
 Journal of Buffalo Science, 2020, 9, 5-12 5 

 
 ISSN: 1927-5196 / E-ISSN: 1927-520X/20  © 2020 Lifescience Global 

Scanning and Transmission Electron-Microscopic Studies on the 
Lingual Tonsil of the Buffalo (Bubalus bubalis) 

Ibrahim Alhaji Girgiri and Pawan Kumar* 

Department of Veterinary Anatomy, College of Veterinary Sciences, Lala Lajpat Rai University of Veterinary 
and Animal Sciences, Hisar-125 004, India 

Abstract: The present study examined lingual tonsil of six buffaloes of the local mixed breed by scanning and 
transmission electron-microscopy to elucidate their ultrastructural features. The lingual tonsil presented folded mucosa 
having longitudinally oriented folds which were separated by grooves. The surface mucosa showed a squamous 
arrangement of cells which delineated from the adjacent cells. The surface of these cells at a higher magnification 
presented the microplicae of different arrangements which were mainly of closed pattern type and resembled fingerprints 
of humans. The luminal openings of glandular ducts on the free surface presented varying shapes. The transmission 
electron-microscopy described ultrastructural details of the different strata of the stratified squamous keratinised, non-
keratinised and reticular epithelia. The propria-submucosa contain reticular cells, fibroblast, lymphoid cells, plasma cells, 
granulocytes and interdigitating cells. Few high endothelial venules observed and the cytoplasmic process of these 
endothelial cells contained small vacuoles equivalent to vesiculo-vacuolar organelles, membrane-bound bodies and 
vacuolated structures. 
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INTRODUCTION  

The lingual tonsil at the root of the tongue was a 
component of Waldeyer's ring and an important site of 
invasion of microbial pathogens and immune 
surveillance [1]. The location played a key immune 
inductive role for the tonsil, which participates as an 
effector organ of the local mucosal adaptive immune 
responses [2]. The lining of the tonsils presented an 
outward epithelium that functionally represented an 
inductive site where antigens sampled from the surface 
stimulated cognate naïve T and B lymphocytes [3]. The 
subepithelial lymphoid compartments consisted of T-
cells mainly localized in the extranodular and mantle 
zones and the B-cells rich germinal centres [4]. 
Together, these components provided innate, cellular 
and humoral immunity at the local and systemic levels 
[5]. The histological and histochemical structure of 
lingual tonsil of the buffalo has been earlier described 
[6, 7]. The present study elucidated in detail the 
ultrastructural features of the lingual tonsil in buffalo 
with emphasis on different types of epithelia, lymphoid 
tissue and high endothelial venules. 

MATERIALS AND METHODS 

Scanning Electron Microscopy 

Fresh tissues of the lingual tonsil (approximately 1 
cm) were collected from six heads of adult buffaloes  
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(5-6 years of age) of local mixed breed and fixed in 2% 
glutaraldehyde solution (prepared with 0.1M phosphate 
buffer, pH 7.4) for 6-8 hours, after thorough washing 
with chilled 0.1M phosphate buffer (pH 7.4). The 
tissues were rewashed twice with 0.1M phosphate 
buffer, and rest of the procedure was conducted at EM 
Lab., AIRF, JNU, A.I.I.M.S; New Delhi. The tissues 
were dehydrated using ascending grades of alcohol, 
critical point dried, mounted on stubs and sputter-
coated with gold-palladium. The tissues were viewed at 
following high electron tension (EHT-20 kV) and 
working distance (WD-11.5-12 mm) using a scanning 
electron microscope (Zeiss EVO-40). 

Transmission Electron Microscopy 

The tissues were primarily fixed in 2.5% 
glutaraldehyde solution for 6-8 hours and post-fixed in 
2% osmium tetraoxide for 1 hour. The resin blocks 
were prepared, and thin sections of 1 µ  were stained 
with toluidine blue to select the most appropriate areas 
of the tissues. The ultrathin sections (50-70 nm) were 
taken on copper grids, stained with 3% uranyl acetate 
for 10-15 minutes, followed by 0.4% lead citrate for 5-
10 minutes. The stained sections were viewed in a 
transmission electron microscope (Technai G2, SEI 
Co.) to record observations. 

RESULTS  

Scanning Electron Microscopy  

The lingual tonsil presented the folded mucosa, 
which was highly irregular, having the folds present in 
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different directions (Figure 1). The longitudinal folds 
were of varying length and width, and these were 
separated by shallow depressions or the grooves. Each 
longitudinally-oriented fold presented small 
corrugations or folds which were narrow, small and 
transversely oriented. At some places, the folds were 
not prominent. The higher magnification presented the 
squamous arrangement of the cells, which mainly 
delineated from the adjacent cells (Figure 2). At some 
places, the desquamating cells also observed. The 
further higher magnification of the cell surface 
presented microplicae arranged in different patterns. 
The majority of the microplicae was of closed type and 
resembled those of human fingerprints. The 
microplicae of two adjacent cells did not resemble and 
were not continuous with each other and generally 
presented a thicker arrangement at the junction of the 
two cells (Figure 3).  

 
Figure 1: SEM of the surface of the LT showing irregularly 
arranged folds. Note small openings of glandular ducts 
(arrow). x 95; (bar 200 µm).  

 

 
Figure 2: SEM of LT showing squamous arrangement of the 
cells delineated from the adjacent ones (arrow). x 3003; (bar 
10 µm). 

 
Figure 3: SEM of LT at higher magnification showing varying 
patterns of microplicae. x 9000; (bar 2 µm). 

Small openings of glandular ducts observed 
irregularly distributed throughout the surface of the 
lingual tonsil (Figure 1). These ducts openings were 
round to oval in shape and presented different 
arrangement towards their lumen. Some of the ducts 
presented a flower-like arrangement, whereas some 
others presented a valve-like arrangement (Figures 4 
and 5). Generally, these duct openings had a narrow 
rim having the cells arranged in an overlapping pattern. 
The microplicae were not distinct in the cells lining the 
lumen of the ducts, rather small microvilli like 
arrangements were observed. 

 
Figure 4: SEM of LT showing flower-like arrangement 
(arrow) towards lumen of the glandular duct. x 1000; (bar 20 
µm). 

Transmission Electron Microscopy 

The lingual tonsil was lined by stratified squamous 
keratinized epithelium towards the outer surface. The 
stratum basale had columnar cells with oval to 
elongated electron-dense nuclei oriented perpendicular 
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to the length of the epithelium (Figures 6 and 7). The 
chromatin material aggregated into smaller clumps and 
the nucleoli were one to two and centric/eccentric in 
position. The electron-dense cytoplasm was having 
mitochondria, Golgi apparatus, endoplasmic reticulum 
and a few filaments. The adjacent cells of the stratum 
basale were attached through several desmosomes. 
The intercellular spaces presented small microvilli-like 
projections of the cells. A few lymphocytes were seen 
occasionally in between the stratum basale cells. 

 
Figure 6: TEM of the LT showing tall columnar shaped cells 
(arrow) of the stratum basale of stratified squamous 
keratinized epithelium. x 830; (bar 2 µm). 

The stratum spinosum had several rows of cells 
having comparatively electron-lucent nuclei which were 
of irregular shapes and generally contained one to two 
nucleoli. The cytoplasm of these cells contained 
several tonofilaments and comparatively lesser number 
of cell organelles than those of stratum basale cells. 
These cells were also attached by several 

desmosomes, and their interdigitating villi were very 
closely associated with each other (Figure 8). The 
stratum granulosum had horizontally placed electron-
lucent nuclei, and their cytoplasm contained few 
filaments with fewer bundles of tonofilaments, and the 
cell organelles were further reduced as compared to 
those of the cells of the stratum spinosum. These cells 
had extensive processes which were tapering, and the 
intercellular spaces were reduced, showing 
interdigitating villi-like projections (Figure 9). 

 
Figure 8: TEM of the LT showing cells of the stratum 
spinosum (arrow) of stratified squamous keratinized 
epithelium. x 830; (bar 2 µm). 

The stratum corneum was comprised of a mixed 
population of irregularly shaped electron-lucent and 
electron-dense cells. The cytoplasm of these cells had 
fine filaments along with some membrane-bound 
vesicles and granules. The free surface of these cells 
presented small spike or spicule-like projections; 
otherwise, the desquamating cells were also observed 
(Figure 10). 

 
Figure 5: SEM of LT showing valve-like arrangement (arrow) 
towards opening of the duct. x 2000; (bar 10 µm). 

 
Figure 7: TEM of the LT at a higher magnification showing a 
cell of the stratum basale of stratified squamous keratinized 
epithelium. x 2550; (bar 1 µm). 
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Figure 9: TEM of the LT showing the horizontally placed 
electron-lucent nuclei (arrow) of cells of the stratum 
granulosum. x 830; (bar 2 µm). 

 

 
Figure 10: TEM of the LT showing layer of the stratum 
corneum. Note the spicule-like projection towards the free 
surface (arrow). x 1100; (bar 2 µm). 

The reticular epithelium having stratified squamous 
non-keratinized epithelium presented features of 
stratum basale and spinosum similar to those of the 
surface epithelium. The stratum superficially presented 

the different types of surface epithelial cells. At places, 
these were cuboidal whereas at other these were 
squamous type (Figures 11 and 12). The nuclei of 
these cells were electron-lucent and presented smaller 
aggregations of chromatin towards the nuclear 
membrane.  

 
Figure 12: TEM of the LT showing cuboidal type (arrow) of 
surface epithelial cell of the stratum superficiale of the 
reticular epithelium. x 2550; (bar 1 µm). 

The cytoplasm of these cells presented electron-
dense granules, few filaments, a few endoplasmic 
reticula, and isolated mitochondria.  

The free surface of these cells presented very 
small-sized microvilli-like projections (Figures 11 and 
12). Some of these cells presented more electron-
lucent cytoplasm comprising of tonofilaments, 
multivesicular bodies, cytoplasmic vacuoles, few 
mitochondria and endoplasmic reticulum. 

The propria-submucosa constituted by fine blood 
capillaries, reticular cells, fibroblast, collagen bundles 
and lymphoid cells (Figures 13 and 14). At places, the 
plasma cells showing typical cartwheel appearance of 
the nuclei interspersed in between the lymphoid cells. 
A few granulocytes, especially the neutrophils (Figures 
14 and 15) and a few macrophages showing engulfed 
material also observed in the subepithelial portion. At 
some places, the interdigitating cells, fine blood 
capillaries and pericytes were also observed (Figure 
14). 

A few high endothelial venules (HEV'S) also 
observed. The nuclei of these endothelial cells were 
irregular shaped, and some of which presented 
indentations (Figures 16-18). These nuclei had 
electron-lucent material except dense chromatin only 

 
Figure 11: TEM of the LT showing cuboidal type (arrow) of 
surface epithelial cell of the stratum superficiale of the 
reticular epithelium. x 2550; (bar 1 µm). 
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towards the nuclear membrane. These nuclei generally 
contained one eccentric nucleolus. The cytoplasm of 
these cells was electron-lucent and contained few 

organelles like mitochondria, endoplasmic reticulum, 
and Golgi apparatus. The luminal surface of these cells 
possessed small microvilli-like processes (Figure 16). 
The cytoplasm of these cells also contained small 
vacuoles which were considered equivalent to those of 
vesiculo-vacuolar organelles (VVO’s) (Figures 17 and 
18). These VVO's were mainly observed in the 
processes of these endothelial cells projecting into the 
lumen. Besides, the cytoplasm also presented some 
granules, membrane-bound bodies, vacuolated 
structures (Figure 18). The adjacent endothelial cells 
were attached by desmosomes. At some places, the 
lymphocytes traversing through transendothelial or 
inter-endothelial routes also observed.  

 
Figure 16: TEM of the high endothelial venule showing 
nuclear indentation (arrow) and cytoplasmic processes (P) of 
the endothelial cell. x 2550; (bar 1 µm). 

 

 
Figure 17: TEM of the endothelial cell of a high endothelial 
venule showing granules, membrane bound bodies (D), and 
vesiculo-vacuolar organelles (V). x 7000; (bar 0.5 µm). 

DISCUSSION 

The surface of the lingual tonsil revealed a highly 
irregular mucosa with folds oriented in different 
directions, separated by shallow depressions or the 

 
Figure 13: TEM of the LT showing population of lymphoid 
cells (L) in the propria-submucosa. x 1100; (bar 2 µm). 

 

 
Figure 14: TEM of the LT showing interdigitating cell (arrow), 
blood capillary with pericyte (B) and a neutrophil (N) in the 
propria-submucosa. x 830; (bar 2 µm). 

 

 
Figure 15: TEM of the LT showing high endothelial venule 
(HV) and a neutrophil (N) in the propria-submucosa. Note the 
electron-dense granules (arrow) in the cytoplasm. x 2100; 
(bar 1 µm). 
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grooves as reported in the horse [1]. In the pig, the 
irregular surface presented papillae of varying shapes 
and size [8]. The higher magnification presented the 
squamous arrangement of cells delineated from the 
adjacent cells, similar to that of the goat [9]. In the 
horse, the flat squamous epithelial cells formed a 
sheath-like structure [1]. The desquamating cells 
observed as previously reported in the horse [1] and 
goat [9]. 

Similarly, variable patterns of microplicae observed 
with an additional magnification of the cell surface. 
These microplicae were frequently of closed pattern 
type and resembled those fingerprints of human beings 
as reported in the horse [1], goat [9, 10] and the pig [8]. 
The microplicae of the adjacent cells were independent 
of each other and usually had thicker arrangement at 
the junction of the two cells as described in the goat [9], 
ovine [11] and the pig [8]. At sites of desquamation, the 
microplicae of underlying and superficial cells were 
merged in the horse [1]. The surface of the tonsil also 
presented different patterns of small openings of 
glandular ducts as reported in the horse [1] and goat 
[9]. These openings identified as the orifices of the 
crypts of the tonsillar follicles [12]. These duct-like 
structures usually had a narrow rim having the cells 
arranged in an overlapping pattern. The microplicae 
were not distinct in the cells lining the lumen of the 
ducts; however, small microvilli like arrangements also 
observed. 

The different features of the epithelium described in 
light microscopy [7] were confirmed by transmission 
electron microscopy. The elongated nuclei of the 
stratum basale contained clumps of electron-dense 
chromatin material which was irregularly distributed 

whereas, in the horse, the chromatin mainly localized 
toward the outer nuclear membrane [1]. The cytoplasm 
presented the cell organelles, which in the horse was 
rich in uniformly distributed polyribosomes [1]. The 
intercellular spaces presented small microvilli-like 
projections of the cells. In the horse, the cell membrane 
abutted on the undulating basal lamina in the form of 
small-blunted pedicles [1]. The electron-lucent nuclei of 
stratum spinosum were irregularly shaped; however, 
these were elongated in the horse [1] and both of which 
contained centric/eccentric one-two nucleoli. The 
cytoplasm of these cells contained several 
tonofilaments, as reported in the horse [1]. These cells 
were also attached by several desmosomes, and their 
interdigitating villi were very closely associated with 
each other, as observed in the horse [1]. The stratum 
granulosum had horizontally oriented electron-lucent 
nuclei with one centric nucleolus. Their cytoplasm had 
few filaments, cell organelles and few membrane-
bound organelles. These cells possessed large 
processes which were tapering, and the intercellular 
spaces presented interdigitating villi-like projections.  

The cells of the stratum corneum were either devoid 
or had degenerating nuclei, and cell organelles were 
lacking as observed in the stratum superficiale of the 
horse [1]. The free surface of these cells presented 
small spicule-like projections and the desquamating 
cells. In the horse, the cells of the stratum superficiale 
presented small irregular blunt or spiny microvilli, which 
were attached to those of adjacent cells by numerous 
desmosomes [1]. The upper epithelial layers were well 
keratinized and contained small apical protrusions in 
the ovine [11].  

The reticular epithelium having stratified squamous 
non-keratinized epithelium characterized by massive 
infiltration of lymphoid cells from the underlying 
lymphoid tissue. The features of strata basale and 
spinosum resembled those of the surface epithelium as 
reported in the horse [1]. The stratum superficiale 
presented the different types of surface epithelial cells, 
which were a cuboidal or squamous type. Their 
electron-lucent nuclei presented smaller clumps of 
chromatin towards the nuclear membrane as observed 
in the horse [1]. The free surface of these cells 
presented microscopic-sized microvilli-like projections.   

The propria-submucosa presented the fine blood 
capillaries, reticular cells, fibroblast, lymphoid cells and 
collagen bundles as described in the light microscopy 
[7]. Moreover, stellate shaped follicular dendritic cells 
(FDC) with delicate branching cytoplasmic processes 

 
Figure 18: TEM of the endothelial cell of a high endothelial 
venule at a higher magnification showing granules (arrow), 
membrane bound bodies (D), vacuolated structures and 
vesiculo-vacuolar organelles (V). x 29000; (bar 100 nm). 
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and a few macrophages and plasma cells also 
observed in the buffalo calf [6] and horse [1]. FDC 
developed through the transformation of fibroblastic 
reticulum cells during germinal centre formation [13]. 
However, the desmosomal attachment of their 
processes suggested an epithelial rather than 
mesenchymal origin. The existence of these cells and 
their accumulation in the primary follicles depend on 
the presence of B cells [14]. Integrins are key factors 
that support interactions of B-cells with FDCs [15]. 
Thus, B-cells depleted animals, or mice compounded 
with severe immunodeficiency lacked follicular 
aggregates of FDCs [16]. FDC bind antigen-antibody 
complexes to their surface for long periods and are 
essential for the generation of effective humoral 
antibody responses [17]. Similarly, a few mast cells 
with irregular nuclei and electron-dense chromatin 
material observed in its deeper part, especially in the 
vicinity of blood capillaries in the horse [1]. 

A few high endothelial venules interspersed in the 
lymphoid tissues observed as earlier described in the 
light microscopy [7]. The high endothelial venules 
(HEVs), an integral component of the mucosa-
associated lymphoid tissue, were specialized vessels 
that supported active lymphocyte migration from 
peripheral blood to secondary lymphoid organs [18; 4]. 
The constitutive trafficking of naive lymphocytes in and 
out of lymphoid organs was a prerequisite for the 
detection of processed antigen on mature dendritic 
cells and the initiation of immune responses [19]. 
Although lymphocyte migration from HEVs did not 
depend on exogenous inflammatory stimuli, it had 
features in common with the migration of leukocytes to 
inflammatory sites [20]. The nuclei of these endothelial 
cells were irregular in shape as reported in the horse 
[4] whereas, in the buffalo calf, these were polyhedral 
shaped [6].   

The cytoplasm of these endothelial cells was 
electron-dense and contained cell organelles such as 
mitochondria, endoplasmic reticulum, Golgi apparatus 
and small vacuoles which were considered equivalent 
to vesiculo-vacuolar organelles (VVOs). These were in 
agreement with findings in the horse [4] and the buffalo 
calf [6]. The VVOs described as new endothelial cell 
organelles that provided a significant mode of 
extravasation of macromolecules at sites of augmented 
vascular permeability induced by vascular permeability 
factor/vascular endothelial growth factor (VPF/VEGF), 
cytokine [21], associated with venules of experimental 
tumours [22, 23]. The microvilli-like small processes on 

the luminal surface of the endothelial cells observed in 
the present study were variable in the horse ranging 
from smooth to filiform or microvillus and sometimes 
branching. Additionally, the lumen contained filaments 
and vesicles, along with a few multivesicular bodies, as 
seen in the horse [4]. 

CONCLUSION  

The SEM of the lingual tonsil revealed the irregular 
mucosal folds, having a squamous arrangement of 
cells presenting the microplicae of varying patterns. 
The glandular ducts openings were of different shapes. 
The TEM demonstrated the cellular details of the 
distinct strata of the different epithelia. The cytoplasmic 
process of the cells of high endothelial venules 
consisted of some membrane-bound granules, 
membrane bound bodies and small vacuoles which 
were considered vesiculo-vacuolar organelles. 
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