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Abstract

Introduction: This study aimed to determine the distribution of glycoconjugates found in sheep (Ovis aries) 
parotid glands by lectin histochemistry. Methods: Following routine histological tissue processing, tissue sections 
were labelled with the lectins Con-A (Canavalia ensiformis), UEA-I (Ulex europaeus), BSA-I-B4 (Bandeiraea 
simplicifolia), PNA (Arachis hypogaea), WGA (Triticum vulgaris) and SBA (Glycine max). Results: The results 
of lectin staining indicated that fucose sugar was the most abundant sugar on the surface of serous cells, although 
absence of N-acetylgalactosamine on the serous cells surface. Fucose, N-acetylglucosamine, mannose, galactose, 
and N-acetylgalactosamine were present on the surface of duct cells. All lectins stained with duct epithelial cells 
in a similar manner – from weak to moderate. Serous cells were labelled with all the lectins, except for PNA, in 
various degrees. Conclusion: The data obtained from this study can provide new insight into characterizing 
the glycoconjugate profiles in different species in an effort to be capable of understanding detailed structure 
and function of parotid gland in both normal- and abnormal states. 
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1 Introduction

Terrestrial animals possess salivary glands, which are exocrine 
glands that are scattered throughout the oral cavity and also 
located outside of oral cavity (MILETICH and TUCKER, 
2010; MESCHER, 2013). Salivary glands are classically divided 
into major and minor salivary glands. Major salivary glands 
are large glands located at a distance from the oral mucosa, 
which empty their secretions in the oral cavity through long 
extra-glandular ducts. Major salivary glands comprise three pairs 
of glands, namely the parotid, submandibular and sublingual 
glands, which secrete 90% of the total saliva (MILETICH and 
TUCKER, 2010). Parotid glands, which are the largest ones, 
are located at a retromandibular position and have a branched 
acinar structure produce about 25-35% of the total saliva. 
The serous cell predominates in the parotid, making the gland 
secrete a mainly serous secretory product (BATH-BALOGH 
and FEHRENBACH, 2011; HAND and FRANK, 2015).

Saliva performs a wide array of physiologic and protective 
functions, some of which are related to its fluid properties 
and others to its specific content of a variety of molecules 
(PEDERSEN, BARDOW, JENSEN et  al., 2002). Being a 
saliva liquid in nature primarily lubricates the oral mucosa 
lining the inside of the mouth and moistens food bites. 
As such, it cleans the oral cavity by flushing away food debris 
and bacteria, helps with mastication and swallowing of the 
food bolus, facilitates speech, and, last but not least, allows 
taste perception by solubilizing food chemicals, an essential 
step for the stimulation of receptor cells of the taste buds 
(ZELLES, PURUSHOTHAM, MACAULEY et al., 1995; 
REECE, 2005; GRÖSCHL, 2009). Although mostly composed 
of water, saliva also contains electrolytes and an incredible 
variety of proteins and peptides that fulfil numerous functions. 

Specific components actively secreted in the saliva are key to 
maintaining the good health of the oral cavity. Saliva protects 
the teeth through the presence of negatively charged proteins 
that bind to hydroxyapatite minerals on the enamel surface of 
tooth crowns. Through its high bicarbonate concentration, 
it buffers acids produced by the dental plaque bacteria when 
carbohydrates are fermented, thereby preventing tooth decay 
(ZELLES, PURUSHOTHAM, MACAULEY et al., 1995; 
KOEPPEN and STANTON, 2008; GRÖSCHL, 2009; 
GUYTON and HALL, 2010). Saliva also provides protection 
to the oral mucosa lining the inside of the mouth, via an array 
of antimicrobial agents including secretory immunoglobulin A, 
lysozyme and lactoperoxidase (ZELLES, PURUSHOTHAM, 
MACAULEY et al., 1995; SCANLON and SANDERS, 2007; 
GRÖSCHL, 2009; TORTORA and DERRICKSON, 2012). 
In addition to its defensive role, saliva also initiates the digestion 
of starches and a small fraction of triglyceride lipids through 
α-amylase and lipase enzymes, respectively (KOEPPEN and 
STANTON, 2008; GUYTON and HALL, 2010; MESCHER, 
2013). However, these two enzymes are considered to be of 
minor significance in healthy individuals since they are rapidly 
inactivated by gastric acidity. Apart from components having 
an obvious function, saliva also exhibits a tremendous variety 
of biologically active proteins in the form of growth factors 
and other small peptides (ZELLES, PURUSHOTHAM, 
MACAULEY et al., 1995; GRÖSCHL, 2009).

In addition to those mentioned above, the saliva comprises 
a considerable amount of mucus. Glycoproteins present in 
the mucus participate in many cellular processes and play an 
active role in recognizing the cell surface by viruses and other 
substances (ÜNÜBOL and UYSAL, 2010). Mucin glycoproteins 
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have all characteristics of a protein, and of sugars under certain 
conditions. Enzymes, radioactive labelling, antibodies and 
lectins are used to identify the sugar residues in the cells. In this 
respect, use of the lectins has become even more important 
in recent years (KARAÇALI, 2003).

Lectins are proteins or glycoproteins, which are of non-immune 
origin and are derived from plants, animals, or microorganisms 
that have specificity for terminal or subterminal carbohydrate 
residues. Lectin histochemistry can provide an extremely sensitive 
detection system for changes in glycosylation and carbohydrate 
expression that may occur during embryogenesis, growth, and 
disease. Lectin histochemistry can also reveal subtle alterations 
in glycosylation between otherwise indistinguishable cells 
(RHODES and MILTON, 1998; ROTH, 2011). Some studies 
have been carried out to determine the glycoconjugates found 
in parotid glands of some species by lectin histochemistry 
(SCHULTE and SPICER, 1983, 1984; LADEN; SCHULTE 
and SPICER, 1984; TOLSON, DALEY and WYSOCKI, 1985; 
JEZERNIK and PIPAN, 1986; VIGNESWARAN, HANEKE 
and HORNSTEIN, 1989; ACCILI, MENGHI, BONDI et al., 
1992; GARGIULO, PEDINI and CECCARELLI, 1993; 
PEDINI, CECCARELLI and GARGIULO, 1994, 1995; 
PEDINI, CECCARELLI, GARGIULO et al., 1997; KIMURA, 
HABATA, ENDO  et  al., 1998; SÖZMEN, BROWN and 
EVESON, 1999; ADNYANE, WRESDIYATI, WIBAWAN et al., 
2006; MUNYALA, LIUMSIRICHAROEN, PONGKET et al., 
2009; SOBRAL, REGO, CAVALACANTI et al., 2010). To the 
best of our knowledge, there is no study that determines the 
distribution of glycoconjugates in sheep (Ovis aries) parotid 
glands by use of lectins. This study aims to determine the 
glycoconjugates in sheep parotid glands using six lectins 
(UEA I, Con-A, BSA-I-B4, WGA, SBA and PNA).

2 Materials and Methods

2.1 Tissue processing 
Samples of parotid glands of 10 adult sheep (Ovis aries) supplied 

from Isparta Slaughter House and Gülköy Meat Integrated 
Plant (Isparta, Turkey) were immediately immersed in Bouin’s 
fixative and fixed for 16 to 18 hours at room temperature. 
After fixation and washing three times in 50% of alcohol, the 
tissues were dehydrated in series of ascending ethanol, cleared 
in xylene and embedded in paraffin. Serial 5-7 µm-thick sections 
were cut and collected on albumin-coated slides.

2.2 Lectin histochemistry

Lectin histochemistry was employed to determine the 
distribution and characters of glycoconjugates in parotid glands 
of sheep. According to this procedure, after dewaxing in xylene 
and rehydrating in descending grades of ethanol, the sections 

were washed in distilled water. The sections were incubated 
with 0.3% H2O2 (v/v) in absolute methanol for 10 minutes at 
room temperature in order to block endogenous peroxidase 
activities. After rinsing in distilled water and washed in 0.01 M 
PBS (Phosphate Buffered Saline) (pH 7.2) containing 1% BSA 
(Bovine Serum Albumin), the sections were then incubated 
with a panel of Horseradish Peroxidase (HRP)-conjugated 
lectins for 30 minutes at room temperature and washed in 
PBS. The HRP-conjugated lectins, their binding specificities 
and optimal concentrations used in this study are listed at 
Table 1. The lectin binding sites were then visualized by DAB 
(3,3-diaminobenzidine tetrahydrochloride) for 10 minutes 
at room temperature and appeared as brown or dark-brown 
colors. Slides developed with DAB were washed in distilled 
water, dehydrated in ascending grades of alcohol, cleared in 
xylene, permanently mounted with Entellan and examined 
under light microscope (Olympus, CX 41) and photographed 
using a digital camera mounted on the microscope.

2.3 Negative control

The sections were incubated with free-lectin PBS for 30 min 
at room temperature and the same procedure was followed.

3 Results

The lectin histochemical staining demonstrated positive 
reactions of various intensities for different glycoconjugates in 
the secretory endpieces of the parotid salivary gland of sheep 
(Ovis aries). The main findings are summarized in Table 2. 
A very strong reaction to the lectin UEA-I was disclosed on the 
surfaces of glandular epithelial cells in serous corpus glandula, 
whereas a moderate reaction against this lectin was detected 
in the cytoplasm of the glandular epithelial cells. The lectin 
UEA-I stained weakly to moderately epithelial cells of the duct 
although a stronger to strong reaction to UEA-I showed on 
the luminal surfaces of duct (Figure 1). A moderate reaction 
to the lectin Con-A was detected on the apical surfaces of 
glandular epithelial cells in serous corpus glandula, as a weak 
reaction against this lectin was noticed in the cytoplasm of the 
glandular epithelial cells. The lectin Con-A stained weakly to 
moderately epithelial cells of the duct although a moderate to 
strong reaction to Con-A showed on the luminal surfaces of 
duct (Figure 2). A moderate reaction to the lectin BSA-IB4 
was detected on the apical surfaces of glandular epithelial cells 
in serous corpus glandula, while a weak reaction against this 
lectin was observed in the basal parts of the serous glandular 
epithelial cells. Even though a strong to stronger reaction 
with BSA-IB4 was observed in the ducts and on the apical 
surface of epithelial cells in the duct, this reaction was weak 

Table 1. Lectins used in histochemical studies on the sheep parotid gland.

Lectin (Acronym) Carbohydrate binding specificitya,b Concentration (µg/mL)
Canavalia ensiformis (Con-A) αMan>αGlc>αGlcNAc 50 µg/mL
Ulex europaeus (UEA-I) αL-Fuc 25 µg/mL
Bandeiraea simplicifolia (BSA I-B4) αGal>αGalNAc 25 µg/mL
Arachis hypogaea (PNA) Galß1,3GalNAc>α and βGal 25 µg/mL
Triticum vulgaris (WGA) GlcNAc(β1,4GlcNAc)1-2> βGlcNAc >Neu5Ac 25 µg/mL
Glycine max SBA α-GalNAc=β-GalNAc>α-Gal 25 µg/mL
aCarbohydrate specificities of lectins are according to Liener, Sharon and Goldstein (1986); bAbbreviation: Man, mannose; Glc, glucose; 
GlcNAc, N-acetylglucosamine; Gal, galactose; Neu5Ac, 5-acetylneuraminic acid; GalNAc, N-acetylgalactosamine; Fuc, fucose; Neu5Gc, 
5-glycolylneuraminicacid; NeuNAc, N-acetylneuraminic acid.
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in the nucleus (Figure 3). Some glandular epithelial cells in 
the serous corpus glandula and ductal epithelial cells showed a 
weak reaction with SBA. This reaction with SBA was strong to 
stronger on the surfaces of the ductal epithelial cells (Figure 4). 
Any glandular epithelial cell of serous corpus glandula showed 
no reaction with PNA. Conversely, a strong to stronger reaction 
against PNA observed on the surfaces of ductal epithelial cells, 
with a moderate reaction to PNA in the ductal epithelial cells 
(Figure 5). Glandular epithelial cell of serous corpus glandula 
showed a reaction with WGA from weak to strong. A strong 

to stronger reaction against WGA observed on the surfaces 
of ductal epithelial cells, while it was a weak reaction to WGA 
in the ductal epithelial cells (Figure 6).

4 Discussion

Glycoconjugates play important roles in tissue formation 
and undergo changes in their characteristics and distribution as 
the cells differentiate and age (OMELYANENKO, SLUTSKY 
and MIRONOV, 2013). Lectin staining makes it possible to 

Table 2. General pattern of lectin staining in the ovine parotid gland.

Cell Type UEA-I Con-A BSA-IB4 PNA SBA WGA
Serous corpus 
glandula

Cell surface 4 2 1 0 0/1 1/2
Epithelial cells 2 1 2 0 1 1/3

Excretory ducts Cell surface 3/4 3/4 3/4 3/4 3/4 3/4
Epithelial cells 1/2 1/2 1 2 1 1

Reaction intensity: 0= no reaction visible; 1= weak; 2= moderate; 3= strong; 4= very strong.

Figure 1. Strong to very strong UEA-I staining on the luminal 
surface (thin arrows); weak to moderate UEA-I staining at ductal 
epithelial cells (Thick arrows). x200.

Figure 2. Moderate to strong Con-A staining on the luminal 
surface (thin arrows); weak to moderate Con-A staining at ductal 
epithelial cells (Thick arrows). x200.

Figure 3. Strong to very strong BSA-I-B4 staining on the luminal 
surface (thin arrows); weak BSA-I-B4 staining at ductal epithelial 
cells (Thick arrows). x200.

Figure 4. Strong SBA staining on the luminal surface (thin arrows); 
weak SBA staining at ductal epithelial cells (Thick arrows). Scale: 
x200.
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identify various types of glycoconjugates. Ikeda and Aiyama 
(1997, 1999) showed that the secretory granules of the early 
postnatal rat parotid gland mucous cells react with SBA, PNA 
and WGA lectins. This finding confirmed that the mucous cells 
on the onset of gland development contained β-D-galactose 
(β-D-Gal), α-D-Nacetylgalactosamine (α-D-GalNAc) and 
β-D-Nacetylglucosamine (β-D-GlcNAc). After the 10th day 
of gland development, mucous cells changed into serous cells, 
which initially react weakly positively with PNA, SBA and 
WGA. The staining with these lectins become more intense 
starting from 10th day. Therefore, this validated that serous 
cells contained α-D-GalNAc-D-GalNAc in addition to β-D-Gal, 
α-D-GalNAc and β-D-GlcNAc. These results have suggested 
that α-D-GalNAc-D-GalNAc is a sugar residue that is specific 
to mature serous granules, and that the extensive maturation 
of serous granules occurs after the disappearance of mucous 

granules. Thus, the mucous cells may play an important role in 
producing glycoconjugates until the serous cells have appeared 
and fully matured. Almost similar types of results have been 
reported by Takada, Aiyama, Ikeda and Okamoto (2001) in 
early postnatal mouse parotid gland as well.

Positive reaction of acinar cells to SBA indicated that 
N-acetylgalactosamine could be a terminal sugar residue 
only in the ß-anomeric form (PEDINI, CECCARELLI and 
GARGIULO, 1994). In our study, UEA-I stained acinar cells 
homogeneously unlike the study of Pedini, Ceccarelli and 
Gargiulo (1994). These differences between morphologically 
similar acinar cells in the ovine and canine parotid glands may 
be related to activation and/or deactivation of glycosidases 
and glycosyltransferase during the anabolic and catabolic 
phases of secretory glycoconjugate metabolism (ACCILI, 
MENGHI and MATERAZZI, 1989). Besides, UEA-I can be 
attributed to the presence of fucose in O-glycosidically linked 
secretory glycoproteins (SCHULTE and SPICER, 1983). 
Our staining with Con-A and WGA is in line with the results 
of Pedini, Ceccarelli and Gargiulo (1994) shown moderate and 
strong staining pattern with ConA and WGA, indicating that 
glycoconjugates containing mannose and N-acetylglucosamine 
were homogeneously presence in acinar cells.

Gargiulo, Pedini and Ceccarelli (1993) have reported that 
all serous cells in the horse parotid gland were unreactive with 
the lectins SBA, UEA-I, PNA and WGA employed. This is 
entirely contrary to our present findings, except for no reaction 
to PNA in serous epithelial cells. Of two lectins DBA and SBA 
exhibiting a similar affinity for α-D-GalNAc in the study of 
Gargiulo, Pedini and Ceccarelli (1993), the fact that SBA did 
not react with serous cells in the horse parotid gland but with 
ones in the ovine parotid gland means that DBA has a higher 
affinity for α-D-GalNAc than SBA in at least horse. However, 
an extreme discrepancy between these two species may result 
from several reasons such as the purity of lectins used and their 
vendor, preparation of lectin solutions in the laboratory and 
an unknown methodological fault. Because the products of 
both serous cells and mucous cells may undergo a substantial 
change during tissue processing due to their contents.

Laden, Schulte and Spicer (1984) have reported that serous 
cells in human parotid gland stained very weakly with the 
lectins BSA-IB4, SBA and UEA-I in an autopsy study. Likewise, 
McMahon, Benbow, Lofthouse et al. (1989) indicated that 
serous cells in the human parotid gland reacted with the lectins 
Con-A, BSA-IB4, SBA, UEA-I and WGA from very weakly to 
moderately. These results are similar to our findings, although 
relatively little to moderate variations.

Munyala, Liumsiricharoen, Pongket et al. (2009) stated that 
the lectins Con-A, SBA, UEA-I and WGA staining is positive 
in the serous cells of Malayan pangolin (Manis javanica), 
especially with a large amount of mannose. These results show 
similarity with our findings, besides finding similar results in 
fallow - deer (PEDINI, CECCARELLI, GARGIULO et al., 
1997) and lesser mouse deer (ADNYANE, WRESDIYATI, 
WIBAWAN et al., 2006).

In a study on human parotid gland mucoepidermoid 
carcinoma, Sobral, Rego, Cavalacanti  et  al. (2010) have 
reported that acinar and luminar cells of the excretory cell 
in normal parotid gland were recognized by UEA-I but not 
Con-A with a weak staining pattern. Depending on grades 
of mucoepidermoid carcinoma, however, tumors exhibited a 
variable staining pattern with the lectins UEA-I and Con-A, 

Figure 5. Strong PNA staining on the luminal surface (thin arrows); 
moderate PNA staining at ductal epithelial cells (Thick arrows). 
Scale: x200.

Figure 6. From weak, moderate to strong WGA staining on 
the luminal surface (thin arrows); weak WGA staining at ductal 
epithelial cells (Thick arrows). Scale: x200.
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besides observing stronger staining with UEA-I than with 
Con-A.

In conclusion, lectins and their complimentary carbohydrates 
are located on the surfaces of opposing cells, which can be of 
the same type or different types. Their interactions are required 
for cell differentiation, development, and most importantly, 
pathological states in which harmful cells, e.g. cancer cells, 
can use carbohydrate moieties to escape recognition by the 
immune cells as they migrate through the body. Therefore, it 
is essential that characterization of the glycoconjugate profiles 
in different species could be understood detailed structure and 
function of parotid gland in both normal- and abnormal states.
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