNA (Fig. 5D) were not detected in any cauda
epididymis cells. Isolectin B4 (Fig. 5C) and WGA (Fig. 5E)
were detected in the connective tissue.

In the ductus deferens, all lectins (Fig. 6) except isolectin
B4 (Fig. 6C) and UEA-lI (Fig. 6F) were detected in the
stereocilia. No lectins were detected in the epithelial cells.
The histochemical reactions of the lectins in the testis,
epididymis, and ductus deferens are summarized in Table 1.

Discussion

Lectins are useful histochemical markers for examining
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Fig. 4. Immunohistochemical detection of DBA (A), SBA (B), isolectin B4 (C), PNA (D), WGA (E), and UEA-l (F) in the
corpus epididymis of the thoroughbred horses. Stereocilia were positive for DBA (A), SBA (B), PNA (D), WGA (E), and UEA-I
(F), but no isdlectin B4 (C) was detected. Isdectin B4 (C) and WGA (E) were detected in the connective tissue. UEA-I (F,
arrow) was detected in the spermatocytes. Some basal cells were weakly positive for WGA (E, arrowhead). Counterstaining

was with hematoxylin. Scale bar = 30y m.

the emergence and distribution of glycoconjugates during
cellular differentiation [1] and they can be used to detect
differences between morphologically different, or even
similar, cell types in numerous tissues [11].

This is the first study to examine the binding of six
different lectins, including DBA, SBA, isolectin B4, WGA,
PNA and UEA-I, in thoroughbred horses. The lectins showed
consistent hinding in the sterocilia of seminiferous tubules,
while only limited binding to spermatocytes was seen. WGA

lectin was strongly detected in the reproductive ducts. These
findings suggest that each glycoprotein has a specific pattern
depending on its location in the male reproductive tubules.
Several studies have shown that lectins have binding
sites in the covering epithelia found in the male repro-
ductive systems of horses [9], bulls [1], and rats [2]. The
present study is largely consistent with these studies.
There is a general agreement that in the thoroughbred
horse, the detection of particular glycoproteins by lectins
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Fig. 5. Immunohistochemical detection of DBA (A), SBA (B), isolectin B4 (C), PNA (D), WGA (E), and UEA-I (F) in the
cauda epididymis of thoroughbred horses. Some stereocilia were intensely positive for SBA (B) and UEA-I (F). In the
epithelial cells, only UEA-I was detected (F). DBA (A) and PNA (D) were not detected in any cauda epididymis cells. Isolectin
B4 (C) and WGA (E) were detected in the connective tissue. Counterstaining was with hematoxylin. Scale bar = 30y m.

reflects the presence of terminal sugar residues. The
sequential biosynthetic steps might depend on glycosylt-
ransferase activity, which changes during cel maturation [11].

The six lectins examined in the present study were also
expressed in cell groups in the tissues of the reproductive
tubules. Based on the distribution of the lectins, DBA, SBA,
isolectin B4, WGA, PNA and UEA-I, these cells may be
active in the digestion of absorbed material and are pro-
bably derived from the principal cells, which may be active

in transporting absorbed material in the testis, epididymis
and ductus deferens in the horse.

In the present study, it was confirmed that degenerating
cells in the testis, epididymal tubules, and ductus deferens
showed a differential affinity for lectins. This suggests that
in the horse, some lectins are involved in cell degeneration,
either as a cause or a consequence. Additionally, the hetero-
geneity of the lectin staining patterns in the reproductive
tubules of the adult thoroughbred horse suggests that the
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Fig. 6. Immunohistochemical detection of DBA (A), SBA (B), isolectin B4 (C), PNA (D), WGA (E), and UEA-l (F) in the
ductus deferens of the thoroughbred horses. All lectins were detected in the stereocilia (A-B and D-E), except isolectin B4
(C) and UEA-I (F). No lectins were detected in the epithelial cells. Counterstaining was with hematoxylin. Scale bar = 30y m.

carbohydrate composition of each cell type is different. The epithelia have a specific glycoprotein in the reproductive
functional role of each lectin needs further study. system of male horses, which may function to control germ
Taken together, these results suggest that covering cell development and maturation along the ductal system.
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Table 1. Histochemical lectin staining pattern in various cell types in the reproductive system of two-year-old thoroughbred
horses (+, weak; ++, moderate; +++, intense)

DBA

SBA

Isolectin B4 PNA WGA UEA-

Testis

Primary Spermatid
Secondary Spermatid
Spermatocyte

Sertali cell
Interstitial cell

Caput epididymis

Stereodilia
Epithelium

Basal cell
Spermatocyte
Connective tissue

Corpus epididymis

Stereodilia
Epithelium

Basal cell
Spermatocyte
Connective tissue

Cauda epididymis

Stereodilia
Epithelium

Basal cell
Connective tissue

Ductus deferens

Stereodilia
Epithelium
Serosa
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