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Tongue and lingual salivary glands
of the canary: scanning electron microscopy
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In this study, morphological characteristics of the canary tongue were examined
macroscopically and histologically besides using scanning electron microscopy.
Furthermore, histochemical features of the lingual salivary glands of the canary
were also examined. The results suggest that the tongue of the canary has an
equilateral quadrangle shape is sloped towards the apex on its dorsal surface;
where its sides are bounded by tall epithelial extensions. Additionally, histological
examination showed that salivary glands were only present on the body of the
tongue and there were no taste buds. However, the tongue has mechanical sen-
sory cell groups in its subepithelial connective tissue. Histochemical examination,
demonstrated that the salivary gland epithelial cells contained carbohydrates which

were composed of acidic sialo-mucins. (Folia Morphol 2017; 76, 3: 348-354)
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INTRODUCTION

The oral cavity, tongue morphology and ultras-
tructure of the tongue surface have been examined
in the studies performed on different avian tongues
[4,6,8-17, 23, 25-27, 29, 32, 38-41). Various studies
performed on different avian species have described
the shape and the covering epithelial surface of tongue
and proposed that these features are closely asso-
ciated with nutritional habits. In other words, the
morphology of the tongue reflects the functional and
characteristic adaptations [18, 26]. In comparison with
morphological studies, there are limited number of
histochemical studies in which the features of lingual
salivary glands have been examined [1, 3,5, 7, 19, 45].
However, studies performed on canaries (Serinus
canaria forma domestica) generally focus on the
physiology of the nervous system [2, 22, 28, 37, 42].

The structure and the function of the tongue and
lingual salivary glands provide information about the
diet as well as adaptations to the animals’ habitat. In
addition, these features are also important for the food,
poultry and pharmaceutical industries since they also
provide information about food digestion, and the
potential modulatory effects of saliva on taste [33].
Saliva, with its carbohydrate content, is important for
the transportation of macromolecules for digestion and
plays a role in the protection of the oral cavity mucosa
from bacteria [20]. No study reports seed eater canary’s
tongue and salivary glands’ morphological structure.

The aim of this study was to examine the structure-
function relationship in the canary, especially the shape
of the tongue and epithelium with respect to its func-
tional and morphological features as well as histochemi-
cal characteristics of the lingual salivary glands.
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MATERIALS AND METHODS

Eight tongues from dead canaries right after their
death and before autolysis began were collected from
canary and pet shops for use as teaching material
in practical courses of Balikesir University Faculty of
Veterinary Medicine. The tongues were fixed in 10%
neutral buffered formalin solution for 24-72 h in
room temperature. The tongues were dissected and
photographed.

The materials were set in paraffin blocks after fixa-
tion for examination with light microscopy. Sections,
5-micrometer thick, were taken from these blocks and
stained with haematoxylin and eosin [46], periodic
acid-Schiff (PAS) for neutral mucins (395B, Sigma-
Aldrich, St. Louis, MO, USA), AB pH 1.0 and AB pH 2.5
for acidic mucins [30, 44], and to distinguish acidic
and neutral mucins PAS-AB pH 1.0 [44] and PAS-AB pH
2.5[36]. To distinguish sulphomucins and sialomucins
[43] sialidase (from Clostridium perfringens) (N2876,
Sigma-Aldrich, St. Louis, MO, USA)-AB pH 2.5 [44],
diastase (from Aspergillus oryzae) (09962, Sigma-
-Aldrich, St. Louis, MO, USA)-PAS [35], hyaluronidase
(from bovine testis) (H3506, Sigma-Aldrich, St. Louis,
MO, USA)-AB 2.5 [44], weak, mild and strong methy-
lation were applied. The sections were examined and
photographed with an Olympus sc100 camera system
and cellSens Entry computer imaging system attached
to CX21 Olympus binocular microscope.

The specimens taken for scanning electron mi-
croscopy (SEM) examinations were fixed in 0.5%
glutaraldehyde solution buffered with 1% sodium
acetate containing 3% HgCl,. The fixed tongues
were dehydrated and the critical point dry was ob-
tained with Polaron Critical Point Drier, and speci-
mens were coated with gold with Polaron Sputter
Coater, examined and photographed with JSM5600
30 kV SEM. Measurements were made in 7 canary
tongues using an image J computer programme
(1.36b, Wayne Rasband National Institutes of Health,
USA) for macroscopic and microscopic evaluation.
One canary tongue was excluded from evaluation
due to technical reasons. Mc Lelland (1993) was
used for denomination [34].
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Figure 1. Macroscopic view of the canary tongue (dorsal); a —
apex linguae; ¢ — corpus linguae; r — radix linguae; k — conical
papillae; K — prominent edges; e — equilateral quadrangle
surface; 0 — groove.

RESULTS

Macroscopy

The canary tongue was divided into three parts;
apex, corpus and radix linguae (Fig. 1 [a, ¢, r]). Lengths
of the tongue parts are given in Table 1.

The tongue had a triangle apex which was paral-
lel to the edges of the lower beak and it was long.
Furthermore, the tongue did not entirely fill the oral
cavity. The upper surface of the tongue contained an
equilateral quadrangle area (Fig. 1 [e]) with promi-
nent edges (Fig. 1 [k]) which sloped from body to tip
with approximately 15° inclination (Fig. 1, 2, 3 [a]).
The sloping surface was bounded by thick edges
on both sides of the corpus region and between
the edges there was a groove which became wider
towards the radix (Fig. 1 [o]). A transverse row of
conical papillae was located at the border between
radix and the corpus. This row was aligned in the
shape of “W" with its base pointing towards the
radix. All papillae were less than 1 mm in length
(Fig. 1 [K]).

There were no prominentia lingualis or sulcus lin-
gualis. The lower surface of the tongue was convex
from apex to radix.

Table 1. Average size measurements from 7 canary tongues (millimetre)

Apex length Body length

Root length Body width Root width

Mean 2.366 + 0.569 5.970 = 1.725

2.582 + 0.859 2.457 = 0.988 2.808 =+ 0.906
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Scanning electron microscopy

In the SEM images, the dorsal surface of the tongue
(Fig. 2A, B) had prominent boundaries formed by needle-
like apical lateral side extensions (Fig. 2A, B, D [k]). There
were various multilayer squamous cells on the inclined
surface located on the dorsal surface (Fig. 2B, C [s],
D [*]) and there were also a large number of salivary
gland excretory duct openings varying in width from
7.55umto 27.5 um (Fig. 2C). There were no salivary gland
excretory ducts on the edges of the corpus of the tongue.
There were similar structures within the upper surface of
the apex, between the thick edges on both sides of the
corpus region (Fig. 2D [*]).

There were 100-335 um long conical papillae which
could only be observed by SEM at the dorsal surface of
the body. They were spread out irregularly between the
corpus and radix with their tips towards the radix
(Fig. 2D, E [black arrows]). Using SEM it could be clearly
seen that there were wide-mouthed salivary gland ex-
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Figure 2. Scanning electron microscopic views of the ca-
nary tongue; A, B, C, D, E. Dorsal; F, G, H. Ventral; A: k —
thick edges; B: s — squamous epithelium; C: s — squa-
mous epithelium; white arrows — duct openings of lingual
salivary glands; D: k — thick edges; asterisk — squamous
epithelium; black arrows — conical papillae; E: black ar-
rows — conical papillae; white arrows — duct openings
of lingual salivary glands; F: s — squamous epithelium;

G: Ventral lingual surface (apex); H: Ventral lingual surface
(corpus and radix).

cretory ducts between the conical papillae similar to the
ones located on the apex and radix of the tongue (Fig.
2D, E [white arrows]).

On the electron microscopy images, the entire lower
surface of the tongue was covered with squamous cells
(Fig. 2F [s]), there were very small openings of salivary
gland excretory ducts in the corpus and radix area
(Fig. 2H), and it was seen that ventral side of the apex
was quite smooth compared to the corpus and radix
(Fig. 2G, H).

For histologic examination tongue sections were
stained using haematoxylin and eosin staining (Fig. 3).
The epithelium was thicker on the dorsal side compared
to ventral surface (Fig. 3 [DE, VE]). The epithelial thick-
ness of the ventral surface measured 70 um at the apex,
corpus and radix. On the dorsal surface of the tongue,
the multiple squamous epithelium reached to its maxi-
mum thickness (1 mm) at the apex of the tongue. Fur-
thermore, the thickness gradually decreased caudally,
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Figure 3. Histologic section of canary tongue (5 um), haematoxylin
and eosin (x4); DE — dorsal epithelium; VE — ventral epithelium;

A — apex linguae; P — microscopic papillae; H — herbst corpus-

cles; a— equilateral quadrangle inclined surface angle.

with a minimum thickness of 400 um at the radix of the
tongue. There was more keratinised epithelium on the
dorsal compared with the ventral surface of the tongue.
There were various microscopic connective tissue pa-
pilla extensions from the submucosa towards epithelium
(Fig. 3 [P]). The cartilaginous components of the Os ento-
glossum did not reach the corpus of the tongue.

Salivary glands were bilaterally located only in the
posterior side of the corpus and there were no salivary
glands at the apex or rostral to the corpus (Fig. 3 [A]).
Lingual salivary glands were covered by a connective tis-
sue capsule and divided the simple tubuloalveolar tissue
into lobules by sending arms into it (Fig. 4). Glandular
cells were similar in gland body.

The tongue was poorly vascularized, has small
amount of muscles and no adipocytes. Lingual mus-
cles formed a very thin layer close to ventral surface of
tongue. Herbst corpuscles which are analogous to Pacin-
ian corpuscles in mammals were detected at the corpus
area in the submucosal connective tissue of the tongue.
These Herbst corpuscles were in cell groups almost
50 um diameter (Fig. 3 [H]).
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Histochemistry

The staining methods were selected to determine
the carbohydrate type of the secretions of the lingual
salivary glands of the canary tongue.

Periodic acid-Schiff staining was used to determine
glycogen and/or other periodate reactive carbohydrates
in the secretory cells of the lingual salivary gland and
their secretion. Weak staining with PAS (Fig. 4A) indi-
cates there were small amounts of glycogen in the gland
cells and secretions. The salivary glands stained purple
with PAS after diastase enzyme digestion (Fig. 4B). This
indicates that the weak glycogen content of the glands
is converted to carbohydrates such as maltose which can
be dissolved in water, with diastase enzyme digestion
resulting in decreased staining with PAS.

In the sections stained with AB pH 1.0 (Fig. 4C)
and AB pH 2.5 (Fig. 4D) brilliant blue staining indicates
that the salivary glands contain acidic carbohydrates
such as sialidase-sensitive acidic sialomucins and/or
hyaluronidase-resistant sulphomucins.

In order to distinguish the acidic and neutral mucins,
PAS-AB pH 1.0 (Fig. 4E) and PAS-AB pH 2.5 (Fig. 4F) stain-
ing was performed. Persisting brilliant blue colour after
AB pH 1.0 staining followed by PAS staining confirms
that the carbohydrate content of the Canary lingual
salivary gland has acidic, sialidase-sensitive sialomucin
but no neutral mucins.

A considerable decrease in colour occurred in sections
which were stained with AB pH 2.5 after hyaluronidase
enzyme digestion (Fig. 4J). Hyaluronidase removes hyalu-
ronic acid and glycosidic bonds from other glycosamino-
glycans and indicates that there were strongly sulphated
mucins, mostly acidic mucins in connective tissue.

In comparison with the control slides, there was
a slight loss of staining in the sections stained by AB
pH 2.5 after performing the weak and moderate meth-
ylation procedure (Fig. 4G, H). However, in sections in
which strong methylation was applied there was no
reaction with AB pH 2.5 (Fig. 4l). These results indicate
that there were sulphate-containing carbohydrates rath-
er than carboxyl group-containing carbohydrates and
these sulphomucins were acid-resistant in the Canary
lingual salivary glands.

Sialidase enzyme digestion and then AB pH 2.5
treatments were performed to determine if carboxylic
mucins were sensitive or resistant to sialidase enzyme.
A considerable decrease in staining was observed
(Fig. 4K) which indicates that the lingual salivary gland
mucins were sensitive to sialidase enzyme digestion.
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DISCUSSION

Canaries are primarily fed seeds. Although no
spinous papillae (or any other specific structures which
have been reported as modification in tongues used for
collecting food [18] were observed on the dorsal surface
of the tongue, there were needle-like apical lateral side
processes. The canary tongue is not protrusible and is
similar to tongues specialized for collecting food in the
classification of Erdogan and Iwasaki [18]. Needle-like
apical lateral side processes have forward facing ends
not backward facing and in this way are different from
geese which have hair-like side extensions known as
papillae filiformis. Furthermore, there are no beak pro-
trusions at the edges of the upper or lower beak as is
the case in geese [26]. Therefore, it is thought that these
epithelial extensions, which limit the lateral edges of the
inclined surface of the upper part of the tongue, could
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Figure 4. Histochemical views of lingual salivary glands in
canary tongue sections (5 um); A. periodic acid-Schiff (PAS)
(x10); B. Diastase enzyme digestion-PAS (x10); C. AB pH
1.0 (x10); D. AB pH 2.5 (x10); E. PAS-AB pH 1.0 (< 40);

F. PAS-AB pH 2.5 (x40); G. Weak methylation procedure-AB
pH 2.5 (x40); H. Moderate methylation procedure-AB pH 2.5
(x10)" L. Strong methylation procedure-AB pH 2.5 (x10);

J. Hyaluronidase enzyme digestion-PAS (x40); K. Sialidase
enzyme digestion-AB pH 2.5-Neutral red (x10).

play a role in keeping the food on the tongue surface
until it is swallowed [24, 29].

The canary tongue has thicker epithelium on the dor-
sal surface compared with the ventral surface, and this
gradually decreases in thickness towards radix, and these
findings are similar to those reported in the literature [18,
19, 24, 26, 29]. Since the epithelial keratinization of the
canary tongue is limited, it may suggest that food stays
limited period on dorsal surface of the tongue is limited.

The components of the hyobranchial apparatus did
not extend into the body of the tongue and anterior
part of the tongue was entirely free of bone and car-
tilage. The corneal lingual cuticula (lingual nail) which
supports the tongue from the lower surface was not
formed. In addition, intrinsic lingual muscle group was
a very thin layer close to ventral surface of the tongue
and may have mechanical effect on lingual apparatus
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of the canary tongue. The papillary crest was located
between the corpus and radix of the dorsal surface of
the tongue and the transverse row of papillae on the
boundary between the radix and corpus. The Backward
facing conical papillae may have a mechanical effect
during swallowing, preventing food from moving to-
wards the front of the oral cavity.

When the food is transported to the radix of the
tongue, it must be mixed with mucus for easy swal-
lowing. It was therefore surprising that the diameter
of salivary gland excretory ducts became smaller at the
front part of the tongue body (between 7.55 and
27.5 um) whereas these ducts were larger at the posterior
corpus and the root of the tongue (100 um).

There were small salivary gland excretory ducts on
the underside of the tongue except at the apex. The
secretions form these may facilitate the movement of
the tongue in the lower beak.

Gentle [21] reported finding 8-15 taste buds which
connected to the channels of the salivary glands and
were located on the dorsal surface of the tongue just
behind the transversal papillae row in young and adult
male and female broilers. There are intraepithelial gusta-
tory buds in many avian species too [18]. According to
the histological examination results of this study there
were no taste buds in the epithelium in any part of the
tongue despite serial sections taken from the whole
tongue being examined.

Gargiulo et al. [20] and Liman et al. [31] reported
that the carbohydrate contents of the lingual salivary
glands were locally different in quails. In this study, the
same reactions were observed in all parts of the salivary
glands so it was thought that the carbohydrate contents
of lingual salivary glands were homogeneous.

CONCLUSIONS

In conclusion, we have shown that the specific
morphological features of the canary tongue include
a markedly inclined and wide surface at the upper side
of the tongue which starts at the corpus and tapers
towards the apex. Lingual salivary glands are located
in the front of the radix and at the back of the corpus;
and there are no taste buds in the tongue. The histo-
chemical results suggest that the carbohydrate content
of the saliva is homogenous and contains mainly acidic
sialo-mucins which can bind to the galactosyl groups
of the carbohydrates as in the chicken [20]. Canary
saliva glucoconjugate content has similarity of Garrulus
glandarius which has Type IV saliva [5] except to its secre-
tion includes sialic acid and other acid proteoglycans.
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Canary saliva seems to have a protective effect on oral
mucosa since it helps to hydrate the mucosal surface
of the tongue and facilitate ingestion as reported in the
literature [18]. The question of whether it has an effect
on taste perception in canaries, which have no lingual
taste buds, remains to be answered.
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