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Abstract

The present study aimed to highlight the characteristic anatomical, morphometrical, as well as, histochemical features of the

major salivary glands (SG) in dogs. Based on the surgical anatomy of the major SG, surgical excision of the parotid SG may

be the most challenge due to vital blood vessels and nerves invading its parenchyma (the branches of the facial nerve, the

maxillary and superficial temporal arteries, as well as, the internal maxillary vein).Creating an incision directly over the thick

fibrous capsule of the mandibular SG and dissection of the gland from the capsule may be easier to excise the gland and safer

to both; the maxillary and linguofacial veins. The excision of the zygomatic SG may necessitate osteotomy ot ostectomy of

the zygomatic arch. Based on the histological and histochemistry of the major salivary glands, the dog that one of its salivary

glands was excised, the type of its food may have to be changed according to the excised SG and upon its nature of secretion.
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Introduction

The major salivary glands (SGs) involving the parotid, mandibu-
lar, sublingual, and zygomatic glands in dogs. These glands are
large and have long ducts [1, 2].

The parotid SG lies at the junction of the head and neck overlying
the basal portion of the auricular cartilage. It is loosely lobulated,
has a thin capsule and an outline as a V-shape with the apex di-
rected ventrally. The mandibular SG is an ovoid gland located in
the junction of the maxillary and linguo facial veins as they form
the jugular vein. It is adherent cranially with the monostomatic
portion of the sublingual gland and shares a common heavily fi-
brous capsule with that gland. The zygomatic SG is named from
its location beneath the zygomatic arch of the temporal bone. Itis
globular to pyramidal in shape with its base directed upward and
backward and lying against the ventral part of the periorbita [2].
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The minimal physiological parenchymal unit ofthe salivary gland
is referred to as a salivon (acinus) that is composed of pyramidal
secretory cells arranged around a central lumen and surrounded
by myoepithelial cells. The latter are contractile cells with numer-
ous cell processes that embrace the basal aspect of the secretory
cells of the acini. The lumen of the acinus leads to a duct system.
Acini are made up of either serous or mucous cells. However,
some of the mucous acini have a cap of serous cells called demi-
lunes [1].

Surgical affections of the major salivary glands in dogs are vari-
ables and sometimes threaten the animal's life. Salivary mucocele,
fistula, sialadenitis, sialadenosis, sialolithiasis, and neoplasia have
been recorded in canine patients |3, 4].

Understanding of surgical anatomy, morphometry, and histo-
chemistry of these glands is essential for a correct decision con-
cerning medical and/or surgical intervention of such affections,
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and even food regime and management of the animal after surgi-
cal excision of the gland.

The aim of the present study was to throw light on the most
important facts concerning the anatomy, morphometry, and his-
tochemistry of the major salivary glands in dogs, and remarks that
might be taken in consideration during and after the surgical exci-
sion of each gland.

Materials And Methods
Animals

The present study was approved by the National Ethical Com-
mittee of The Faculty of Veterinary Medicine, Assiut University,
Assiut, Egypt, according to the OIE standards for use of animals
in research. The study was conducted on six (n = 6) cadavers of
adult mongrel dogs of both sexes (3 males and 3 non-pregnant,
non-lactating females), aged between 1 - 3 years old and weighting
10 -15 kg body weight.

The skin over the head region was dissected for complete expo-
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sure of the parotid, mandibular, and sublingual salivary glands in
situ. Ostectomy of the zygomatic arch over the zygomatic gland
was needed to explore it (Figure 1). Each gland was dissected
from the surrounding tissues and further anatomical, morpho-
metrical, histological, and histochemical studies were conducted.

Anatomical studies

Position, shape, as well as, relations with other structures of each
gland was described.

Morphometrical studies

Shape, lengths (cm) of the anterior and posterior borders and
at the middle of the gland, width (cm) at the base of the glands
(Figure 2), thickness (mm), weight (gm), and volume (cm?) wete
recorded for each gland.

The length and width were measured using a graduated measuring
tab. The volume of the glands was measured using a graduated
cylinder contained counted amount of water (Figure. 3A). The
thickness was recorded using a digital caliper (Figure. 3 B), while
weight was taken by using a sensitive scale (Figure. 3C).

Figure 1. 1: Parotid SG, 2: Mandibular SG, 3: Sublingual SG, 4: Zygomatic SG. (SG: salivary gland, Mv: maxillary vein, Lv:
linguofacial vein, Jv: jugular vein, M:masseter muscle, ZA: zygomatic arch).

Figure 2. A: Parotid SG, B: Mandibular SG, C: Sublingual SG, D: Zygomatic SG. (SG: salivary gland, W: width of the base,
L: length of the middle, A: length of the anterior border, P: length of the posterior border).

Figure 3. A: A graduated cylinder for measuring the volume of the SGs, B: A digital caliper for measuring of the thickness
of the SGs, C: A sensitive scale for measuring of the weight of the SGs.
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Histological and histochemical studies

Samples (0.5cm X 0.5 cm) from the dissected glands, as well as,
their main ducts were taken and fixed by immersion in 10 %
neutral buffered formalin. The fixed specimens were dehydrated
in graded alcohol series, cleared, embedded in paraffin and sec-
tioned at 3-5 pum thick using a Richert Leica RM 2125 Microtome,
Germany. The obtained sections were stained with the following
stains:

1- Harris haematoxyline and eosin stain for general histological
studies [5].

2- Periodic acid-Schiff (PAS) stain for detection of neutral muco-
polysaccharides [6] and Periodic acid-Schiff (PAS) stain pre-treat-
ed by diastase enzyme for detection of glycogen.

3- Alcian blue stain (pH 2.5) for detection of acidic muco-poly-
saccharides [7].

The stained sections were examined using a Leitz Dialux 20 mi-
croscope to study the histological and histochemical character-
istics of each gland as well as its main duct. Images were taken
using a Canon digital camera (Candison Powershot A95).

Results
Anatomical studies.

The parotid salivary gland located in the retromandibular fossa,
caudal to the ramus of the mandible and ventral to the base of
the ear. It was triangular in shape with its base lied dorsally and the
apex was ventrally situated. The base was concave and enclosed
the base of the external ear. The gland was loosely lobulated and
had a thin capsule. It possessed three angles; rostral pre-auricu-
lar angle, caudal retro-auricular angle and ventral angle, as well
as, three borders; rostral, caudal, and dorsal. The rostral border
(4.72cm) was longer than the caudal one (4.11 cm) and from
under which the palpebral, auriculotemporal and the dorsal and
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ventral buccal nerves emerged. The caudal border related to the
caudal auricular vein. The lateral surface of the gland was crossed
vertically by the strap-like parotido-auricularis muscle. The medial
surface was related to the branches of the facial nerve, the maxil-
lary and superficial temporal arteries, and the internal maxillary
vein.

The mandibular salivary gland was ovoidin shape with its broad
end directed ventrally. It occupied a superficial position caudal
to the ramus of the mandible and ventral to the parotid salivary
gland. It lied caudal to the masseter muscle and the mandibular
lymph node in the angle formed by the linguofacial and maxillary
veins. Its craniodorsal pole was related to the major portion of the
sublingual salivary gland with which it was enclosed by a common
thick fibrous capsule.

The monostomatic sublingual salivary gland was elongated tri-
angular in outline with its base directed caudally, resting on the
craniodorsal aspect of the mandibular salivary gland. It had a
large caudal portion and a tapering rostral one. The large caudal
portion of the gland lied on the lateral aspect of the caudal part
of the digastric muscle then it crossed the dorsal border of this
muscle where the tapering rostral portion of the gland was situ-
ated between the digastric muscle and the ventral border of the
masseter muscle medial to the mandible.

The zygomatic salivary gland situated in the ventral orbit, sur-
rounded by the periorbital fat. It lied ventral to the eyeball and
medial to the zygomatic arch. It was pyramidal in shape with its
base directed upward and the apex was ventral and blunt.

Morphometrical studies

The width at the base, the length of the rostral border, caudal bor-
der and at the middle of the gland, as well as, the thickness of the
studied salivary glands was summarized in Table (1). The weight
and volume of the glands as well as their percentage to the total
weight and volume were presented in Table (2).

Table 1. The mean width, length and thickness of major salivary glands in dogs.

Dimensions Parotid SG | Mandibular SG | Sublingual SG | Zygomatic SG
Base width (cm) 5.03 £ 0.61 214 £0.32 1.37 £0.21 2.04£0.19
Rostral border length (cm) | 4.72 = 0.52 - - 241015
Caudal border length (cm) | 4.11 + 0.30 - - 2.46 £0.32
Length at the middle (cm) | 2.94 £ 0.28 3.29 £0.25 497 + 0.38 2.59£0.23
Thickness (mm) 6.59 £ 0.98 11.99 £ 1.10 4.05 £ 0.40 10.36 + 0.87

The values are expressed as mean (M * SE)

Table 2. The mean weight (gm) and volume (cm?®) of major salivary glands and their percentage to the total weight and
volume.

Dimensions

Parotid SG

Mandibular SG

Sublingual SG

Zygomatic SG

Total

Weight (gm)

4.60 £ 0.27 (34.27%)

5.68 £ 0.64 (42.33%)

0.83+ 0.1 (6.18%)

2.3140.18 (17.22%)

13.42 £1.5 (100%)

volume (cm3)

420+ 0.22 (32.43%)

5.45 + 0.83 (42.10%)

0.90 + 0.13 (6.94%)

240+ 0.14 (18.53%)

12.95%1.9 (100%)
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Histological and histochemical studies

Parotid salivary gland: The parotid salivary gland was sur-
rounded by a thin connective tissue capsule, which contained
large blood vessels. Septa from the capsule divided the substance
of the gland into lobes. These septa, containing the large blood
vessels and ducts, gave off smaller septa which divided the lobes
into lobules (Figure 5A).

The parotid salivary gland of the dog was composed of pure se-
rous acini, which were closely packed together. No mucous se-
cretory units could be detected. The serous acini were generally
spherical and they had very narrow central lumina which were
surrounded by pyramidal shaped secretory cells and basely situ-
ated myoepithelial cells. The secretory cells had somewhat basely
located rounded nuclei. These secretory acini were drained by in-
tercalated ducts which lead to the striated ducts and consequently
to a larger interlobular duct. The intercalated ducts were small,
short, and few in section. They were composed of short highly
basophilic cuboidal cells. The striated ducts wereprominent and
easily recognized. They were lined by tall columnar cells with large
nuclei located centrally or towards the apex of the cell. The cyto-
plasm stained intensely with eosin and had basal striations (Figure.
5B-D). The interlobular ducts were located in the connective tis-
sue septa between lobules. They were lined by simple columnar
epithelium, which changed to stratified cuboidal then stratified
columnar as the ducts became larger and fused with similar ducts
draining other lobules forming the interlobar ducts (Figure 5E).
Finally, the interlobar ducts converged and joined to form the
main parotid duct which is lined by stratified columnar epithelium
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(Figure. 5F, G). Histochemically, the secretory acinar cells exhib-
ited weak positive reaction for PAS stain and negative reaction for
alcian blue stain. The duct system revealed negative reaction for
PAS stain (Figure. 5H).

Mandibular salivary gland: The mandibular salivary gland was
surrounded by a thick connective tissue capsule which sent fine
trabeculae subdividing the gland into lobes. therefore, the sup-
porting tissue of the gland was very weak. On the contrary, the
patenchymatous tissue was very dense and compact. The connec-
tive tissue contained blood vessels and interlobar ducts. The inter-
lobar ducts joined to form the mandibular duct which resembled
the parotid duct and was lined by stratified columnar epithelium
(Figure. 6A-C). The mandibular gland represented a mixed gland
with predominant mucous acini in addition to few serous demi-
lunes and sporadic serous acini. The mucous acini were spheri-
cal and sometimes tubular. They were pootly stained with H&E.
Their nuclei were typically condensed and flattened against the
basement membrane. The intercalated ducts were short and small
with narrow lumen, while the striated ducts were long and large,
similar to that of the parotid gland (Figure 6D-G). Histochemi-
cally, the secretory acinar cells showed strong positive reaction
for both PAS and alcian blue stains. With diastase digestion for
one hour at 37°C, the magenta colour intensity of PAS test was
slightly reduced. The duct system revealed negative reaction for
both PAS and alcian blue stains. Only the luminal content of the
ducts showed positive reaction for both dyes (Figure 6 H, I).

Sublingual salivary gland: The sublingual salivary gland pre-
sented a mixed gland, its caudal part enclosed within the thick
capsule of the mandibular salivary gland. It consisted of serous

Table 3. Histological and histochemical characterization of major salivary glands in dogs.

Items of Evaluation Parotid SG Mandibular SG Sublingual SG Zygomatic SG
Gland capsule Thin thick thick Thin
Mixed gland Mixed gland with
Acini Pure serous acini with predomi- serous and mucous Mixed with principally

nant mucous
acini

acini of neatly equal mucous acini

density

Small and short

Intercalated ducts . .
Few in section

Short and small
with narrow

Numerous and large

with exceptionally Large with wide lumen

The secretory acini
exhibit weak posi-

_ tive reaction
PAS stain

lumen large lumen.
. Prominent and eas- . .
Striated ducts . . Long and large Few in number Few in number
ily recognized
The secre- Some revealed posi-

tory acini exhibit
strong positive
reaction

The secretory acini
exhibit strong positive
reaction

tive reaction while
others showed nega-
tive reaction

The duct system
exhibit negative
reaction

The duct system
exhibit negative
reaction

The duct system The duct system exhibit

exhibit negative . )
negative reaction

reaction

The secretory acini
exhibit negative

) . reaction
Alcian Blue stain

The secre-
tory acini exhibit
strong positive
reaction

Some revealed posi- .
. . . The secretory acini
tive reaction while e .
exhibit strong positive
others showed nega- .
. . reaction

tive reaction

The duct system
exhibit negative

reaction

The duct system
exhibit negative
reaction

h -
The duct system The duct system exhibit

exhibit negative . .
negative reaction

reaction
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Figure 4. Parotid salivary gland of dog stained be HE except for (I) is stained by PAS. (A) The gland is surrounded by connective tissue
capsule (C) which gives off septa (*) dividing the gland into lobes (L) and lobules (Lu). Blood vessel (arrow). (B) The gland is composed
of pure serous acini (S). Intercalated duct (ID), striated duct (SD), basal striations (arrow), interlobular connective tissue (*), and inter-
lobular duct (arrow). (C) Higher magnification of the boxed area in Fig. B shows serous acinus opening into intercalated duct. (D) The
myoepithelial cells (arrows) embracing serous acini (S). Striated duct (SD). (E) The interlobular ducts (arrows) are located in the connec-
tive tissue septa (CT) between the lobules (Lu) and fuse with similar ducts draining other lobules forming the interlobar ducts (*). (F,G)
The parotid duct of dog is lined by stratified columnar epithelium. (I) the parotid salivary gland of dog showing weak positive reaction
for PAS stain within the secretory acinar cells (S) and negative reaction within the duct system (D).

Figure 5. The mandibular salivary gland of dog stained by HE except for (H, I stained by PAS and AB). (A) The fine trabeculae (arrow)
subdividing the gland into lobes (L). Notice, the interlobar connective tissue (CT) contains the interlobar ducts (D). (B) Higher magnifi-
cation of the rectangular area in Fig. (A) showing the parasympathetic mandibular ganglion (G) and nerve (N) within the interlobar con-
nective tissue (CT). (C) The mandibular duct of dog is lined by stratified columnar epithelium. (D) The gland is mixed with predominant
mucous acini (M) and few serous acini (S). Striated ducts (arrow) and interlobar duct (¥). Notice, fine trabeculae (arrows) separating the
gland lobes (L). (E) The intercalated ducts (ID). Mucous acini (M). (F) The gland is composed mainly of spherical and tubular mucous

acini (M). Striated duct (SD), and interlobar duct (*). (G) The small group of serous acini (*) at the periphery of the lobe. Mucous acini

(M), and striated duct (SD). (H) The strong positive reaction for PAS stain within the secretory acinar cells, while the duct system (D)
possesses negative reaction. (I) A strong positive reaction for alcian blue stain within the secretory acinar cells. The duct system itself (D)
possesses negative reaction.
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Figure 6. The sublingual salivary gland of dog. (A) A large amount of lymphocytes (L) in the loose connective tissue surrounding the
acini. Serous acini (S), mucous acini (M) (H&E). (B) The intercalated ducts (ID) are numerous and large with exceptionally wide lumen.
Striated duct (SD), serous acini (S), mucous acini (M), serous demilunes (arrows), blood vessel (arrow) (H&E). (C, D) Some acini reveal

positive reaction with PAS and alcian blue stains, while others show negative reaction for both stains respectively.

Figure 7. The zygomatic salivary gland of dog (A) showingthe gland consists principally of mucous acini (M) with small groups (S) of
serous acini. Interlobular connective tissue (CT). (H&E). (B- D) Many sections of intercalated ducts (ID) in the lobule than those of
the striated ducts (SD).Mucous acini (M), serous acini (S) (H&E).(E) The secretory acinar cells possess strong positive reaction for PAS
stain, while the duct system (D) reveals negative reaction (PAS stain). (F) The strong positive reaction for alcian blue stain within the
secretory acinar cells, while the duct system (D) exhibits negative reaction (Alcian blue stain).

acini, as well as, mucous acini with serous demilunes of neatly Many sections of intercalated ducts could be observed in the lob-
equal density. The intercalated ducts were numerous and large ule than those of the striated ducts. The connective tissue septa
with exceptionally wide lumen. The striated ducts which were few between the lobules contained the intetlobular ducts, which were
in numbers, had neatly the same diameter as the intercalated ducts lined by stratified cuboidal epithelium. Histochemically, the pre-
with somewhat narrower lumen and higher epithelial lining, The dominant mucous secretory acinar cells exhibited strong positive
loose connective tissue surrounding the acini and ducts contained reaction for both PAS and alcian blue stains. With diastase diges-
large amount of lymphocytes (Figure 7A, B). Histochemically, tion for one hour at 37°C, the magenta colour intensity of PAS
some acini revealed positive reaction with PAS and alcian blue test was slightly reduced. The ducts displayed negative reaction
stains, while others showed negative reaction for both stains (Fig- for both PAS and alcian blue stains).
ure 7C, D).

Discussion
Zygomatic salivary gland: The zygomatic salivary gland was a
mixed gland surrounded by thin capsule, consisting principally of The present study highlighted on the characteristic anatomical,
mucous acini. Some acini had serous demilunes. Solitary, as well morphometrical, as well as, histochemical features of the major
as,small groups of serous acini were occasionally observed within salivary glands in dogs. To the best of our knowledge, neither the
the lobule. The intercalated ducts were large, with wide lumina. morphomettical not the histological characters have been studied
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well in literature.

Concerning the anatomical studies of the SGs, our results were
in corresponding with the findings of Thome [8], Dyce el al., [9],
and Weinder et al., [10] as the parotid gland is the triangular gland
that is moulded around the proximal portion of the auricular
cartilage. It occupies a depression between the masseter muscle,
the wing of the atlas, and the auricular cartilage. The mandibular
gland is an ovoid gland in the upper neck region, contained within
a strong fibrous capsule occupies a superficial position and is not
covered by the parotid, with it, is fused the major sublingual gland.
The zygomatic gland lies medial to the zygomatic arch.

The location of the parotid ventral to the base of the ear in dogs
is similar to the location of it in other species such as human [11],
rabbits [12], Koala [13], rodents [14] and rats [15]. The mandibu-
lar gland in dogs is situated caudal to the sublingual gland and
such position was similarly found in the rabbits but differently,
each of them has its own surrounding capsule [12]. As same as
to rodent, but not to the rabbits, in dogs, from our obtained re-
sults, both mandibular and sublingual glands are enclosed within
a strong fibrous capsule [10, 11]. Similar to our findings, the zygo-
matic gland in dogs situated ventral to the zygomatic arch [2, 9].

The morphometrical results revealed that the mandibular gland
forms about 42% of the total weight of the studied salivary
glands, and it is the largest and heaviest gland in dog followed by
the parotid gland which forms about 34%, then comes the zygo-
matic gland which is about 17% and the sublingual gland forms
the lowest percentage which reaches about 6%.

In contrast to other species as rabbits [12] and human [16], in
which the parotid salivary gland considered the largest gland,
whereas, in the dog the mandibular is the largest major salivary
gland, as in the mouse [17].

Similar to the humans, the sublingual glands in dogs are found to
be the smallest of the major salivary glands and also located deep-
ly under the mucous membrane of the floor of the mouth [18].

The parenchymatous tissue of the mandibular gland in dogs is
very dense and compact, while the supporting tissue is very weak
resulting in indistinct lobulation of the gland. On the contrary, the
parotidsalivary gland possesses distinct lobulation, thick connec-
tive tissue septa and the parenchymatous tissue is relatively loose.
The mandibular gland could be considered as the master of the
salivary glands in dog since it is the largest, the more parenchyma-
tous and denser.

The surgical excision of the parotid salivary gland may be a chal-
lenge compared to the excision of the mandibular and sublingual,
or zygomatic glands. This may be due to its intimately attachment
to the surrounding musculature and several important neurovas-
cular structures including; the superficial temporal artery, internal
maxillary vein, rostral auricular artery and vein, buccal nerves, and
facial verve and its branches. Because of the positioning of the
mandibular gland between two large blood vessels; the maxillary
and lingufacial veins, immobilization of the gland in situ by the
index and thumb fingers, the incision over the gland directly, and
dissection of the glandular tissue from the capsule may be easier
to excise the gland and safer to the surrounding blood vessels.
The excision of the zygomatic SG may necessitate osteotomy or

https://scidoc.org/IJVHSR.php

ostectomy of the zygomatic arch.

In canine salivary glands, the microscopic examination of the four
major glands revealed various proportions and distributions of
serous and mucous acinar cells. Our results revealed thatthe pa-
rotidsalivary gland consists mostly of pure serous acini producing
mainly a serous secretion, while the mandibular and zygomatic
salivary glands are mixed glands with predominant mucous acini
giving a mainly mucous secretion.

Similar findings regarding the mandibular SG were also reported
in other species as in the rhesus monkeys [19], cats [20], Wistar
rats [21], minipigs [22], bovine and deer [23] and Furopean ham-
ster [24].

EL-Kordy et al., [25] and Gomi et al., [26] recorded similar find-
ings to ours regarding the sublingual salivary gland as a mixed
gland containing serous and mucous acini of neatly the same den-

sity.

The character of purely serous parotid gland currently observed
in the dog appeared similar to those previously observed in the
parotid of other animal species such as rabbit [12], African palm
squirrel [27], human and rodent [11], European hamster [24], deer
[23], minipigs [28], goat and sheep [29], mice [30], monkeys [19],
and the rat [31]. On the contrary, different results obtained from
Jacob and Poddar [32] in which they described the parotid gland
as mixed gland of serous and mucous acini in ferret.

Elewa et al., [33] attributed the serous type of parotid gland that
observed in the herbivorous animals and the mixed one in the
carnivorous could be related to the type of feeding in these ani-
mal species.

Concerning the secretion of each gland, the histochemical results
of the current study showed that, the secretion of the parotid
salivary gland is watery with little neutral mucin, while that of the
mandibular and zygomatic salivary glands is mixed, predominant-
ly mucous with a mixture of neutral and acid mucins. In addition,
the secretion of the sublingual salivary gland is mixed; watery and
mucous containing neutral and acid mucins.

The activity of the salivary glands depends on the nature of the
food as a dog fed dry food produces saliva that is predominantly
serous, while dogs on a meat diet secrete saliva with much more
mucus. Consequently, we can suppose that, the parotid salivary
gland becomes more active in dogs fed dry food since its secre-
tion is mainly serous, while the other salivary glands especially the
mandibular and the zygomatic become more active in dogs on a
meat diet as their secretion is mainly mucous.Hence, in the dog
that one of its salivary glands was excised, the type of its food
may have to be changed according to the excised SG and upon
the nature of its secretion.

Conclusion

Based on the surgical anatomy of the major SG, surgical excision
of the parotid SG may be the most challenge due to vital blood
vessels and nerves invading its parenchyma (the branches of the
facial nerve, the maxillary and superficial temporal arteries, as well
as, the internal maxillary vein). Creating an incision directly over
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the thick fibrous capsule of the mandibular SG and dissection of
the gland from the capsule may be easier to excise the gland and

safer to both; the maxillary and linguofacial veins. The excision of

the zygomatic SG may necessitate osteotomy or ostectomy of the

zygomatic arch.

Based on the histological and histochemistry of the major salivary

glands, the dog that one of its salivary glands was excised, the type

of its food may have to be changed according to the excised SG

and upon its nature of secretion.
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