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Abstract: The tubal tonsils of 12 adult buffaloes of the local mixed breed were studied using light and electron
microscopy. The tonsillar mucosa lined by pseudostratified columnar ciliated epithelium with goblet cells was modified
into lymphoepithelial, due to its association with underlying lymphoid tissue. The lymphoepithelial further modified into
follicle-associated epithelium (FAE) characterised by absence of the ciliated cells, goblet cells and the presence of more
lymphocytes. The FAE exhibited varying modifications and presented M-cells intimately associated with lymphocytes. At
places, the change of the epithelium also showed the presence of specialised M-cell like cells without any association
with lymphoid tissue. The lymphoid tissue was in the form of isolated lymphocytes, diffuse aggregations and follicles.
The goblet cells of the respiratory epithelium and the glandular acinar cells showed positive activity for the different
carbohydrate moieties like acidic and neutral mucopolysaccharides, glycogen, mucins, weakly sulfated acidic
mucosubstances, hyaluronic acid and sialomucins. Scanning electron microscopy of the mucosal surface presented a
dense mat of cilia, and the FAE exhibited a heterogeneous population of microvillus and M-cells. Transmission electron-
microscopy demonstrated the different cell organelles of the various epithelia as well as the cellular profiles of the
propria-submucosa, including the high endothelial venules where lymphocytes migration by both inter-endothelial and
transvascular routes was also observed. The structural features of the tubal tonsil suggest that new strategies are
required to explore this tonsil for targeted delivery of drugs and develop more effective vaccines by the intranasal route.
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INTRODUCTION

The present study on light and electron-microscopic
architecture of the tubal tonsil was envisaged with an
emphasis on distribution of follicle-associated
epithelium, M-cells, Ilymphoid tissue and high
endothelial venules of buffaloes as compared with
those of other domestic animals and humans. The
tonsils are specialised lymphoepithelial structures
situated at strategic anatomical areas of the oro-
nasopharynx mucosa in a ring-like fashion called "von
Waldeyer’'s-Hartz ring” [1]. The tonsils constitute part of
the integrated mucosa-associated lymphoid tissue
(MALT) which performs regional immune functions
because of the exposure of their elements to both
airborne and alimentary antigens [2]. This location
plays a significant role in the tonsils as the first defence
barrier, involved in antimicrobial immunity, immune
exclusion, and oral tolerance [3]. Tonsils are typical
secondary lymphoid organs which show similarities
with lymph nodes but lack afferent lymphatics [4]. The
lining of the tonsils presents an outward epithelium that
is functionally modified to its surrounding tissues [5].
The mucosal crypts modified into specialised follicle-
associated epithelium (FAE) [6] studded with M-cells
[7] enabled sampling of exogenous antigens from the
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mucosal surface to subepithelial lymphoid follicles [8]
where appropriate clones of T and B cells can be
selected and amplified prior to their migration into the
surrounding mucosa [9]. The anatomical and
ultrastructural characteristics of the tubal tonsil have
been well described in the horse [10], and pigs [11]. A
detailed study on the nasopharyngeal and lingual
tonsils of the buffalo has been published recently [12,
13] however, lack of scientific literature on the tubal
tonsil led to pursue the study in the buffaloes.

MATERIALS AND METHODS

Histomorphology and Histochemistry

The heads of 12 clinically healthy adult buffaloes
(Bubalus bubalis) of 5-6 years of age of local mixed
breed irrespective of sex were procured from Municipal
Slaughter House Ghazipur, New Delhi, India
immediately after their sacrifice by captive bolt stunning
gun method. The tubal tonsils were collected and fixed
in 10% neutral buffered formalin solution for 48 hours
for histological studies. The fixed tissues were
processed by routine paraffin technique, then sections
of about 5-6 ym were cut and stained with Routine
Harris' hematoxylin and eosin stain. Gomori's method
used for reticulum tissues; Weigert's method for elastic
fibres [14]; Crossman's trichrome stain for collagen
fibres [15]; McManus' method for glycogen (PAS);
Alcian blue method for mucosubstances (pH 2.5); PAS-
Alcian blue method for acidic and neutral

© 2020 Lifescience Global



Light and Electron-Microscopic Studies on the Tubal Tonsil

Journal of Buffalo Science, 2020, Vol. 9 61

mucosubstances (pH 2.5); Meyer's mucicarmine
method for mucin; a colloidal iron method for acid
mucopolysaccharides [14]; and performic acid-Alcian
blue method for proteins [16]. Permission from the
Institutional Animal Ethical Committee was not required
as the tissues were collected from slaughtered
animals.

Scanning Electron-Microscopy (SEM)

Fresh tissues were collected at the slaughterhouse
from 6 heads and fixed in 2% glutaraldehyde solution
prepared in 0.1M phosphate buffer for 6-8 hours at
4°C, after thorough washing in chilled 0.1M phosphate
buffer (pH 7.4). The tissues were rewashed twice with
0.1M phosphate buffer, and the rest of the procedure
was carried out at EM Lab., A.I.LR.F., JN.U,; ALILM.S,,
New Delhi. The tissues were dehydrated using
ascending grades of alcohol, critical point dried,
mounted on stubs and sputter-coated with gold. The
tissues were viewed using a scanning electron
microscope (Zeiss EVO-40, New York, USA) at EM
Labs., New Delhi.

Transmission Electron-Microscopy (TEM)

The tubal tonsillar tissues of approximately 1 mm
thickness collected from the other six heads of
buffaloes were primarily fixed in 2.5% glutaraldehyde
solution prepared in 0.1M phosphate buffer for 6-8
hours at 4°C and post-fixed in 2% osmium tetraoxide
for 1 hour at 4°C. The resin blocks were prepared, and
thin sections of 1 ym were stained with toluidine blue to
select the most appropriate area of the tissue. The
ultrathin sections (50-70 nm) were taken on copper
grids, stained with uranyl acetate and lead citrate. The
sections were viewed in a transmission electron
microscope (Technai G2, SElI Co., Netherland) to
record observations and areas of interest for
photographs at EM Lab., AIIMS, New Delhi, India.

RESULTS

Histomorphology and Histochemistry

The tubal tonsillar surface was lined by a
pseudostratified columnar ciliated epithelium with
goblet cells (Figures 1-3). The free surface of the
epithelium was undulating because of the folded
mucosa. The epithelium was comprised of basal,
ciliated columnar and the goblet cells. The oval nuclei
of the basal cells were linearly arranged close to the
basement membrane with their longitudinal axis
perpendicular to the epithelium. Their chromatin

material was condensed especially towards the outer
nuclear membrane, thus, presenting a lighter stained
central portion. The nuclei of the tall ciliated columnar
cells were elongated, oval to rod shape and given
chromatin material masking the appearance of nucleoli.
The cytoplasm of these cell types was finely granular
and eosinophilic. The goblet cells interspersed between
rest of the cells, and their nuclei resembled those of the
basal cells except that these were larger and the
cytoplasm was vacuolated.
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Figure 1: Photomicrograph of the tubal tonsil of buffalo

showing respiratory epithelium (E), lymphoid tissue (L), and
glandular tissue (G). H & E x 40; (bar 450 pm).
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Figure 2: Photomicrograph of the tubal tonsil showing

respiratory epithelium modified into follicle-associated
epithelium (E), along with underlying lymphoid tissue (L). H &
E x 400; (bar 50 pm).
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Figure 3: Photomicrograph of the tubal tonsil showing follicle-
associated epithelium and the M-cells (M). H & E x 400; (bar
50 pm).

The free surface of the epithelium presented cilia of
varying number and size (Figures 1 and 2).
Lymphocytes infiliration was observed at different
heights of the epithelium, especially towards the basal
surface in the region where underlined lymphoid tissue
was present. This epithelium was structurally
designated as lymphoepithelial which was further
modified into follicle-associated epithelium (FAE) or
dome epithelium (Figures 2 and 3) due to association
of underlying lymphoid follicle, and an absence of
ciliated and the goblet cells. At places, the epithelium
resembled stratified cuboidal, while at certain places
the cell layers drastically reduced and it was difficult to
discern the epithelial and the lymphoid cells. A few flat
or dome-shaped cells of the area intimately associated
with lymphocytes were designated as M-cells (Figure
3). These cells having round to oval, basophilic nuclei
showed condensation of chromatin towards the
periphery. The cytoplasm of these cells was finely
granular and eosinophilic in nature. The FAE, including
the M-cells, did not exhibit PAS-positive activity by any
method employed for the present study.

The respiratory epithelium at some places further
modified into simple to stratified cuboidal epithelium
which was not having an association with the lymphoid
follicle (Figure 4). Some of the surface epithelial cells
were bulging having round to oval nuclei occupying the
majority of the portion of the cell, thus giving the narrow
rim of the cytoplasm a dome shape appearance. These
special cells not associated with the lymphocytes were

considered equivalent to the M-cells, and these were
also devoid of PAS-positive activity.

Figure 4: Photomicrograph of the tubal tonsil showing
specialised epithelium not associated with lymphoid tissue
but having M-like cells (M). H & E x 400; (bar 50 pm).

The propria-submucosa was having loose irregular
connective tissue and was mainly comprised of the
different connective tissue fibres, lymphoid tissue,
glandular tissue, blood vessels of varying shapes and
dimensions, nerve bundles and fatty tissue. The
tonsillar lymphoid tissue was mainly present in the form
of isolated lymphocytes, diffuse aggregations and
separate  follicle-like  structures. The isolated
lymphocytes were mostly present in the subepithelial
portion of the propria-submucosa, and a few infiltrated
the epithelium. The diffusely scattered aggregations
were irregularly present in the subepithelial part of the
propria-submucosa. The lymphoid follicles were seen
in the isolated pattern, and only 2-3 lymphoid follicles
were present subsequently or adjacent to each other.

Generally, these follicles were comprised of
lymphocytes of different size, and the adjacent follicles
were separated from each other by the interfollicular
areas which were occupied by the lymphocytes, a few
plasma cells, macrophages, a few blood capillaries and
a few high endothelial venules (HEVs). However, the
corona and the germinal centres were occasionally
observed in the present study. In the deepest part of
propria-submucosa, the concentration of the elastic
fibres was drastically increased in between the clusters
of the glandular tissue and just ventral to the lymphoid
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tissue. The elastic fibres were also observed in the
tunica intima of the blood vessels.

A stronger positive reaction was observed for acidic
than neutral mucopolysaccharides (Figures 5 and 6) in
the goblet cells. Alcianophilic positive reaction showed

the presence of  weakly sulfated acidic
mucosubstances, hyaluronic acid and sialomucins
(Figure 7). McManus’ PAS method indicated the

Figure 5: Photomicrograph of the tubal tonsil showing PAS
positive goblet cells and glandular acini for acidic (blue color)
and neutral (red color) mucopolysaccharides. PAS-AB x 100;
(bar 200 pm).
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Figure 6: Photomicrograph of the tubal tonsil showing
presence of acidic mucopolysaccharides in the epithelium
and glandular tissue. Colloidal iron method x 100; (bar 200

pm).

presence of glycogen (Figure 8). The goblet cells
showed positive reaction for colloidal iron, indicating
the presence of acidic mucopolysaccharides, and
mucins. The cysteine content was more than 4% as
demonstrated by performic acid-AB technique. The
PAS activity was lacking in rest of the portion of the
epithelium.
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Figure 7: Photomicrograph of the tubal tonsil showing
positive activity for weakly sulfated mucosubstances,
sialomucins and hyaluronic acid in goblet cells of the
epithelium and glandular acini. Alcian blue x 100; (bar 200

pm).

B b v i ST
ey "-m:
Figure 8: Photomicrograph of the tubal tonsil showing PAS

positive reaction for glycogen in glandular acini and a few
goblet cells. McManus’ PAS method x 100; (bar 200 pym).
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The glandular acini showed a strong positive
reaction for acidic and neutral mucopolysaccharides
with the predominance of the former (Figures 5 and 6).
The neutral mucopolysaccharides were very less and
were present mainly towards the periphery of the
glandular acini. The glandular acini, along with a few
duct cells, presented Alcianophilic positive reaction
showing the presence of weakly sulfated acidic
mucosubstances, hyaluronic acid and sialomucins
(Figure 7). These were also strongly positive for
McManus’ PAS (Figure 8) indicating the presence of
glycogen. The cysteine content was more than 4% as
demonstrated by performic acid-AB technique.

SEM

The scanning electron microscopy of the tubal tonsil
presented a dense mat of ciliated cells (Figure 9). The

Signal A = SE1
Mag= 227KX

Time :13:18:36
A

Figure 9: Scanning electron-micrograph of mucosal surface
of the tubal tonsil of buffalo showing a dense mat of cilia and
glandular ducts openings in between the clusters of the cilia.
x 2270; (bar 20 ym).

Signal A = SE1

Mag= 274KX Time :13:27:01

WD =125 mm

Figure 10: Scanning electron-micrograph of the tubal tonsil
showing goblet and microvillus cells surrounded by ciliated
cells and a few M-cells (M). x 2740; (bar 10 pm).

tufts of the cilia were oriented in different directions,
and their apical end presented blub-like structure. At
some places, round openings observed in between the
clusters of the cilia might be the opening of the
underlying glandular ducts. Microvillus cells were only
discernible, where the density of the ciliated cells was
comparatively lesser. At some places, the microvillus
cells were more dominant than the ciliated cells
(Figures 10 and 11). A few microvillus cells were
surrounded by a few ciliated cells, whereas other cells
presented both microvilli as well as the cilia. A few
microvillus cells possessed very small-sized microvilli
which were considered as M-cells (Figure 12).

Figure 11: Scanning electron-micrograph of the tubal tonsil
showing microvillus cells surrounded by ciliated and goblet
cells. x 4570; (bar 10 pm).

EHT = 20,00 kV
WD =120mm Mag= 270KX

Signal A = SE1
Time :13:31:24

Figure 12: Scanning electron-micrograph of the tubal tonsil
showing ciliated, M-cells (M) and a few cells having both
microvilli and cilia. x 2700 (bar 10 ym).

TEM

The ultrastructural details of the columnar ciliated,
basal and the goblet cells comprising the respiratory
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epithelial cells (Figures 13-16) confirmed those
observed through light microscopy. The elongated
nuclei of the columnar ciliated cells (Figure 13) were
having small clumps of electron-dense chromatin
material, whereas electron-plasm contained different
cell organelles. The adjacent ciliated cells were
attached by desmosomes, and their intercellular
spaces presented interdigitating villi. The goblet cell
had an electron-lucent nucleus with centric/eccentric
nucleolus. These cells interspersed in between the
ciliated and microvillus cells showed apical bleb or
dome-shaped structures toward their free surface
because of the presence of secretory granules (Figures
14 and 15). The microvillus cells were of different types
and generally contained electron-lucent nuclei. Their
electron-plasm had a higher number of mitochondria,
and the free surface was having microvilli of varying
shapes and size (Figure 16).

Figure 13: Transmission electron-micrograph of the tubal
tonsil of the buffalo showing columnar ciliated, microvillus and
the goblet cells. x 830; (bar 2 um).
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Figure 14: Transmission electron-micrograph of the tubal
tonsil showing supranuclear portion of the goblet cell (G). x
2550; (bar 1 um).
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Figure 15: Transmission electron-micrograph of the tubal

tonsil showing secretory droplet and basally placed electron-
lucent nucleus of the goblet cell. x 2550; (bar 1 pm).
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Figure 16: Transmission electron-micrograph of the tubal
tonsil showing supranuclear portion of microvillus cell having
small sized microvilli and large number of mitochondria. x
2550; (bar 1 pm).

The follicle-associated epithelium had different
types of microvillus cells (Mv) (Figures 17 and 18). The
large-sized Mv cells were electron-dense. In addition,
moderate electron-dense Mv cells were observed
during the present study. These Mv cells presented the
different cell organelles, especially mitochondria, Golgi
bodies, smooth and rough endoplasmic reticulum, a
few lysosomes like structure, a few secretory granules
like structures. M-cells equivalent was observed in
between these Mv cells (Figures 17 and 18), with very
small sized microvilli. Their electron-plasm contained a
large number of vacuoles in addition to other cell
organelles.

The propria-submucosa was comprised of mainly
the lymphocytes, a few plasma cells, macrophages,
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Figure 17: Transmission electron-micrograph of the tubal
tonsil showing modification of the respiratory epithelium into
follicle-associated epithelium having microvillus (V) and M-
cells (M). x 1100; (bar 2 pm).
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Figure 18: Transmission electron-micrograph of the tubal
tonsil showing higher magnification of the microvillus (V) and
M-cells (M). x 2550 (bar 1 pm).

interdigitating cells, fine blood capillaries, and a few
granulocytes. A few high endothelial venules (HEVs)
were also observed which showed the trafficking of

Figure 19: Transmission electron-micrograph of the tubal
tonsil showing high endothelial venule (H) with lymphocyte
(L). x 830 (bar 2 pm).

lymphocytes either inter-endothelial or transvascular.
The HEVs were specialised structures lined by
cuboidal to columnar shaped endothelial cells attached
by desmosomes (Figure 19). These endothelial cells
having electron-dense nuclei possessed cytoplasmic
processes of varying shapes and dimensions towards
the Iluminal surface and contained different cell
organelles. In addition to the presence of mitochondria,
Golgi bodies, endoplasmic reticulum, small-sized
vesicles, caveolae, multivesicular bodies and a few
filaments were also observed. The small vesicles
arranged in small clusters towards free luminal surface
were vesiculo-vacuolar organelle (VVOs).

DISCUSSION

A respiratory type of ciliated epithelium lined the
tubal tonsil of the buffaloes as in the horse [10], sheep
[17, 18], goat [19, 20], pig [11, 21], and the camel [22].
The undulating appearance of the epithelium might
provide better entrapment and attachment of foreign
particles including invading antigens [10]. The
epithelium comprising of different cell types presented
8-12 rows of nuclei in contrast to 6-14 in horse [10], 6-
10 in sheep and goat [18, 20].

The histological features of the pseudostratified
columnar ciliated epithelium with goblet cells with
respect to cytoplasm, shape of nuclei and distribution
of chromatin material resembled with those of the
horse [10]. The ciliated epithelial lining aids in drainage
of mucus and debris down to the nasopharynx [10].
The goblet cells were strongly positive for neutral and
acidic mucopolysaccharides with the predominance of
the latter along with glycogen as reported in the sheep
[18] and the pig [11]. The PAS activity was lacking at
the majority of the portion of the epithelium indicating
absence of goblet cells. Alcianophilic positive reaction
confirmed the presence of weakly sulfated acidic
mucosubstances, hyaluronic acid and sialomucins
similar to those of pig [11]. These cells also showed
positive reaction for mucin whereas a weak reaction by
colloidal iron indicated presence of acidic
mucopolysaccharides. The secretions of the goblet
cells had more than 4% content of cysteine as
demonstrated by performic acid-Alcian blue.

Lymphocytes infiltration was observed at different
heights of the epithelium especially towards the free
surface in the region where underlined lymphoid tissue
was present. This was structurally designated as
lymphoepithelium as described previously in the horse
[10], and in the pig [11]. Tonsillar intraepithelial
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lymphocytes (IELs) in the lymphoepithelium along with
antigen presenting cells interact with antigens, prime
immune responses, and contribute to early host
defense or allergic reactions [3]. The lymphoepithelium
in the regions of lymphoid follicles modified into follicle-
associated epithelium due to absence of the ciliated
and goblet cells with an increased number of
lymphocytes as described earlier in different species
[10, 11, 18]. Thus, the presence and or predominance
of lymphoid cells were characteristic of FAE [2]. Lack of
goblet cells and mucus may facilitate direct contact of
micro-organisms with the FAE including M-cells [10].
The FAE enabled MALT-specific requirements such as
proximity between the surface and immune cells,
controlled sampling and translocation of antigen to
subepithelial lymphoid follicles [3].

The FAE of different types exhibited characteristic
features and at few places the infiltration of the
lymphoid cells was so much predominant that it was
difficult to discern the epithelial cells. A few most
superficially placed dome shaped cells were
designated as M-cells as reported in the sheep [18]
and the pig [11]. The distinctive morphological features
of M-cells had earlier been described in
nasopharyngeal tonsil of the horse and buffalo by
histochemical and ultrastructural techniques [7, 12].
The M-cell apical surface allowed trans-epithelial
transport of antigen across epithelial barrier to
underlying immune cells where processing and
initiation of immune responses occur [23]. Thus, M-
cells represented the first cells involved in the initiation
of immune response against harmful antigens at the
inductive sites of MALT [24].

Similarly, some of the surface epithelial cells were
dome shaped but these were not associated with the
lymphoid follicles or organised lymphoid aggregations.
The nuclei of these cells occupied majority of the
portion whereas, a narrow rim of the cytoplasm led to a
dome shape appearance. These cells may or may not
be associated with the Ilymphocytes and were
considered equivalent to the M-cells as described in
the tubal tonsil of the horse [10]. These cells seem
equivalent to intestinal villus M-cells discovered in non-
follicle-associated epithelium which acted as distinct
gateway for the uptake of gut antigen [25]. M-cells, that
were not necessarily in contact with lymphoid cells and
lacked a cytoplasmic pocket, were detected using
ultrastructural criteria [26] and histochemistry [27, 28].
The morphological variation of M-cells might be
attributed to reversible interchange between M-cells
and epithelial cells [29], thus resulting in diverse

intermediate cell types bearing certain characteristics
of both cell types [30].

The propria-submucosa constituted by different
types of connective tissue fibres and cells resembled
with that of the horse [10], goat [18] and the pigs [11,
20]. A variable amount of lymphoid tissue was
irregularly  distributed  throughout the propria-
submucosa with predominance in the form of linearly
arranged 2-3 lymphoid follicles. The number of these
follicles (nodules) varied from 41 to 150 in ovine [17].
The follicles were comprised of lymphocytes, plasma
cells, macrophages, inter-digitating cells (IDC) and
follicular dendritic cells as reported in the horse [10].

The interfollicular areas also contained a few high
endothelial venules (HEVs) similar to those of the
sheep [18] and pig [11]. In the horse, both CD4+ and
CD8+ cells were identified in the FAE, lamina propria
mucosae, and parafollicular and interfollicular areas,
with the parafollicular areas more heavily populated
with CD4+ cells [10]. However, the corona and the
germinal centres were lacking in the present study. The
elastic fibres were abruptly increased in the form of an
irregular interrupted layer toward the deeper part of the
propria-submucosa which might be a replacement of
the muscle layer. The glandular acini had a
predominance of acidic mucopolysaccharides which
was in contrary to the distribution in the goblet cells of
the epithelium. The reactions for other
mucopolysaccharides and cysteine were similar to
those observed in epithelial cells during the present
study.

The tubal tonsil surface under SEM presented a
dense mat of cilia with bleb like free tips as reported in
the horse [10], sheep [18] and the pig [11]. At some
place, round to oval openings represented openings of
glandular ducts. Microvillus cells were categorised into
different types depending on the size of microvilli
similar to those of the horse [10], sheep [18] and the
pig [11]. The FAE regions were represented where the
microvillus cells were dominant than the ciliated cells.
The least number of microvillus cells with smallest
microvilli were considered as the M-cells as previously
reported in the horse [10], sheep [18] and the pig [11].
In addition, a few microvillus cells possessing both
microvilli and cilia were delineated which were
otherwise difficult to identify by light microscopy.

TEM confirmed the observations made under light
microscopy and in addition highlighted the details of the
nuclei and cell organelles. The ultrastructural features
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of different cell types of respiratory epithelium were
similar to those of the horse [10]. The follicle-
associated epithelium had different types of microvillus
cells (Mv). The large sized Mv cells were electron-
dense in nature as described in ovine [31] but were
equivalent of type-2 Mv cells described in the tubal
tonsil of the horse [10]. The electron-lucent Mv cells
were described as type-2 Mv cells in ovine [31]. In
addition, moderate electron-dense Mv cells were
observed in the present study. These Mv cells
presented the different cell organelles especially the
mitochondria, Golgi bodies, smooth and rough
endoplasmic reticulum, a few lysosome-like and a few
secretory granules-like structures. In the horse, type-I
cells resembled M- cells but with a reduced number of
cell organelles and loss of bundles of filaments which
was characteristic of maturation of the antigen
presenting cells [10]. M-cells equivalent were observed
in between these Mv cells, with very small sized
microvilli and their electronplasm contained large
number of vacuoles in addition to other cell organelles
as reported in the horse [10]. In the horse, small sized
vesicles present towards the luminal surface were
believed to be involved in uptake and absorption of
soluble particles by pinocytosis [10]. Some vesicles in
the M-cell apical cytoplasm were reported to contain
cathepsin E, an endosomal protease, which generates
an acidic milieu [32]. The M cells of the respiratory
epithelium were structurally similar to those of the FAE
and may be targeted site for the entry of antigens [10].

The propria-submucosa comprised of mainly the
lymphocytes, a few plasma cells, macrophages,
interdigitating cells, fine blood capillaries, and a few
granulocytes. In the horse, the parafollicular and
interfollicular areas were populated by interdigitating
cells with processes of varying length and thickness
intermingled with other cells and cell organelles
additional to filaments [10]. A few HEV’s were also
observed which showed the trafficking of lymphocytes
either inter-endothelial or transvascular as reported in
human [33, 34] and the different domestic species like
horse [10], and camel [35]. The HEVs have been
reported in T-cell and infrequently along the border of
B-cell areas [36]. The receptors on the endothelial cells
corresponding to molecules on lymphocytes result in
rolling, adhesion activation, and transmigration of
lymphocytes [37]. The passage of lymphocytes through
transvascular route extends from luminal surface to exit
outer basal surface of the endothelial cells [38]
whereas lymphocytes attach to endothelial cells by
means of short cytoplasmic projections present in inter-
endothelial clefts and migration takes place by

diapedesis through inter-endothelial trafficking [33].
The ultrastructural features of these endothelial cells
especially their processes, distribution of cell
organelles, presence of caveolae and vesiculo-
vacuolar organelle (VVO’s) were same as observed in
the HEV’s of the nasopharyngeal tonsil of buffaloes
[12]. The cytoplasmic processes of the endothelial cells
increased the surface area and may convert a laminar
flow into a turbulent one and thus increased contacts
between circulating lymphocytes and the endothelial
surface [10]. It has been mentioned that caveolae were
involved in  endocytosis, transcytosis, signal
transduction, mechanotransduction, potocytosis and
cholesterol ftrafficking [39]. The VVO’s regulates
transvascular cell passage of soluble macromolecules
[40]. Their stomata and diaphragms provided a
structural basis for regulation of tracer passage across
the microvascular endothelium [41]. The larger vesicles
and vacuoles of VVOs may be formed by fusion of two
or more caveolin positive caveolae-sized unit vesicles
similar to those of capillary caveolae [42].

CONCLUSION

The pseudostratified columnar ciliated epithelium of

the tubal tonsil was modified into characteristic
lymphoepithelium and the follicle associated
epithelium. The presence of different types of

mucopolysaccharides in the goblet cells was helpful in
demarcation of transitional areas of modifications. The
histology, histochemistry and electron-microscopy
supported the findings of each other during the present
comprehensive study. The presence of
lymphoepithelium, patches of FAE having M-cells,
lymphoid tissue, macrophages and high endothelial
venules showing inter-endothelial and transvascular
migration make the tubal tonsil a suitable candidate for
immune studies and exploiting it as an alternative site
for intranasal vaccination for different bacterial disease
including hemorrhagic septicemia in buffaloes. In
addition, M-cell like cells observed during present study
need to confirm their physiological role in relation to
inhaled antigen.
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