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Abstract | The present study was carried out to elucidate the differences in histological structure and histochemical
characters between the tongue of two birds based according to the different food habits. Twenty adult healthy birds
with undetermined sex (10 bulbul and 10 cockatiel) were investigated. Our histological study showed that the mucous
membrane covering the tongue in bulbul and cockatiel consists of a multi-layered epithelium covering the lamina
properia. The skeletal muscle fiber was absent in the apex of the tongue in bulbul and present in the body and root in
large number with longitudinal and circular direction. In cockatiel skeletal muscle found in large number three part
of the tongue. The keratinized layer in the body of tongue was thick layer at the cranial part and then absent gradually
toward the root of the tongue in both birds. The root in both birds was lined with non-keratinized epithelium. The lingual
gland give positive reaction for alcian blue stain in both birds that mean the gland was have acidic mucopolysaccharid,
for periodic acid shift the lingual gland in the tongue of bulbul give week positive reaction while that gland in cockatiel
give negative reaction for this stain .Presence of Herpes corpuscles in the lamina properia under the epithelium in
the body and root of the cockatiel tongue was observed. While the Herpes corpuscles was absent in all part of the
tongue in bulbul. These finding highlight characteristic features of and differences in the histological structure and
histochemical characters between the tongue of two birds.
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INTRODUCTION

B irds are classified according to the relationship of diet to
the bird’s tongue, as they found five functions provided
by the bird’s tongue (collecting food, eating, swallowing,
tasting and touching, and building the nest). They found
that the tongue has great adaptations to the diet, as it can
eat a variety of foods, including insects, small seeds, herbs,

grains, etc. this varies depending on the species and the
shape of the tongue (Al-Kafagy ez a/., 2022). The white-
eared bulbul (Pycnonotus leucotis) it is found in South-
western Asia from India to the Arabian Peninsula and
bronze fallow cockatiel (Nymphicus hollandicus) is endemic
to north-central Tanzania, the tongue is localized at the
entrance of the gastrointestinal system at the base of the
beak and plays an important role in the intake of food and
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intake of diet affects the shape of tongue epithelia (Al-
Jebori, 2020; Al-Jumaily ez a/.,2013). The mucosa of tongue
is formed of the stratified squamous epithelia keratinize
which lined lateral border of the dorsal surface, while the
medial border lines by nonkeratinize stratified squamous
epithelia (Suhaib and Azhar, 2022; Alkafagy, 2019).

Glandular secretions include various types of large
molecules, such as neutral mucins, carboxylated proteins,
sulfated, sialomucins, sulfomucins, and glycogen, which
have significant effects on the oral cavities and upper
digestive tract, including protecting the tissue and
facilitating the absorption of food (Erdogan ez a/., 2012;
Saggsou et al.,2013).

The present study aims to elucidate the differences in
histological structure and histochemical characters between
the tongue of two birds based on the difterent food habits.
'The finding of the comprehensive analysis identified that
there are fundamental differences in histological structure
and histochemical characteristics between the tongue of
two birds.

MATERIALS AND METHODS

The tongue was removed from the mouth, and samples
from various sections (tip, middle, base) were preserved
in Bouin’s solution for 48 hours. Afterwards, the samples
were dehydrated in increasing concentrations of ethanol,
clarified in xylene, and encased in paraffin wax (Luna,
1968).The sections, which were S5pm thick, were cut, placed
on glass slides, and stained with Haematoxylin and Eosin
(H and E) for light microscopy as usual (Schindala, 1999).
Alcian blue stain and periodic acid shiff to determine the
secretion type of lingual gland. Photographs were taken
with a Moticam Images Plus 2.0 Digital Camera (Motic
China Group Limited).

STATISTICAL ANALYSIS
The data were represented by Mean+SE and statistical
analysis was performed using SPSS, version 24.0.

RESULT AND DISCUSSION

THE APEX OF THE TONGUE

Histological result show that the apex of the tongue of
two birds (bulbul and cockatiel)was composed of three
histological layer (tunica mucosa, tunica submucosa, tunica
muscularis), the cockatiel was have the same histological
structure. In bulbul the apex of tongue was lined with
stratified squamous epithelium keratinized, the keratinized
layer was lined all three surface of apex (dorsal, ventral,
lateral) keratinized layer in dorsal surface was more
thickness than in lateral and ventral surface. While in

cockatiel the apex was lined with keratinized layer only at
dorsal and ventral surface (Figures 1,2, 9 and 10).

Figure 1: (A) Cross histological section of the apex of
tongue in white eared bulbul show: Stratified squamous
epithelium (Ep), keratinized layer (K), lamina properea
(Lp), blood vessels (B), Hyaline cartilage (H). H&E stain.
20X. (B). Magnified section. 100x.

tongue in cockatiel show: Keratinized layer (yellow double
head arrow), stratified squamous epithelium (blue double
head arrow), papillary projection (red arrow). H&E stain.
20x. (B) and (C) magnified section. H&E stain. 40x.

Tunica mucosa in bulbul was thin layer at dorsal surface
and increased in thickness gradually to the lateral surface,
in ventral surface the tunica mucosa was more in thickness
than that in dorsal and lateral surface. While in cockatiel
there is no different in thickness between the surface of the
apex and the keratinized layer was thick layer at dorsal and
ventral surface. The papillary projection was absent in tunica
mucosa of apex in bulbul. while in cockatiel there is papillary
projection found at epithelial layer. Lamina properia-sub
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mucosa in bulbul was thick layer at dorsal surface from the
ventral surface. While in cockatiel the lamina properia-
submucosa was more in thickness at ventral surface from
the dorsal surface (Figures 3,4 and Table 1).
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Figure 3: Cross histological section of the apex of tongue
in white eared bulbul show: Keratinized layer (K), stratified
squamous epithelium (Ep), lamina properia (Lp), collagen
fibers (C). Masson trichrom stain. 20x.

Figure 4: (A) Cross histological section of the apex of
tongue in cockatiel show: Keratinized layer (K), stratified
squamous epithelium (Ep), collagen fibers (red arrow),
blood supply (yellow arrow), herbiest corpuscle (H).
Masson trichrom stain. 20x. (B) and (C): Magnified
section 40x.

The finding of Mohammad and Goodarzi (2020) in

common pheasant, (Erdogan ez al., 2012; Jackowiak ez al.,
2006; Samar ez al., 2002) was agree results of bulbul and
cockatiel, who mention the dorsum linguae were covered
with a thick keratinized stratified squamous epithelium
which decreased in thickness towards the radix linguae.

'The finding of (Erdogan ez a/., 2012) in chucker partridge,
(El-Badry, 2022) in gallinula cholorpus, (Iwasaki, 1992)
in little tern and (El-Beltagy, 2013) in common buzzard.
was disagree results of bulbul and cockatiel. who mention
the dorsal epithelium of the tongue is covered with thick
keratinized stratified squamous epithelium.

THE BODY OF THE TONGUE

'The dorsal surface of the body of bulbul tongue was lining
with stratified squamous epithelium keratinized, thickness
of epithelial layer was decreased gradually from the cranial
end of the body to the caudal end, and it was less in thickness
from that in dorsal surface of the apex. In cockatiel lining
epithelium of the dorsal surface have the same histological
structure in bulbul with differences in thickness of lining
epithelia and present of keratinized layer. The ventral
surface was lined with keratinized epithelium and less in
thickness from the dorsal surface (Figures 5 and 6).
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Figure 5: Cross histological section of the body of tongue in
bulbul dorsal surface show: Stratified squamous epithelium
non keratinized (Ep), lamina properea (Lp), papillary
projection (black arrow), blood vessels (yellow arrow),

skeletal muscle (Ms), paraglossum (P). H&E stain. 10x.

Table 1: The thickness of (tunica mucosa, keratinized layer, lining epithelium, lamina properia) in dorsal and ventral

surface of the apex in bulbul and cockatiel tongue.

Birds Surface Thickness of Tunica Thickness of Keratinized Thickness of Epithelium Thickness of Lamina
mucosa (mean + SE) pm layer (mean + SE) pm (mean * SE) pm properia (mean = SE) pm
Bulbul Dorsal 311.265+12.975* 90.138 + 6.979 155.684 + 15.093* 37.182+5.909*
Ventral  237.518+19.839* 29.190+2.365 173.362+7.968* 27.906+3.319*
Cockatiel Dorsal 521.821+21.523* 112.623 + 3.821 399.616 + 33.656" 110.842+9.342*
Ventral  579.212+21.496* 98.861 + 3.491 381.796+14.640* 180.822+14.322*
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Table 2: The thickness of (tunica mucosa, keratinized layer, lining epithelium, lamina properia) in dorsal and ventral

surface of the body in bulbul and cockatiel tongue.

Birds  Surface Thickness of Tunica Thickness of Keratinized Thickness of Epithelium Thickness of Lamina
mucosa (mean + SE) pm  layer (mean + SE)pm (mean+SE) pm properia (mean + SE) pm
Bulbul  Dorsal 301.142+13.663* 83.321 +5.732 155.684+ 15.093* 36.812+7.611*
Ventral 197.126+8.988* 161.386 = 1.786 163.188+9.479* 29.210+2.342*
Cockatiel Dorsal 449.409+16.223* 152.44 + 2.963 399.616+ 33.656* 54.022+4.395*
Ventral 522.674+11.995* 85.268+5.725 284.552+6.705* 160.560+4.810*

The finding of (El-Badry, 2022) in coturnix bird, was
disagree results of bulbul and cockatiel. who mention
the histological showed that dorsal surface of lingual
body covered with non-keratinized stratified squamous
epithelium. Such observations resemble those of white-
tailed eagle (Jackowiak and Godynicki, 2005) and domestic
pigeon (Parchami and Dehkordi, 2011).

The epithelial layer of the body of bulbul tongue at
dorsal surface have papillary projection into the layer. The
papillary projection was absent at the ventral surface. While
in cockatiel there was absent of the papillary projection at
the tunica mucosa of the dorsal surface, while the papillary
projection in large number of the tunica mucosa of the
ventral surface. the thickness of tunica mucosa in cockatiel

dorsal surface was greater than that in bulbul (Figures 5
and 6).

Figure 6: Cross histological section of the body of tongue
in cockatiel show: stratified squamous epithelium (Ep),
keratinized layer (K), connective tissue (C), skeletal muscle
(Ms), herbiest corpuscles (H). Masson trichrom stain. 10x.

The finding of Igwebuike and Anagor (2013) in tongue
of the muscovy duck, was disagree results of bulbul and
agree with that finding in cockatiel. who mention beneath
the epithelium on both the dorsal and ventral surfaces of
the tongue body there is dense irregular fibrous connective
tissue, which penetrates the epithelial layers in the form
of connective tissue papillae. lingual papillae extend
from the lateral margins of the tongue body as epithelial
evaginations, with connective tissue cores.

The tunica muscularis in the body of bulbul tongue was
fill the space between the dorsal and ventral surface with
present of adipose tissue and collagen bundle so that the
paraglossum, it was highly vascularized with present of
numerous nerve fibers. the tunica muscularis of the body
of cockatiel was have the same histological structure of the

bulbul (Table 2).

The finding of (Skieresz-Szewczyk and Jackowiak, 2016)
in the domestic duck, was agree results of bulbul and
cockatiel. who mention a characteristic feature of the
tongue in the domestic duck was the presence of the yellow
adipose tissue under the lamina propria of the mucosa on
the body, the adipose tissue covered the internal skeleton of
the tongue formed by the elongated entoglossum cartilage
of the hyoid apparatus.

THE ROOT OF THE TONGUE

'The histological study shows that the tunica mucosa at the
dorsal surface of the root of bulbul lined with stratified
squamous epithelium non-keratinized with present of large
number of conical papillae and it less in thickness from
the ventral surface the papillary projection was absent at
two surface. in cockatiel the tunica mucosa has the same
histological structure and the number of conical papillae was
less than that in bulbul. The tunica mucosa at the ventral
surface was more in thickness from that in dorsal (Figures 7).

Figure 7: Cross histological section of the root of tongue
in bulbul show: stratified squamous epithelium non
keratinized (Ep), lamina properia (Lp), blood vessels (B),
collagen bundles (C). H&E stain. 4x.
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Table 3: The thickness of (tunica mucosa, keratinized layer, lining epithelium, lamina properia) in dorsal and ventral

surface of the root in bulbul and cockatiel tongue.

Birds Surface Thickness of Tunica Thickness of Keratinized Thickness of Epithelium Thickness of Lamina
mucosa (mean+SE) pm  layer (mean+SE) pm (mean+SE) pm properia (mean+SE) pm
Bulbul ~ Dorsal 78.561+4.112* -- 49.182+3.571* 24.064+3.873*
Ventral 138.877+8.978* — 96.888+13.445* 36.488+6.276*
Cockatiel Dorsal 193.281+6.634* - 138.390+7.643* 49.568+10.415*
Ventral 197.722+9.314* — 138.390+7.643* 61.636+3.634*

'The finding of (Akbari ¢z /., 2018) in white headed duck,
was agree results of bulbul and cockatiel. Who mention the
non-keratinized epithelium lacking the keratinized layer
covered the surface area of the root and some zones on the
lingual prominence. This type of epithelium was not found
on the ventral lingual surface.

'The tunica muscularis was thicker layer from that in apex
and body in bulbul and cockatiel in both birds present the
central paraglossum in the tunica muscularis there is highly
vascularized and present large number of nerve bundles.

The finding of (Aytekin, 2016; Erdogan and Iwasaki,
2014) in in poultry species, was agree results of bulbul and
cockatiel. who mention a muscular layer (Tunica muscularis)
was reported under the lamina propria in poultry species.
in the guinea fowl, it was determined that the muscles of
the tongue, which are skeleton-specific, were found just
below the lamina propria in the corpus and radix sections.

In bulbul at the dorsal surface present of the taste bud
within the tunica mucosa and increased in number under
the conical papillae. While in cockatiel the number of
taste bud was larger than that in bulbul, the taste bud in
the two birds was distributed at the tunica mucosa of the

dorsal surface of the root and absent at the ventral surface
(Figures 7, 8 and Table 3).
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Figure 8: Cross histological section of the bod

of tongue
(ventral surface) in cockatiel show: Skeletal muscle (Ms),
stratified squamous epithelium (red arrow), herbiest
corpuscle (black arrow), collagen bundles (yellow arrow).
Masson trichrom stain. 10x.

'The results of our study also agree with the results of the
researchers study, which was mentioned in its results (Kudo
et al., 2008) that intra-epithelial taste buds are present in
chickens, while (Igwebuike and Eze, 2010) reported that
intra-epithelial taste buds are present in the pied crow
(Erdogan ez al., 2012) reported that intra-epithelial taste
buds are also present in the partridge.

THE MECHANORECEPTORS

'The histological result of the tongue of cockatiel showed
that the lamina properia under the lining epithelium
contains circular to oval-shaped particles with central
axon surrounded by several sheets by supported epithelial
collagen fibers, this sheets are composed of collagen fiber
called herbiest corpuscle which are particles contain nerve
ending to supply the tongue with sensory receptors and
contain nerve cell the herbiest corpuscles located at dorsal
and ventral surface of the apex and root. In body of the
tongue the herbiest corpuscle was absent. In bulbul the
herbiest corpuscle was absent in all part of the tongue
(apex, body, root) (Figures 9).

cockatiel show: The distribution of the herbiest corpuscle
H&E stain. 10x. A: Apex of the cockatiel tongue B: Root

of the cockatiel tongue.

The results disagree with the finding of a previous study
(Crole and Soley, 2014) who mention the lamina properia
of the lingual comb, the edges of the body, and the
rostral edges of the lingual prominence have two types of
specifically arranged mechanoreceptors the grandry and
herbst corpuscles. An interesting feature was the mutual
arrangement of these corpuscles.
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HISTOCHEMICAL FINDING

'The histochemical result show differences in carbohydrate
distribution and it is reaction with special stain, the
differences were dependent on the amount of the neutral
and acidic mucopolysaccharides.

In the bulbul’s tongue, the lingual gland exhibited a weak to
moderate reaction to the PAS stain (while in the cockatiel’s
gland, produce a negative response to the PAS stain, this
means that the gland will produce a small number of
neutral polysaccharides in the bulbul, which is absent in
the cocktail. The lingual gland at both birds (bulbul and
cocktail) exhibits a positive response to the AB stain that
is indicative of the secretion of a large number of acidic
polysaccharides (Figures 10 and 11).

Figure 10: Histological section for lingual gland of
bulbul show: The ligual gland was give positive reaction
for Alcian blue stain that men the gland was have acidic
mucopolysaccharid secretion. AB stain. 40x.

Figure 11: Histological section for lingual gland of
cockatiel show: the ligual gland was give positive reaction
for Alcian blue stain that men the gland was have acidic
mucopolysaccharid secretion. AB stain. 10x.

'The earlier revelation (Nazema e a/., 2021) that the tongue
is grainivorous and insectivorous, was a disagreement with

the results of bulbul and cockatiel. who discuss, in the red
jungle fowl, the zebra finch, the black francolin, and the
common kestrel, their salivary glands are said to have a
strong positive response to the PAS reaction, this indicates
that they have a content of neutral mucin (El-Beltagy,
2013; Kadhim e# al., 2011).
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