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Abstract: The present study is the most comprehensive representation of lectin binding sites in various structural 
components of the lingual tonsil of six adult healthy buffaloes. The study was useful in determining the specific binding 
affinities of sixteen lectins of the N-acetylglucosamine group, i.e., Triticum vulgaris (WGA), succinylated Triticum vulgaris 
(s-WGA), Lycopersicon esculentum (LEL), Datura stramonium (DSL), Solanum tuberosum (STL); N-acetylgalactosamine 
group, i.e., Glycine max (SBA), Dolichos biflorus (DBA), Ricinus communis (RCA), Vicia villosa agglutinin (VVL); 
galactose group i. e Griffonia simplicifolia isolectin B4 (GS1B4), Arachis hypogaea (PNA), Artocarpus integrifolia 
(Jacalin), Erythrina crisa-galli (ECL); and glucose/mannose group i.e. Canavalia ensiformis (Con A), Lens culinaris 
agglutinin (LCA), Pisum sativum agglutinin (PSA) at structures of the lingual tonsil. The stratum spinosum of stratified 
squamous epithelium and modified reticular epithelium was strongly demarcated by lectins of the N-acetylglucosamine 
group. In addition, VVL, jacalin, and Con A lectins also showed strong responses for the same layer. The RCA, PNA, 
Con A, and PSA were the best markers for the collagen fibers of the subepithelial connective tissue. The lymphoid cells 
of the inter- and parafollicular region possessed receptors for ECL, WGA, and Con A. In contrast, the germinal center B 
cells were labeled only by the lectins of the glucose/mannose group. The mucosal secretions and the endothelium of the 
blood vessels were predominantly composed of glucosamine, sialic acid, and galactosamine sugars. The characteristic 
localization of lectins suggests the presence of specific receptor sites that may be useful for studying early disease 
pathogenesis and developing oral vaccines. In addition, the study will provide a database for comparing histochemical 
changes in different disease states. 
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INTRODUCTION  

The light and ultrastructure of the lingual tonsils of 
buffaloes have been studied in detail [1, 2]. The tonsils, 
the mucosa-associated lymphoid tissue, act as ports of 
entry for various pathogens and are involved in the 
uptake of antigens from the mucosal immune system, 
especially towards the reticular epithelium. The lingual 
tonsil has a stratified, keratinized squamous epithelium 
on the free surface that transforms into a non-
keratinized, reticular epithelium due to infiltration of the 
underlying lymphoid tissue, and it is vulnerable to a 
variety of harsh feeds and constant exposure to 
antigens. The mucous secretions of the glandular 
tissue were strongly positive for acidic and neutral 
mucopolysaccharides, mucins, glycogen, weakly 
sulfated mucopolysaccharides, hyaluronic acid, and 
sialomucins [1]. 

Lectins have been used as a tool for histochemical 
qualitative detection of glycoconjugate expression of 
various sugars at different tissue or organ sites [3, 4]. 
Lectins are proteins or glycoproteins with specific 
affinity for carbohydrate moieties of glycoconjugates,  
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which are the major components of the glycocalyx of 
many cell types and are involved in osmoregulation, 
cell-to-cell recognition, hormone binding, protection of 
the cell from phagocytosis and desiccation, 
differentiation, defense, and ion transport [5]. Different 
cell types in their normal state of health and, as they 
transform into diseased cells, express different glycan 
arrangements, and this specificity can be exploited by 
using lectins as carrier molecules for targeted drug 
delivery [6]. Furthermore, this receptor-mediated bio-
adhesion can be used to trigger vesicular transport into 
or through polarised epithelial cells [7]. The conjugation 
of drug formulations to lectins as carrier molecules or 
vice-versa has enhanced drug delivery to a particular 
group of cells or systemic circulation, as demonstrated 
in in vitro models [8]. Lectin-containing delivery 
systems, especially employing endogenous lectins to 
act as 'handles,' are a potential innovation for targeted 
and prolonged therapy within the mouth cavity [9]. 

A large amount of literature is available on the 
structure of the tonsils, but only a few passing 
references are available on lectin histochemistry [10, 
11]. The present study was planned to exhibit the 
localization of various sites in structural components of 
the tonsils by different categories of lectins that might 
be utilized for immunological studies by the 
researchers. The study's results will characterize 
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different sugar moieties present in the secretions with 
probable different functional significance. This will 
generate new information because of the very first 
extensive lectin histochemical study on the tonsil of 
buffalo amongst domestic animals.  

MATERIALS AND METHODS 

The present study was performed on six clinically 
healthy adult buffaloes (Bubalus bubalis), aged 5-6 
years, of a local mixed breed regardless of sex. The 
heads were procured from Ghazipur Municipal 
Slaughterhouse, New Delhi, India, immediately after 
their killing by the bolt gun method. There was no need 
for approval from the Institutional Animal Ethical 

Committee as the tissues were collected from the 
slaughterhouse. Tissue was removed from the lingual 
tonsils and preserved in liquid nitrogen. Small pieces of 
the frozen tonsils were embedded in tissue freezing 
medium to make blocks, and frozen sections of 6-8 µ 
cut with a cryostat were collected on glass slides 
treated with a 2% solution of 3-aminopropyltriethoxy-
silane and stored in a freezer at -20 °C. The slides 
were thawed and air-dried at room temperature for 30 
minutes. The sections were fixed in acetone for 20 
minutes at room temperature, air dried, and rehydrated 
in phosphate buffer saline (PBS) pH 7.4 for 10 minutes. 
The frozen sections were rimmed with a PAP pen 
(Sigma) to save the chemicals. The sections were 
treated with 0.3% H2O2 in PBS for 30 minutes to block 
endogenous peroxidase activity, washing in PBS, 

Table 1: Lectins used for the Present Study with Specific Sugar Moieties 

Lectin Common Name Acronym Major sugar moieties/ specificity 

N-acetylglucosamine group  

Triticum vulgaris Wheat germ  WGA N-acetyl-D-glucosamine and Sialic acid 
 (sia) (β-GlcNAc)  

Succinylated  
Triticum vulgaris 

Wheat germ,  
succinylated 

s-WGA N-acetylglucosamine 
(β-GlcNAc)  

Lycopersicon esculentum Tomato lectin  LEL [GlcNAc]1-3, N-Acetylglucosamine 

Datura stramonium Datura DSL [GlcNAc]1-3, N-Acetylglucosamine  

Solanum tuberosum  Potato lectin STL N-Acetylglucosamine (β-GlcNAc)  

N-acetylgalactosamine group 

Glycine max Soybean  SBA N-acetylgalactosamine 

Dolichos biflorus  Horse gram DBA α-linked N-acetylgalactosamine  
(α-GalNAc)  

Ricinus communis  Castor bean RCA N-acetylgalactosamine  

Vicia villosa agglutinin  Hairy vetch VVL α- or β-linked terminal N-acetylgalactosamine  

Galactose group 

Griffonia simplicifolia isolectin B4  Africa shrub legume GS1B4  Terminal (1-3)-linked galactose epitopes 

Arachis hypogaea Peanut agglutinin PNA Galactose-β(1-3) N-acetylgalactosamine  
Gal-β(1-3)-GalNAc 

Artocarpus integrifolia  Jackfruit Jacalin Galactose, β (1,3) N-aetylgalactosamine  

Erythrina crisagalli  Coral tree ECL Galactose, N-acetylgalactosamine, Lactose  
β -Gal>β-GalNAc  

Glucose/Mannose group 

Canavalia ensiformis Concanavalin A Jack bean Con A 
 

Terminal α-D-mannosyl and α-D-glucosyl  
groups α-Man>α-Glc 

Lens culinaris agglutinin Common lentil  LCA 
 

α-linked Mannose, Glucose 
 specific for α-Man>α-Glc 

Pisum sativum agglutinin Pea PSA α-linked Mannose, Glucose 
specific for α-Man>α-Glc 

Gal: Galactose, GalNAc: N-acetyl-D-galactosamine, GlcNAc: N-acetyl-D-glucosamine, Sia: Sialic acid (N-acetylneuraminic acid). 
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followed by 1% bovine serum albumin (BSA) in PBS for 
45 minutes to block the binding of nonspecific antigens. 
Separate sections were incubated with biotinylated 
lectins (Table 1) purchased from Vector Lab. at a 
concentration of 10µg/ml in 0.2% gelatin-PBS for 1 
hour in a humidification chamber at room temperature. 
After washing three times with PBS (5 minutes each), 
the sections were incubated with streptavidin, Alexa 
Fluor™ 488 conjugate (2 µg/ml in PBS) for 30 minutes 
and washed again twice in distilled water (5 minutes 
each). Sections were embedded with coverslips in 
Mowiol containing 2.5% 1, 4-diazabicyclo [2.2.2] octane 
(DABCO) and viewed under a fluorescence microscope 
to capture micrographs. Control tonsil tissue sections 
were treated as described in the protocol above, except 
for the incubation step with biotinylated lectin to 
eliminate the possibility of nonspecific binding. 

RESULTS 

The lingual tonsil of buffaloes was lined by stratified 
squamous epithelium, keratinized to non-keratinized, 
with a varying number of rows in different layers. The 
epithelium toward the crypts was transformed into 
reticular epithelium in the region of the lymphoid tissue. 
The propria submucosa exhibited loose, irregular 
connective tissue, lymphatic tissue, blood vessels, and 

mucous glands. Frozen sections treated for lectin 
histochemistry yielded the following observations: 

N-Acetylglucosamine Group 

The five lectins of the N-acetylglucosamine group 
(WGA, s-WGA, LEL, DSL, and STL) showed a positive 
affinity for the majority of cells of the stratum basale. 
The intensity of the response was dramatically 
increased in the cells of the stratum spinosum (Figure 
1A-D). However, the reactivity of the lectins gradually 
decreased toward the superficial layers of the stratum 
granulosum. Eventually, the remaining cells of the 
stratum granulosum no longer showed a positive 
response to these lectins. The stratum corneum 
showed no positive affinity for any of the lectins of the 
N-acetylglucosamine group; however, the most 
superficial keratinized cell layers showed a positive 
response for these lectins (Figure 1D). The reticular 
epithelium also responded strongly to these lectins. 
The connective tissue of the propria submucosa, which 
consists mainly of collagen and reticular fibers, also 
showed a moderate positive affinity for these lectins, 
with the exception of s-WGA, which showed a 
comparatively weaker response. The various 
components of the lymphoid tissue were negative for 
binding of the lectins, with the exception of some 

 
Figure 1: Photomicrograph showing the presence of lectins of the N-acetylglucosamine group in the lingual tonsil of the buffalo. 
A strong positive reaction in the stratum spinosum (S), weak in stratum basale (b), and absence in the other strata. A. WGA x 
200 (bar 100 µm); B. s-WGA x 400 (bar 50 µm); C. DSL x 200 (bar 100 µm); D. In addition, note presence of lectin in the most 
superficial layers (arrow) and subepithelial connective tissue (c). STL x 100 (bar 200 µm). 
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Figure 2: Photomicrograph showing the presence of lectins of the N-acetylglucosamine group in the lingual tonsil of the buffalo. 
A. Presence of WGA in some of the lymphoid cells (arrow) of interfollicular area. x 200 (bar 100 µm); B. A weak to moderate 
reaction in the lymphocytes except for a few strongly positive lymphoid cells (arrow). LEL x 200 (bar 100 µm); C. Endothelium of 
the blood vessels (arrow) having a strong affinity for DSL x 100 (bar 200 µm); D. Note the presence of varying concentrations of 
LEL in the endothelium of the blood vessels (arrow) and glandular acini (g). x 100 (bar 200 µm). 

 

 

 
Figure 3: Photomicrograph showing the presence of GlcNAc lectins in the lingual tonsil of the buffalo. A. A positive reaction in 
the glandular acini (g) and endothelium of the blood vessels (arrow). STL x 100 (bar 100 µm); B. WGA x 100 (bar 100 µm); C. 
Note comparatively stronger reaction in the glandular acini(g). s-WGA x 100 (bar 200 µm); D. A higher magnification of glandular 
acini (g) showing varying reactions in different cells and luminal surfaces. s-WGA x 200 (bar 100 µm). 
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Table 2: Specificity of Different Lectins in Structural Components of the Lingual Tonsil of Buffalo 

N-acetyl glucosamine group 

Epithelium Lectin 

SB SS SG SC KL 

CT LT GL EN 

WGA +, ± +++ ± _ ++ ++ ± 
Few ++* 

+, ± ++ 

s-WGA +, ± +++ ± _ ++, RE ++ ± - +++, ± ++ 

LEL +, ± +++ ± _ ++, RE ++ ++ + 
Few +* 

++, ± +++ 

DSL +, ± +++ ± _ ++, RE - + -  +, ± +++ 

STL +, ± +++ ± _ ++, RE -  ++ + 
Few +* 

++, ± +++ 

N-acetyl galactosamine group 

SBA ± ± - - ++ ± - ++, ± ++ 

DBA ± ± - - ++ ± - ++, ± ++ 

RCA ± ± - - +, RE ± +++ - -, ± +++ 

VVL +, ± +++ - - ++, RE ± ± - ++, ± +++ 

Galactose group 

GS1B4  ± ++ - - ++ 
 RE +++ 

+  +* ++ 
 

++ 

PNA ± ± - - - 
RE± 

+++ 
 

±* -, ± ± 

Jacalin + +++ -, ± - ++ 
RE± 

+ ++* +++ 
 

++ 

ECL ± ± - - ++ 
RE± 

++  +++* 
+** 

-, ± ++ 

Glucose/Mannose group 

Con A ++ +++ ++, ± - ++ 
RE- 

+++  ++* 
 ++** 

-, ± ++ 

PSA ± + -- -  +++ 
RE- 

+++ 
 

 +* 
+** 

-, ± 
 

+ 

LCA +, ± ++ +, ± - ++ 
RE- 

++  +* 
+** 

±, ++ + 

SB-stratum basale; SS-stratum spinosum; SG-stratum granulosum; SC-stratum corneum; KL-keratinised layer; RE-reticular epithelium; CT-connective tissue; LT-
lymphoid tissue; GL-glands; EN-endothelium. 
± weak to absent, + weak, ++ moderate, +++ strong, * inter and parafollicular, ** germinal centre. 

isolated lymphoid cells and probably macrophages in 
the interfollicular areas (Figure 2A). The lectin LEL 
additionally showed an affinity for lymphocytes in the 
interfollicular region (Figure 2B), whereas the DSL 
showed no positivity for any type of lymphoid cell. A 
strong positive response was observed at the luminal 
surface of blood vessels belonging to the endothelium 
(Figures 2C, D, and 3A, B), with WGA and s-WGA 
lectins showing comparatively lower positivity (Figure 
3C). The mucous acini were positive for all of these 
lectins, but the localization pattern was different for the 
different lectins in the group (Figures 2D and 3A-D). 

Some of the glandular lobules had strongly positive 
acini, whereas the others were completely devoid of 
positive reaction. A few lobes had a mixed distribution 
of acini, showing both the presence and absence of 
activity. A comparatively higher lectin concentration 
was observed on the luminal surface of the glandular 
acini. Most of the glandular ducts showed no positive 
response, except for the interlobular ducts, which 
showed a strong positive response in the form of a 
plexus toward their lumen (Figure 3C). Increased 
affinity for the lectin s-WGA was observed in all of the 
above glandular components (Figure 3C, D). The 
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negative control sections showed no fluorescence, 
indicating that there was no false-positive reaction. The 
positive responses in different components of the 
tonsils were qualitatively shown (Table 2). 

N-Acetylgalactosamine Group 

The N-acetylgalactosamine group (SBA, DBA, RCA, 
and VVL) of lectins showed weak localization in the 
strata basale and spinosum, absence in the stratum 
granulosum, and moderate in the most superficial cells 
of the keratinized layer, with the exception of VVL, 
which showed a positive response similar to that of the 
N-acetylglucosamine group (Figure 4A, B). These 
lectins bind only weakly to the reticular epithelium 
(Figure 4C). The connective tissue, especially in the 
subepithelial area and at the periphery of the glandular 
acini, was very strongly positive for the lectin RCA. The 
connective tissue for the other lectins in the group 
showed a weaker response. These lectins showed no 
positive affinity for any population of lymphoid cells. 
The endothelium of the various types of blood vessels 
showed a strong positive response for the lectins RCA 
and VVL and a comparatively weaker response for the 
lectins SBA and DBA. The lectins in this group 

occurred moderately to strongly in some of the 
glandular acini, with the exception of RCA, where no 
positivity was observed. The distribution pattern of 
these lectins was also similar to that of the previous 
group; that is, positivity was not localized in all 
glandular acini (Figures 4D and 5A, B). 

Galactose Group 

The lectins of the galactose group (GS1B4, PNA, 
jacalin, and ECL) reacted less strongly to the different 
layers of the stratified squamous epithelium, except for 
the lectins jacalin and GS1B4, which showed a strong 
positive reaction in the stratum spinosum and a 
moderate reaction in the stratum basale (Figure 5C, D). 
All lectins showed a weak to moderate positive 
response in the keratinized layer except for the lectin 
jacalin, which showed greater affinity (Figure 6A). 
These lectins showed a weak response in the reticular 
epithelium with the exception of the lectin GS1B4, 
which showed moderate to strong positivity (Figure 6B, 
C). Connective tissue was positive for all of these 
lectins, especially PNA, which showed strong affinity in 
the subepithelial area where collagen fibers 
predominate (Figures 5C and 6C). The galactose group 

 
Figure 4: Photomicrograph showing the presence of N-acetylgalactosamine group lectins in the lingual tonsil of the buffalo. A. A 
very weak negligible reaction to the stratum spinosum layer (s) of the epithelium. Not a strong positive activity in the 
subepithelial connective tissue having collagen fibers (arrow). RCA x 200 (bar 100 µm); B. Strong localization of VVL lectin in 
the stratum spinosum (s) and very weak in the stratum basale (b) layer. X 200 (bar 100 µm); C. A weak and strong reactivity of 
the lectin RCA in the reticular epithelium (r) and the subepithelial connective tissue (arrow), respectively. x 200 (bar 100 µm); D. 
Mucous acini showing negative reaction except for a few clusters (g) having strong affinity (arrow) for SBA. x 200 (bar 100 µm). 
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Figure 5: Photomicrograph showing the presence of N-acetylgalactosamine and galactose groups of lectins in the lingual tonsil 
of the buffalo. A. The mucous glandular acini (g) shows the presence of lectin DBA. x 200; B. VVL x 200; C. Strong activity of 
PNA (galactose group lectin) in the subepithelial connective tissue (c) and a very weak reaction in the lower strata (s) of 
epithelial cells. x 200; D. A mild to strong and a weak positivity in the stratum spinosum (s) and stratum basale (b) of the 
keratinized epithelium. Jacalin x 200.  

 

 
Figure 6: Photomicrograph showing the presence of galactose group of lectins in the lingual tonsil of the buffalo. A. A mild to 
strong positivity in the most superficial layers (arrow) of the keratinized epithelium. Jacalin x 200 (bar 100 µm). B. Reticular 
epithelium (arrow) showing a strong positivity for the lectin GS1 B4. x 200 (bar 100 µm); C. A weak and strong binding affinity for 
the reticular epithelium (arrow) and the subepithelial connective tissue (c), respectively. PNA x 200 (bar 100 µm); D. A weak to 
moderate positive reaction of GS1 B4 for the lymphoid cells of the interfollicular area (f). Note the absence of reaction in the 
germinal center (arrow) of the lymphoid follicle. x 200 (bar 100 µm).  
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Figure 7: Photomicrograph showing the presence of galactose group of lectins in the lingual tonsil of the buffalo. A. The 
lymphoid cells of the interfollicular area (f) and RBCs of blood vessels (arrow) show a moderate reaction to jacalin. x 200 (bar 
100 µm); B. A strong positive affinity of ECL for the lymphoid cells (l) of the interfollicular area. Also, note the presence of 
moderate reactivity in the lymphoid cells of the germinal center (arrow). x 200 (bar 100 µm); C. Higher magnification shows the 
presence of galactose receptors on the surface of the lymphoid cells (arrow). ECL x 400 (bar 50 µm); D. A strongly positive 
reaction of GS1B4 in some of the glandular acini (arrow). Note a weak absence of positivity in the rest of acini (g) x 200 (bar 100 
µm). 

of lectins also responded to different cell populations of 
lymphoid tissue. The lectins GS1B4 and jacalin are 
weakly bound to the lymphoid cells of the interfollicular 
areas without showing an affinity for the germinal 
center (Figures 6D and 7A). However, the lectin ECL 
showed a strong affinity for the lymphoid cells of the 
interfollicular areas and a weaker response for the 
lymphocytes of the germinal center (Figure 7B, C). In 
addition, a few germinal center cells were also 
moderately positive for ECL. The affinity for the 
lymphocytes was least pronounced for the lectin PNA. 
Blood vessels of different sizes showed positive activity 
toward their endothelium. The secretions of the glands 
did not contain mucopolysaccharides of the galactose 
group, with the exception of the lectins GS1B4 and 
jacalin. The latter showed a generally positive reaction 
in the majority of the acini, whereas GS1B4 showed 
strong positivity in some of the glandular acini (Figure 
7D). The peripheral part of the glandular acini in the 
region of the myoepithelial cells was weakly to 
moderately reactive to these lectins. The lectin PNA 
was the only one that showed very strong positive 
activity in muscle tissue. 

Mannose/Glucose Group 

The lectins of the mannose/glucose group (Con A, 
LCA, and PSA) showed binding affinity in different 
layers of the epithelium, increasing from basal cells to 
spinosum cells and showing a similar pattern in the 
most superficial cells (Figure 8A-D). However, no 
positivity was observed in the cells of the stratum 
granulosum, with the exception of lectin Con A, which 
showed a weak to moderate granular response (Figure 
8B). The subepithelial connective tissue showed similar 
positivity to the cells of the stratum spinosum (Figure 
8C, D). The connective tissue was strongly positive for 
the lectins Con A and PSA compared with the LCA 
lectin of the same group. These lectins labeled the 
lymphoid cells of the germinal center, but the lymphoid 
cells, especially in the parafollicular and interfollicular 
areas, were also strongly positive (Figure 9A, B). The 
connective tissue surrounding the blood vessels and 
the endothelium were weakly and marginally positive, 
respectively. The secretions of the mucous glands had 
a comparatively lower concentration of mannose and/or 
glucose, which was reflected in a weaker reaction 
(Figure 9C). However, the positive reaction for the 
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Figure 8: Photomicrograph showing the presence of mannose/glucose group of lectins in the lingual tonsil of the buffalo. A. 
Strata basale and spinosum (s) showing a strong positive reaction for the lectin Con A. x 200 (bar 100 µm); B. A moderate 
reaction in the stratum granulosum (m) and most superficial layers (arrow) of the stratified squamous keratinized epithelium. Con 
A x 200 (bar 100 µm); C. The stratum spinosum (s) showed a positive reaction similar to that of ConA. Note a strong affinity of 
the collagen fibers (c) for the lectin LCA. x 200 (bar 100 µm); D. A weak and a strong reaction exhibited by lectin PSA in the 
stratum spinosum (s) and subepithelial connective tissue (c), respectively. x 200 (bar 100 µm). 

 

 
Figure 9: Photomicrograph showing the presence of mannose/glucose group of lectins in the lingual tonsil of the buffalo. A. The 
lymphoid cells of the germinal center (l) showing a positive affinity for the Con A. Note some of the cells (arrow) show a strong 
positive reaction. x 200 (bar 100 µm); B. Lymphoid cells (arrow) showing a pattern of positivity at higher magnification. Con A x 
400 (bar 50 µm); C. The glandular acini show the absence of mannose/glucose in the secretions except for a weak reaction 
towards the luminal surface (arrow). PSA x 200 (bar 100 µm); D. A moderate positive reaction of lectin LCA in the mucous 
glandular acini (g). Note a strong reaction towards the periphery and luminal surface (arrow) of the acini and ducts. x 200 (bar 
100 µm).  
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lectin LCA was moderate and comparatively stronger 
than for the other two lectins in the same group, 
especially at the luminal border of the glandular acini 
and ducts (Figure 9D). These lectins also had a 
moderate affinity for the myoepithelial cells at the 
periphery of the glandular acini. The staining pattern 
was generally stronger for Con A, followed by LCA and 
PSA lectins in the positive structural components. 

DISCUSSION 

In the present study, the cytochemical properties of 
differential sugar chain expression in different structural 
components of lingual tonsil were elucidated using 16 
lectins from four major groups (N-acetylglucosamine, 
N-acetylgalactosamine, galactose, and mannose/ 
glucose groups). To date, only a few studies have been 
performed on the tonsils in which different cell types 
have been characterized by lectins. The specific 
varying patterns of lectins in the cell population of 
different layers of epithelium, connective tissue, blood 
vessels, and lymphatic, glandular and muscular tissues 
not only reflect their active localization and particular 
function but also neglect the possibility of passive 
binding. In the present study, the different lectins of a 
particular group showed almost similar expression for a 
particular tissue or group of cells; however, when 
comparing the positive affinities of different groups of 
lectins for a particular structure, minute differences 
were also found. It was a difficult task to compare the 
present results of buffalo tongue tonsils with those of 
other domestic animals because of the lack of relevant 
literature. 

A strong binding pattern of WGA, s-WGA, LEL, 
DSL, and STL lectins in the reticular epithelium and 
stratum spinosum cells of stratified squamous 
epithelium indirectly reflected that the N-
acetylglucosamine group was the major glycoconjugate 
in these cells. The differences in the staining patterns 
of the two epithelia were probably attributed to different 
environments and functions, as reported in the horse 
[10]; however, no differences were observed in the 
human tonsils [4]. The reticular epithelium has been 
described as an antigen collection site facilitated by the 
contents of the crypt [12, 13] and contributing to the 
effector functions of the mucosal immune system [12]. 
The absence of these sugars in the other layers 
suggests that it is a structural requirement and may be 
responsible only for spinosum cell growth and 
maintenance. In contrast, glycoconjugates with an N-
acetylgalactosamine end group were less required in 
these cells, as reflected by their weak affinity for SBA, 
DBA, and RCA, with the exception of the VVL lectin. 

Similarly, these lectins showed a weaker affinity for 
reticular epithelium compared with the N-
acetylglucosamine group. The glycoconjugates with 
galactose, mannose, and glucose groups were not 
detected in the different layers except for the lectins 
jacalin and Con A. Their presence in different cells 
reflects that glucose and mannose are other sugars 
required for proliferation and growth. However, the 
reason for the absence of PNA, ECL, PSA, and LCA 
lectins could not be explained; a similar report was 
available [14]. It was interesting to note that, with the 
exception of α -linked mannose and glucose, the cell 
architecture of the stratum granulosum did not have 
any of the carbohydrate components examined in the 
present study. Binding to galactose-specific 
components, particularly the lectin jacalin and the lectin 
Con A, which is also mannose/glucose specific, was a 
characteristic feature of the basal cells, indicating the 
presence of multiple residues in the terminal sugars. 
The most superficial layers were labeled by different 
lectins with different intensities, as previously reported 
[14, 15]. The presence of a variety of lectins on the 
surface epithelial cells indicates the presence of 
specific cell receptors formed by the interaction with the 
feeding particles or by degenerative changes, thus 
providing a better opportunity for the microorganisms to 
attach and penetrate [3]. 

All lectins with terminal N-acetylglucosamine, 
galactose, mannose, and glucose groups exhibited a 
differential affinity for subepithelial connective tissue, in 
which collagen fibers predominate. The response was 
weaker for the lectin s-WGA than for the other lectins of 
the N-acetylglucosamine group, suggesting that the 
isolation of the lectin may have blocked surface 
epitopes on the surface of the connective tissue. The 
lectins in the N-acetylgalactosamine group showed 
comparatively weaker positivity, with the exception of 
the lectin RCA, which showed a strong response. This 
could be due to the presence of an additional terminal 
sugar, lactose. A maximum positive reaction was 
observed for the lectins PNA, Con A, and PSA. The 
qualitative differences in positive response could be 
due to variations in terminal sugars or the presence of 
additional polysaccharide units. This could also be 
related to the presence of different types of collagen 
fibers. The remaining connective tissue of the propria 
submucosa showed comparatively lower affinity, with 
the exception of the tissue surrounding the glandular 
acini, where moderate activity was observed. 

Lymphoid tissue components also showed variable 
positivity for the different lectins. The lectin WGA 
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labeled only a few lymphoid cells of the parafollicular 
and interfollicular areas, indicating the likely affinity of 
the lectin for macrophages, etc. The lectins STL and 
LEL were only weakly bound to the lymphoid cells, 
except for a few cells that might be macrophages of the 
interfollicular areas. The lectins s-WGA and DSL 
showed no affinity for any type of lymphoid cells. 
Similarly, all lectins of the N-acetylgalactosamine group 
were negative for all components of lymphoid tissue. 
Terminal galactose lectins were present in all lymphoid 
tissue cell populations except those of the germinal 
center in the present study. The presence of a reaction 
with ECL lectin in the lymphoid cells of the germinal 
center indicates the presence of galactose receptors on 
the B cells. No positive response was detected for the 
lectins PNA and SBA, as previously reported [15], but 
PNA and SBA showed an affinity for the germinal 
centers of hyperplastic human tonsils [14,16,17] and for 
histiocytes and macrophages [18]. The lectins Con A, 
PSA, and LCA of the mannose and glucose group 
showed binding affinity to the membrane and 
cytoplasm of some lymphoid cells of the germinal 
center, parafollicular and interfollicular areas, as well as 
to lymphocytes and macrophages. The structures that 
showed a very strong positive response might be 
macrophages since cytoplasmic binding of Con A was 
considered a selective marker for macrophage 
histiocytes in humans, suggesting binding to Golgi 
bodies, lysosomes, and other related structures [15, 
16]. The differences in lectin expression in human and 
buffalo lymphoid cells could be due to species 
differences. A few lymphoid cells were detected in 
subepithelial connective tissue and reticular epithelium. 
Vascular cell adhesion molecule-I and intercellular 
adhesion molecule-I, which are responsible for 
mediating lymphocyte infiltration, were expressed by 
the reticular epithelium [4]. The present findings explain 
the dominance of glucose and mannose receptors on 
the surface of germinal center B cells, followed by 
galactose and glucosamine receptors on the surface of 
lymphoid cells of the inter- and parafollicular areas. 
However, the different cell types can be further 
identified by immunohistochemical studies. The lectins 
that bind to the lymphoid cell receptors can be used as 
cell markers to study lympho-proliferative disorders, as 
described previously [16]. 

Blood vessel endothelium had the highest 
concentration of N-acetylglucosamine in the present 
study, followed by N-acetylgalactosamine, galactose, 
glucose, and mannose. The extent of variation was 
probably due to the presence of different terminal 

sugars. A strong response was observed in the 
sections incubated with N-acetylglucosamine sugars. 
This was attributed to the binding of positively charged 
lectins to negatively charged sialyl residues in the 
glycocalyx of the mammalian endothelium [19]. The 
comparatively lower intensity for the neutral lectin s-
WGA could be due to less binding with sialyl residues. 
This also confirmed the negatively charged surface 
coatings of the vascular endothelium in laboratory 
animals [20]. Although the lectins of the N-
acetylgalactosamine group have similar terminal 
sugars, RCA and VVL showed stronger affinity for the 
vascular endothelium compared with the other two 
lectins of the same group. The lectins RCA-I and BS -I, 
which possess non-reducing β -galactosyl residues, 
have been described as lectins specific for vascular 
endothelium in humans and domestic animals [21, 22]. 
The endothelium of blood vessels also possessed 
galactose receptors, which showed a moderate 
response. The lectin PNA also showed no binding sites 
in the endothelium of blood vessels, as previously 
reported [14]; however, a positive response was 
detected after pre-incubation with neuraminidase [21]. 
The lectins PSA and LCA showed a negative to weak 
response in the endothelium, which is consistent with 
previous observations [20] and suggests a lower 
amount of mannose and glucose components in the 
endothelium. 

The mucous glandular tissue exhibited different 
reactions for different groups of lectins and also for the 
different lectins of the same group, indicating the 
specificity of sugar moieties. The lectins of the N-
acetylglucosamine group presented varying positive 
affinity for the secretions of the glandular acini. The 
lectins WGA and DSL showed a weak reaction to 
mucous secretions, whereas s-WGA was strongly 
positive, indicating that the secretions have a 
predominance of N-acetylneuraminic acid (sialic acid). 
The lectins LEL and STL had moderate positivity for 
the secretions. The lectins of this group were localized 
to only a few glandular acini, and the reaction was not 
observed in the majority of the mucous acini. In 
addition, their patterns of localization were different in 
the lobes of the glandular acini. The mucous secretions 
had comparatively less concentration of N-
acetylgalactosamine, as evidenced by their binding 
affinity. The activity for lectin GS1B4 was moderate to 
strong, localized to only a few acinar cells of the 
glandular acini. The lectins with galactose specificity, 
except jacalin, did not show an affinity for the mucous 
secretions. However, a strong reaction was observed 
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towards the periphery of the acini in the region of 
myoepithelial cells, fine blood capillaries, and 
connective tissue containing collagen fibers. The lectin 
jacalin showed a strong homogeneous positive reaction 
throughout the glandular acini without delineation of the 
myoepithelial cells. Similarly, the secretions of only a 
few glandular acini and myoepithelial cells were 
moderately positive for the lectins of mannose and 
glucose groups. The lectins of a particular group are 
bound similarly to a specific type of cell that may be 
used as a specific tool to carry out further 
investigations regarding their functional status, 
especially in disease conditions. However, the minor 
variations in staining affinities may be attributed to the 
differentiation of cell types or maturation of the 
glycosylation chain attached to the secretory protein 
[23]. Lectins having the property to identify molecules 
characteristically can be utilized as modern tools in 
histochemistry and immunohistochemistry for structural 
and functional analysis of cells, tissues, and 
microorganisms [24]. The limitation of the present study 
was the lack of facilities for quantification of the 
positivity of the lectins in different structures. 

CONCLUSIONS 

The present study characterized the specific lectin 
binding affinities to the structural components of the 
lingual tonsil in buffaloes. The cells of stratum 
spinosum showed a maximum affinity for the lectins of 
the N-acetylglucosamine group amongst all the groups 
of the lectins, followed by glucose/mannose groups of 
lectins during the present study. The stratum 
granulosum and stratum corneum did not exhibit 
positivity for any of the sugar residues except α -D-
mannose, and glucose, as demonstrated by Con A in 
the former stratum. Most superficially placed 
keratinized cell layers were varyingly positive for the 
majority of the lectins. The reticular epithelium could be 
demonstrated weakly by almost 14 lectins. The lectins 
of N-acetylglucosamine followed by galactosamine and 
galactose groups were choices of lectins to expedite 
the vascularity pattern of the endothelial cells of the 
blood vessels. The lymphoid cells of inter and 
parafollicular areas possess galactose receptors, 
whereas the B cells can be marked by the lectins of the 
glucose/mannose group. The glandular secretions 
positive for mucopolysaccharides have a 
predominance of terminal sugars D-GlcNAc.  
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