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© 2012 The Japan Society of Histochemistry andMajor salivary glands of both humans and rodents consist of three pairs of macroscopic

glands: parotid, submandibular, and sublingual. These glands secrete serous, mucous or

mixed saliva via the proper main excretory ducts connecting the glandular bodies with the

oral cavity. A series of discoveries about the salivary ducts in the 17th century by Niels

Stensen (1638–1686), Thomas Wharton (1614–1673), and Caspar Bartholin (1655–1738)

established the concept of exocrine secretion as well as salivary glands. Recent investigations

have revealed the endocrine functions of parotin and a variety of cell growth factors produced

by salivary glands.

The present review aims to describe macroscopic findings on the major salivary glands of

rodents and the microscopic differences between those of humans and rodents, which review

should be of interest to those researchers studying salivary glands.
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I. Introduction

The oral cavity is underlined by a mucosal membrane

and is always moistened by the saliva secreted by the

associated major and minor salivary glands. Major salivary

glands in humans as well as mice and rats (referred to as

‘rodents’ in this review) are composed of three pairs of

macroscopic glandular organs: parotid, sublingual, and sub-

mandibular [2, 36, 49]. Differing from the other alimentary

tract-associated glands, the salivary glands are innervated

by both sympathetic and parasympathetic nerves, resulting

in the constitutive secretion of saliva under any physiolog-

ical condition [32]. Both the flow rate and composition of

saliva are altered by the stimulation from autonomic nerves

and mastication [48]. The secretory cells making up the

acini of these glandular tissues produce serous, mucous or

mixed saliva. Saliva is secreted into the oral cavity via a

series of ducts in the ductal system, and plays diverse roles

by having digestive, antibacterial, buffering, lubricant, and

water-balance functions [16]. Dysfunction of salivary secre-

tion (hyposalivation) causes xerostomia (dry mouth) and

sequentially leads to severe dental caries as well as oral

mucosal disorders [14, 47]. Hyposalivation is caused by

systemic diseases such as Sjögren’s syndrome and by

pharmaceutical side effects, salivary stones, and tumors as

well as medical treatments including radiotherapy [11, 15,

40].

Clinical and pathological researchers learn the anat-

omy and histology of human tissues; on the other hand,

researchers are interested in normal morphology and/or

function use animals for experimental treatments and pro-

cedures. Technical and bioethical limitations with respect

to the handling of human tissues, as well as advancements

in gene analytical studies using knockout animals, have

heightened the need for a good understanding of the tissues

of experimental animals, especially those of rodents. Thus,

for clinical and basic researchers there is a need for broader

knowledge about salivary glands of both humans and

rodents.

However, the differences in salivary gland morphology
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between humans and rodents are not common knowledge

[2, 7, 9]. In textbooks of histology for medical and dental

students, of course, human salivary glands, but not rodent

glands, are described. Many beginners in salivary gland

research, therefore, could have the misunderstanding that

rodent glands are the same as human ones. In this review

article, we describe the basic morphology of rodent salivary

glands and the morphological differences between the

human and rodent glands.

II. Macroscopic Anatomy of Salivary Glands

Parotid gland

Human parotid gland, the largest salivary glands,

locates within the triangle surrounded superiorly by the

zygomatic arch, anteriorly by the masseter, and posterior-

ly by the sternocleidomastoid. The inferior and medial

poles are mostly confined to the angle of mandible and

to the temporomandibular joints, respectively. The parotid

(Stensen’s or Stenon’s) duct leaves the anterior border,

passes anteriorly on the masseter, penetrates the buccinator,

and opens finally into the buccal cavity. The facial nerves

(cranial nerve VII) penetrate through the parotid gland [2,

36, 49].

In rodents, the parotid gland is located behind and

below the ear, caudally bordering the submandibular gland

[19]. This parotid gland is embedded in subcutaneous

adipose tissues underlining the integument of the lateral

neck. Being removed from the skin, the gland seems like a

“pancreas” in the mesentery. The extraorbital lacrimal gland

is the most notable to be distinguished from the parotid

gland, and is found under the skin on the lateral side of the

face near the ear in rodents (Fig. 1).

Sublingual and submandibular glands

Human sublingual and submandibular glands locate

superior or inferior space of the mylohyoid, respectively.

The superior border of sublingual gland represents the

sublingual fold in the oral floor. The numerous orifices of

minor sublingual ducts open on the sublingual fold. The

submandibular (Wharton’s) duct runs forward along the

lingual nerve in the sublingual space to open in the sub-

lingual caruncle with the major sublingual (Bartholin’s)

duct [2, 36, 49].

Rodent sublingual glands are located together with

the submandibular glands in the anterior neck spaces

between the submandibular lymph nodes and the sternum

(Fig. 1). The sublingual gland occupies the latero-rostral

one fourth of the submandibular-sublingual complex. The

rostral margin of both glands borders the submandibular

lymph nodes. Both glands are encapsulated with a common

fascia; however, those in living animals and those perfused

with a fixative solution are discriminable by a minute

difference in shade of appearance (Fig. 1). Nomenclatures

of salivary glands are based on the location of duct open-

ings, histology, and parasympathetic innervation of human

salivary glands [52]. Main excretory ducts of the sublingual

and submandibular glands are separate.

III. The Duct and Acinar Systems of Salivary 
Glands

Duct system and excretory duct

Like the human salivary glands [2, 49], the duct

system of rodents is composed of the intercalated (ID),

striated (SD), excretory (ED), and main excretory ducts.

The main excretory ducts of the major salivary glands were

designated originally as Stensen’s or Stenon’s (parotid),

Wharton’s (submandibular), and Bartholin’s (major sub-

lingual) ducts, which are visible macroscopically. Saliva

produced by acinar secretory cells in the glandular body

flows sequentially through the ID, SD, and ED.

Fig. 1. Macroscopic anatomy of the anterior and lateral neck portions of mice before (a) and after (b, c) the perfusion of fixative and removal of

fat tissues. Anterior neck is occupied by large white fat tissues including salivary glands (a). Upon removing fat tissues and submandibular

lymph nodes, salivary and extraorbital lacrimal glands were exposed. The extraorbital lacrimal gland (*) is located anterior to the parotid gland

(P). The submandibular (SM) and sublingual (SL) glands are encapsulated with common fascia.
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The epithelium of the ED consists of various types

of columnar cells, the functions of which are unknown

[37, 38]. In this epithelium brush (tuft) cells possessing

microvilli at their luminal cell membrane are present, and

they could be involved in secretion, resorption or sensation

of salivary flow [38, 39].

Striated ducts

The SD is a specialized portion of the ductal system

and functions for the secretion and resorption of electrolytes

transported bidirectionally between the ductal lumen and

the extracellular spaces. Transmembrane active pumping is

mainly carried out by various types of ion channels requir-

ing energy [16]. An increase in the basolateral surface and

higher yield of energy are permitted by the basal infolding

and numerous mitochondria sandwiched between enfolded

basal membranes, respectively. These structural features

form ‘the basal striation’ seen light-microscopically, which

is the origin of the term “striated duct.” A similar structure

is also present in the distal urinary tubules in the kidney

(Fig. 2).

There is much less morphological evidence reflecting

the functions of the SD besides the evidence indicating the

transfer of electrolytes and water, but ultrastructural and

histochemical studies have demonstrated that SD cells of

mammals including humans and rodents contain numerous

small clear (empty-appearing) vesicles in their apical cyto-

plasm [10]. These vesicles express histochemical markers

for endocytosis and transcytosis. Salivary products pro-

duced by the acinar cells are incorporated by SD cells under

both physiological and pathological conditions. Moreover,

these clear vesicles in the apical cytoplasm are involved in

the transcytosis of secretory immunoglobulin (IgA) from

the basolateral to apical lumen [43]. In human salivary

glands, immunostaining for the secretory component (SC)

was generally faint but increased in intensity at the cell

periphery and particularly at the luminal face of striated and

intercalated ducts and serous acini. IgA is also distributed

similar to that of the SC [24].

Intercalated ducts

The ID is located between the acinus and the SD and

receives the primary saliva directly from the acini. Cuboidal

epithelial cells form the ductal epithelium, which is partially

covered by myoepithelial cells (Fig. 3). The ID cells had

been mentioned to be hidden stem cells of both acinar and

ductal cells. The most reliable and traditional evidence

suggesting this stem cell hypothesis is the higher incorpo-

ration of labeled nucleic acid bases such as tritiated thymi-

dine or 5-bromodeoxyuridine (BrdU) in the ID than in any

other portion of the ductal system [13]. Furthermore, endo-

dermal stem cells that can differentiate into pancreatic cells

are induced in the duct-ligated submandibular gland of mice

[29], and stem cell-related factors have been recognized in

IDs [20, 34, 35]. In the neck portion of the ID, clusters of

the BrdU label-retaining cells that lack acinar or ductal

markers are found and these certainly include salivary gland

stem cells [21].

Each cell of an ID appears to be uniform but slightly

heterogeneous upon histochemical and electron microscopic

observations. Both granular and agranular types of ID cells

are distinguishable [8], and the former represents a remnant

of the perinatal secretory cell phenotype of the terminal

tubules (TT) forming the terminal portions of embryonic

and immature submandibular glands [8, 31, 52]. One of our

earlier studies demonstrated that a 25–27 kDa heat shock

protein (Hsp27) is localized in both postnatal TT cells

located at the center of developing acini (Fig. 3) and in

Fig. 2. Electron microscopy of striated duct cells of the submandibular gland (a) and distal urinary tubule cells of the kidney (b) of rats. Both

cells develop numerous vertically-arranged mitochondria (*) and the basal infoldings of cell membrane (the basal striation).
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granular ID cells, in addition to being detected in apoptotic

immature acinar cells [8]. These TT cells exhibit substantial

proliferative activity until 2–3 weeks after birth and then

differentiate into mature acinar cells [12]. Moreover, the

profiles of the secretory granules in the TT and ID cells are

very similar, thus suggesting that granular ID cells are of

TT origin and may hide potent proliferative and differenti-

ation capability in mature salivary glands under physiolog-

ical conditions. In duct-ligated submandibular glands of

rats, Hsp27-positive epithelial cells are substantially but

temporarily induced after the ligation is stopped [41]. These

data strongly suggest that the ID include the precursor or

stem cells of the salivary glands.

Granular ducts

Principal GCT cells and pillar cells

The granular duct (granular convoluted tubule, GCT)

is located between the ID and SD in the rodent submandib-

ular gland. The duct wall is composed of a simple columnar

epithelium (Fig. 4). The principal cell type of the GCT is a

high-columnar secretory cell containing many secretory

granules in its supranuclear cytoplasm. These granules

contain a variety of biologically active polypeptides such as

cell growth factors and hormones and are exocytosed in

response to neural and hormonal stimuli. In addition, “pillar

cells” with a narrow lumen and wide base exist sandwiched

between principal GCT cells (Fig. 4b). The functional roles

of these pillar cells are unclear, but a paracrine function

Fig. 3. Immunohistochemistry and electron microscopy of the intercalated duct of the rat submandibular gland. Smooth muscle-action-

immunohistochemistry shows distribution of myoepithelial cells along the intercalated duct (*) as well as acini (A). No myoepithelial cells are

associated with other duct portions such as the striated (SD) and granular ducts (GD). The intercalated duct cells are cuboidal in shape and

partially surrounded by myoepithelial cells (arrowhead, b). Hsp27-immunohistochemistry of 3-week-old rat submandibular gland shows the

centrally-located immunopositive terminal tubule cells (arrows, d). Electron micrograms of Hsp27-immunohistochemistry of 4-week-old

rat submandibular gland show that Hsp27-immunoreactive terminal tubule cells differentiated into immature acinar cells (d) and granular

intercalated duct cells (e). L, lumen; S, secretory granules in acinar cells.
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Fig. 4. Photomicrographs of rat (a, b, e, f), mouse (c, d) and human (g) submandibular glands. Electron microscopy shows supranuclear

localization of numerous exocrine secretory granules in the granular duct cells (a). FGF2-immunoelectron microscopy shows an immuno-

positive pillar cell (*) without large secretory granules present between the principal granular duct cells without FGF2-immunoreactivity (G)

(b). EGF-immunohistochemistry of the submandibular glands shows specific localization of EGF in the granular duct in male (c) and female (d)

mouse. Note that EGF-immunopositive granular ducts are less developed in the female submandibular glands than the male glands. Colloidal-

gold particles representing the immunoreactivity for EGF are exclusively localized in the secretory granules of the granular duct cells (e).

Expression of EGF-mRNA is specifically localized in the basal cytoplasm of the granular duct cells (f). In human submandibular glands, EGF-

immunoreactivity is dominantly localized in the striated duct (arrows) and partially in the serous acinar cells (arrowheads). No immunoreaction

is detected in mucous acini (*) (g).
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based on FGF2 immunolocalized in their cytoplasm has

been suggested [5].

Cell growth factors

The GCT produces and secretes a variety of bioactive

polypeptides, hormones, and cell growth factors including

EGF, NGF [10, 17, 18, 26], BDNF [22, 45], HGF [2, 6, 7],

IGF-I [2, 4, 7], TGF-α [50], and TGF-β [2, 3, 7]. Also,

FGF2 is contained in the cytoplasm of the pillar cells

[2, 5, 7]. There is no doubt that these factors are produced

by GCT cells and secreted into the saliva in an exocrine

fashion (Fig. 4c–f) and thus pass into the oral cavity and

then permeate the upper digestive tract. Salivary gland-

derived growth factors could act directly on the mucosal

membranes for their protection and repair. For example,

EGF inhibits acid secretion, protects gastric mucosa against

injury, and accelerates mucosal ulcer healing by stimulating

cell migration and proliferation [23, 44]. Further sugges-

tions have been made that such factors are reabsorbed by

the mucosa and transported to remote organs via the blood-

stream [7, 9, 10, 17, 18]. Removal of salivary glands in

rodents causes a reduction in the EGF content in plasma

[44]. Labeled-EGF supplemented via the oral cavity can be

detected in the lungs and skin, as well as in the digestive

tract and craniofacial organs [33]. Salivary gland-derived

growth factors can function as hormones outside the oral

cavity and digestive tract.

Before the discovery of salivary gland-derived growth

factors, e.g., NGF and EGF, salivary endocrine factors had

been explored; and the salivary gland hormone “parotin”

was purified from the bovine parotid gland [28] and evalu-

ated for its immunolocalization in duct cells [42]. Although

parotin is effective for epithelial growth and repair and for

calcification, advancement of our understanding as to how

it functions as a salivary gland hormone is limited. How-

ever, the endocrine function of salivary glands has been

established by the detection of many growth factors in the

salivary glands of rodents as well as humans.

Growth factors in human salivary glands, which lack GCTs

Human salivary glands also secrete growth factors

from portions within the glands other than the GCTs, which

are not present in humans. However, morphological analy-

ses have been much fewer than in the case of the rodent

glands. EGF is immunolocalized in human serous acinar

cells (Fig. 4g) and may be released into the primary saliva,

and then partially delivered by transcytosis across SD cells

to the interstitium and ultimately into the blood circulation

[10, 25], in addition to EGF that is delivered in exocrine

fashion and reabsorbed in the digestive tract. Endocrinolog-

ical functions of the salivary glands by BDNF is mentioned

by Dr. Tsukinoki in the present issue.

Sexual dimorphism

The GCT cells are differentiated from the striated duct

cells and maintained by male sex hormones such as testos-

terone [31]. GCT cells are dedifferentiated by castration

or hypophysectomy and are recovered by the administration

of testosterone [7, 9]. GCT is poorly developed in female

submandibular glands (Fig. 4c, d). Hyper-differentiation of

GCT cells is induced by testosterone administration [31].

Male-dominant growth factors in mice acts on spermato-

genesis [46], as well as on the adrenal medulla to promote

aggressive behavior [1]. Sexual dimorphism of the mouse

submandibular gland is more prominent than that of the rat

gland.

Acinus

The acinus, the secretory endpiece of salivary glands,

produces and secretes the primitive saliva into the central

lumen. An acinus is composed of a number of excretory

secretory cells and surrounding myoepithelial cells. Major

types of acinar secretory cells are serous and mucous in

both human and rodent salivary glands. However, histo-

chemical and biochemical studies have revealed that the

chemical composition and morphological profiles of secre-

tory granules in these cells are much different between these

two types of secretory cells [30]. Mucous secretory granules

contain appreciable amounts of mucin and glycoconjugates,

whereas serous secretory granules contain little glycoconju-

gates and a large amount of water and ions. Serous granules

containing acidic glycoconjugates are termed ‘seromucous’

[27]. In both human and rodent salivary glands, serous cells

in salivary glands are correctly termed ‘seromucous’.

The distal ends of mucous acini are surrounded by

serous demilunes. These demilunes are observed in the

submandibular glands of humans and in the sublingual

glands of both humans and rodents. Saliva secreted by

the demilune cells is delivered by intercellular canaliculi

between the mucous cells. Yamashina and colleagues have

demonstrated that the serous demilune is formed artificially

by chemical fixation, and they revealed by rapid-freezing

fixation that the ‘vital’ end portion of the mixed acini are

composed of irregularly-arranged cells of both types [51].

IV. Microscopic Anatomy of Human and 
Rodent Salivary Glands

Parotid gland

Both human and rodent parotid glands are composed

of pure serous acini (Fig. 5a–c). The acinus is composed of

serous secretory cells that contain many secretory granules

having an electron-lucent profile and are situated in the

supranuclear cytoplasm. These cells have a well-developed

rough endoplasmic reticulum in the infranuclear region and

are surrounded by myoepithelial cells. The ID and SD are

prominent. The human parotid gland is well characterized

intralobular adipose tissues, whereas the adipocytes are not

prominent in the rodent parotid gland.

Submandibular gland

The human submandibular gland is a mixed gland

composed of both serous and mucous acinar cells, whereas

the rodent one has only the serous type (Fig. 5a, d, e).
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Fig. 5. Light micrographs of major salivary glands of the rat (a, b, d, f) and human (c, e, g). Major salivary glands of rats are easily distinguish-

able light-microscopically by the histological features of acinar and ductal structures (a). In rat (b) and human (c) parotid glands, acini are

composed of serous (or seromucous) cells. In rat submandibular glands (d), the granular ducts (GCT) are markedly developed but mucous acini

and serous demilunes are not recognized. In human submandibular glands (e), mixed acini accompanying serous demilunes are observed

whereas no GCT portions are found. In rat (f) and human (g) sublingual glands, mixed acini accompanying the serous demilunes are observed.

P, parotid gland; SL, sublingual gland; SM, submandibular gland; S, serous acini; M, mucous acini; SD, striated duct; ID, intercalated duct; GD,

granular duct; D, demilune.
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Whereas serous demilunes are marked in the mixed acini of

the human gland, no demilunes or mucous cells are present

in the rodent gland. The GCT portions of rodent subman-

dibular glands have often been mistaken for mucous acini

or tubules. The ID and SD are also well developed in both

species. A myoepithelium covers the serous acini as well as

the ID.

Sublingual gland

Sublingual glands of both humans and rodents are

mixed glands (Fig. 5a, f, g). Their acini are composed of

centrally-located mucous cells and peripheral serous demi-

lunes. Therefore, sublingual and submandibular glands are

easy to distinguish from one another light-microscopically.

The borderline connective tissue between the sublingual

and submandibular glands is clear and includes parasym-

pathetic neurons of the submandibular ganglion.

V. Immunohistochemical Issues Regarding 
Rodent Salivary Glands

In addition to general immunohistochemical issues,

non-specific reactions of rodent salivary glands to second-

ary antibodies are notable. Such dubious staining is remark-

able in the ductal portions (Fig. 6). Non-specific bindings

of the secondary antibodies to the salivary duct cells

could be the result of the secretory immunoglobulin during

transcytosis. We strongly recommend carefully selecting

secondary antibodies suitable for the tissues used in

experiments. Conventional control staining procedures may

result in misjudgment as to the immunohistochemical spec-

ificity. If a weak immunoreaction is observed in the ducts,

careful consideration is necessary to judge the specificity of

the immunoreaction. Other histochemical methods such as

in situ hybridization and/or biochemical experiments are

strongly recommended to confirm the immunohistochemi-

cal results.

VI. Conclusions

Rodent salivary glands used in animal experiments

show a similar but different histology compared with the

human glands. Especially, rodent submandibular glands

develop GCTs producing a variety of cell growth factors.

Immunohistochemical staining of rodent salivary glands

requires a careful choice of secondary antibodies and neg-

ative control staining.
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Fig. 6. Non-specific immunoreactions in the rodent salivary glands. Without specific primary antibodies anti-mouse IgG secondary antibody

reacted with duct cells and luminal membrane of acinar cells in rat parotid glands (a) whereas no non-specific reaction was detected by using

pre-absorbed secondary antibody for rat tissues (b). The immunohistochemical procedure for the rat sublingual glands by the combination of an

anti-smooth muscle actin mouse monoclonal antibody, an established marker for myoepithelial cells, and conventional anti-mouse IgG antibody

triggers a broader immunoreaction than expected, including serous demilunes (c). After replacing the secondary antibody with the pre-absorbed

one for rat tissue, the immunoreaction is confirmed to localize in myoepithelial cells (d).
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