
The mammalian tongue can contain three distinct 

types of minor salivary glands, namely the Blandin-

Nuhn's glands, present in the lingual apex, von Ebner's 

glands, located in the vicinity of the taste buds, and 

Weber's glands, present in the root of the tongue (19, 

12). Blandin-Nuhn's glands are not present in all ma-

mmalian species (21), but von Ebner's and Weber's 

glands are invariably present (15). In addition, a set of 

midline lingual mucous glands has been reported in 

some bat species, such as the common vampire bat 

(20, 18) and the Japanese long-fingered bat (9, 18).

Unlike the major salivary glands, the minor salivary 

glands are disseminated (5) and not covered by a well-

 Lingual salivary glands are exocrine glands respon-

sible for the production of saliva.From those, von Ebner's 

glands, located in the vicinity of the taste buds, and 

Weber's glands, present in the root of the tongue can be 

mentioned. The aim of the present study was to evaluate 

the minor salivary glands located in the Wistar rat's 

tongue in order to obtain detailed information about their 

structure and function. Tongue samples from 5 rats were 

harvested, fixed in 10% buffered formalin,and processed 

according to the classical histological technique. In order 

to evidentiate several aspects, we used three different 

staining methods: Goldner's trichrome and two histo-

chemical special stainings, namely Periodic Acid Schiff 

(PAS) and Alcian Blue. The results obtained suggested 

that Weber's gland presents different morphological fea-

tures as compared with von Ebner's gland. The acinar 

cells of the von Ebner's gland showed an Alcian negative 

but a PAS-positive reaction. Moreover, the morphological 

aspect of the cytoplasm suggests that the secretion does 

not contain neutral mucins, but other types of PAS-posi-

tive substances. Contrariwise, the acinar cells in Weber's 

gland synthesize both neutral mucins, highlighted by the 

PAS reaction, and acidic mucins, highlighted by staining 

with Alcian blue. Besides, from a quantitative point of 

view, the neutral mucins surpass the acidic ones. The 

two glands present several differences from a morpho-

logical, but also from a functional point of view. Knowing 

the type and intensity of lingual salivary gland secretion 

is very important, especially in species that are frequent-

ly used as research models, such as the Wistar rat.
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 Glandele salivare linguale sunt formațiuni glandulare 

exocrine responsabile de producția salivei. Dintre aces-

tea, pot fi menționate glandele von Ebner, situate în veci-

nătatea mugurilor gustativi și glandele Weber, aflate la 

baza limbii. Scopul prezentului studiu a fost de a evalua 

glandele salivare minore aflate la nivel lingual la șobolanii 

Wistar, pentru a obține informații detaliate despre struc-

tura, dar și despre funcția acestora. Au fost recoltate 

probe de la nivel lingual, de la 5 șobolani Wistar. Acestea 

au fost fixate în soluție de formaldehidă 10% și ulterior 

au fost procesate conform tehnicii histologice clasice. 

Pentru a evidenția mai multe aspecte, am recurs la 3 co-

lorații diferite: tricrom Golder și două tehnici histochimi-

ce, mai exact colorația PAS și cu Albastru Alcian. Rezul-

tatele obținute sugerează că glandele Weber prezintă 

aspecte morfologice diferite față de glanda von Ebner. 

Celulele acinare din componența celei din urmă au înre-

gistrat o reacție negativă pentru Albastru alcian, dar po-

zitivă pentru colorația PAS. Mai mult decât atât, aspec-

tele morfologice ale citoplasmei sugerează că secreția 

acestor acini nu are în componență mucine neutre, ci 

mai degrabă alte substanțe PAS pozitive. Dimpotrivă, 

celulele acinare ale glandei Weber sintetizează atât mu-

cine neutre, cât și mucine acide, lucru demonstrat de re-

acția pozitivă întregistrată atât la colorația PAS, cât și Al-

bastru alcian. În plus, mucinele neutre depășesc canti-

tativ mucinele acide. Cele două glande sunt diferite atât 

din punct de vedere morfologic, cât și funcțional. Înțele-

gerea tipului de secreție dar și a modului de producere 

pentru glandele salivare minore linguale este foarte im-

portantă, în special pentru speciile folosite frecvent ca 

model experimental, precum șobolanii Wistar. 
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defined fibrous capsule (17) but are surrounded by fat 

cells and skeletal muscle fibers (15).

The von Ebner's glands consist of serous tubuloal-

veolar adenomeres and an excretory system orga-

nized in intercalated ducts and excretory ducts that 

open into the groove at the base of the circumvallate 

papillae (7). In rabbit studies, it was found that the von 

Ebner lingual salivary glands are formed during 

intrauterine life, simultaneously with the morpho-

genesis of the groove around the circumvallate papi-

llae. The excretory ducts appeared near the partu-

rition period, proliferated and branched with age, and 

showed a clear opening in the groove around the cir-

cumvallate papillae at 23 days postnatal (6, 10). Also, 

the acini of the von Ebner gland multiply forming lo-

bules up to 1-2 months postnatal. Similar results were 

recorded in rats (2), hamsters (16), and camels (1, 

14). Some authors argue that the circumvallate papi-

llae and von Ebner's glands form a single functional 

structure, consisting of a sensitive branch (taste buds) 

and an effector branch (Ebner's gland) connected by 

feedback control mechanisms (1).

Weber's glands are mixed glands made up of long 

tubules that are sometimes covered with serous demi-

lunes. Some authors consider that these glands do not 

contain true excretory ducts but glandular tubes 

formed by secretory cells, which grow in caliber and go 

to the crypts of the dorsal lingual surface. As it 

approaches the surface, the epithelium of these for-

mations changes into a stratified squamous epithe-

lium. The absence of canals in these glands indicates 

that saliva produced by glandular cells probably rea-

ches the oral cavity without undergoing any change 

(15). The serous cells of von Ebner's glands are in-

volved in the perception of taste by washing the food 

from the taste pores of gustatory papillae and prepa-

ring them to receive new stimuli. These secretions also 

ensure the dissolution of food components and their 

distribution to the taste buds (13, 11, 18). Due to their 

anatomical position, Weber's glands are strategically 

placed to help swallow. The mucus produced by these 

glands forms a slippery layer that promotes easy swa-

llowing of dry food and also facilitates tongue move-

ments. In humans and animals with lingual tonsils, the 

channels of Weber's glands open into their crypts, 

clearing the surface (15).

Most researchers argue that there are sometimes 

large differences in the number and structure of sali-

vary glands, as well as the chemical composition of the 

secreted saliva. These differences are due to a large 

number of factors, including class, genus, species, and 

to a large extent the specificity of the diet (22). Most 

researchers argue that there are sometimes large di-

fferences between rodent species in terms of the 

structure of the salivary glands and implicitly the che-

mical composition of saliva (23).

The aim of the present study was to evaluate the 

lingual salivary glands in Wistar rats in order to obtain 

detailed information about the structure and function 

of these glands for this species that is increasingly 

used as a model for various experimental studies.

MATERIAL AND METHODS

Biologic material

Five 11-month-old white Wistar rats, clinically 

healthy, were utilized for the study. The study was 

approved by the Bioethics Committee of the Faculty of 

Veterinary Medicine Cluj-Napoca (no. 292/22 Novem-

ber 2021).

Study protocol

In order to minimize the suffering of the animals 

and according to the present valid laws and reco-

mmendations, euthanasia was performed using an 

overdose of anesthetic (isoflurane). After this proce-

dure, the tongue was harvested for each individual. 

The obtained samples were cut into longitudinal slices 

about 5 mm in thickness and immersed in 10% bu-

ffered formalin for 5 days.

Histological assessment

After the fixation step was finalized, the samples 

were dehydrated with alcohol in increasing concentra-
O Otions (70 , 96 , and absolute), clarified with 1-butanol 

(three baths of 1 hour each), and embedded in paraffin 
Oat 56 C (three baths of 1 hour each). After paraffin 

blocks were created, 5 μm thick longitudinal sections 

were performed on a LEICA RM2125RT microtome. 

The sections were stained by Goldner's trichrome me-

thod for general histological aspects. For histoche-

mical investigations, the Periodic Acid Schiff (PAS), 

respectively Alcian blue (AB) special staining methods 

were applied. The histological preparations obtained 

were examined under an Olympus BX41 microscope 

equipped with an Olympus E330 digital camera.

RESULTS AND DISCUSSION

The glandular component of the Wistar rat tongue 

is represented by two minor salivary glands, namely 

the von Ebner gland and the Weber gland. They are 

arranged in the posterior third of the tongue, side by 

side, the von Ebner gland being placed in front of the 

Weber gland. Apart from these glands, no glandular 

components were found. The two glands lack their 

own capsule, so their lobules intertwine in some areas 

(Fig. 1A, B). Other studies reported the presence of 

the two types of lingual salivary glands in many ma-

mmal species, including aardvark (Orycteropus afer, 

Orycteropodidae) (8), rabbit (Oryctolagus cuniculus) 

(14), the lesser bamboo rat (Cannomys badius) (25), 

the large bamboo rat (Rhizomys sumatrensis) (24) 
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Fig. 1. Microscopical features of the lingual salivary glands in Wistar rats; (A) Goldner's trichrome stain - posterior portion 
(root) of the tongue, which presents mucous acini from Weber's salivary gland (green arrow); sparse and spaced muscular 
fascicles (orange arrow); excretory ducts (black arrow) that emerge and lead the secretion to the surface of the lingual mucosa 
(red arrow); (B) Goldner's trichrome stain – small, serous acini from von Ebner's salivary gland (green arrow); regional 
muscular bundles reduced and dilacerated due to the large number of the acini in the von Ebner's lobules (black arrow); 
excretory ducts that conduct the secretion product from the acini to the surface of the lingual mucosa (red arrow); Weber's 
gland (orange arrow); (C) PAS stain – intensely PAS positive acinar cells from Weber's gland (red arrow); PAS positive cells 
from the walls of the excretory duct (black arrow); large amount of neutral mucins present in the lumen of the excretory duct 
(orange arrow); striate muscle fibers present between the mucous acini from the Weber's gland (green arrow); (D) PAS stain – 
weekly PAS positive secretory cells from the von Ebner's gland (red arrow); narrow lumen (orange arrow) lined with cuboidal 
cells (black arrow) of the excretory duct from von Ebner's gland; striate muscle fibers present between the lobules of von 
Ebner's gland (green arrow); (E) Alcian blue stain - positive alcian reaction - medium intensity (++) of the cells of the acini of 
the Weber's gland (red arrow); positive reaction for the cells in the walls of the tubuloacinar units (black arrow), including in the 
lumen of the aforementioned stuctures of the Weber's gland (orange arrow); skeletal muscle fibers present in between the 
mucous acini from the Weber's gland (green arrow); (F) Alcian blue stain – negative acinar cells from von Ebner's gland (red 
arrow); large lumen of the excretory duct of the von Ebner's gland, free of alcian positive secretion product (black arrow); 
bundles of muscle fibers present among the lobules of von Ebner's gland (green arrow).
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Egyptian fruit bat (Rousettus aegyptiacus) and insec-

tivorous bat (Pipistrellus kuhlii) (12), horse (Equus ca-

ballus) (7), Persian squirrel (Sciurus anomalus) (18, 

19), capybaras (Hydrochoerus hydrochaeris) (26), a-

gouti (Dasyprocta punctata) (3).

The Weber's gland is located at the root of the 

tongue where it occupies a very large area (Fig. 1 A). It 

consists of mucous acini arranged in lobules that occu-

py practically most of the root, resulting in the reduc-

tion of the muscular component in this area to sparse 

and spaced fascicles. The acini are made up of large 

cells with foamy cytoplasm and nuclei pushed to the 

basal membrane, an aspect also found in other spe-

cies, such as rabbits (14). In the present study, we did 

not identify in Weber's gland different types of acini 

other than the mucous ones. From the acini of each 

lobe, excretory ducts emerge that lead the secretion to 

the surface of the lingual mucosa. These ducts do not 

resemble the structure of those of von Ebner's gland. 

They are practically formed by a long and wide tube 

lined by a simple epithelium very similar to acinar 

cells. In this tubular duct, mucous acini open along its 

entire length, from the depth to the final portion, 

where the epithelium gradually changes into a strati-

fied squamous epithelium. Results similar to ours have 

been reported in other species, where the gland also 

contained only mucous acini. These include the lesser 

bamboo rat (25), and the large bamboo rat (24). We-

ber's gland also contained a number of serous cells in 

some species, including the rat (15), degu (4) and the 

Persian squirrel (18, 19, 24), horse (7), man (17), 

Egyptian fruit bat (Rousettus aegyptiacus) and insec-

tivorous bat (Pipistrellus kuhlii) (12), aardvark (8). 

Some authors claim that serous cells in Weber's gland 

in rats possess all the structural features of protein-se-

creting cells, namely an extended rough endoplas-

matic reticulum, a prominent Golgi apparatus, and a 

multitude of dense secretory granules (15). The same 

authors state that the presence of a serous component 

in Weber's glands in the Persian squirrel's tongue may 

be related to taste perception, especially for the poste-

rior non-lingual taste buds, as reported in rats (15).

The von Ebner's gland occupies a significant part of 

the central lingual area. It consists of serous acini 

arranged in lobules. The acini are small in size and 

contain pyramidal cells with a spherical nucleus, which 

delimit a very small lumen through the apical pole 

(Fig. 1B). Due to their relatively large number, the lo-

bules of the von Ebner's gland cause both the dilace-

ration and removal of the muscle bundles and signifi-

cant reduction of the regional muscle. The excretory 

ducts conduct the secretion product from the acini to 

the groove around the circumvallate papillae and are 

formed by the segments encountered in the other 

salivary glands. In other species, the von Ebner's 

gland is also formed of serous acini (8, 14), from which 

excretory ducts emerge and open at the bottom of the 

groove around the circumvallate papillae (24).

Regarding the behavior of the histochemical reac-

tions used, we found differences between the two 

glands, both on the PAS reaction and the staining with 

Alcian blue (Fig. 1C, D, E, F).

On the PAS reaction, Weber's acinar cells have a 

cytoplasm highly loaded with PAS-positive (+++) 

secretory material, but also cells in the walls of the ex-

cretory duct are PAS-positive as well, at an intensity 

comparable to acinar cells (Fig. 1C). The intense PAS-

positive reaction in both acinar and excretory duct 

cells suggests that this gland secretes large amounts 

of neutral mucins. From the wide lumen of the excre-

tory ducts, as well as from the somewhat filiform ap-

pearance of the secretion existing in their lumen, it can 

be said that the viscosity of the excretory product of 

Weber's gland is relatively high. This suggests that the 

secretion of Weber's gland ensures efficient lubrication 

of the last part of the tongue, namely the root of the 

tongue which is practically devoid of the lingual papi-

llae, providing on the one hand mechanical protection 

against the action of food particles which have a cer-

tain hardness, and on the other hand the gentle sliding 

of food towards the pharynx.

The cytoplasm of the acinar cells of the von Ebner's 

gland also shows a positive PAS reaction, but both the 

intensity of the reaction and the shade in which the 

substances in their cytoplasm stain are very different 

from the situation encountered in the cells of Weber's 

gland (Fig. 1D). Thus, the intensity of the PAS reaction 

is lower than that found in the case of mucogenic cells 

of Weber's gland, although overall it is not a very weak 

reaction (++). As we stated, the shade that shows the 

secretion from the acinar cells of von Ebner's gland 

differs, presenting as a purplish red and not magenta 

as in the mucous cells of Weber's gland. Also, the lu-

men of the excretory ducts is relatively narrow, su-

ggesting that the secretion of this gland is fluid, flo-

wing easily through narrow channels. These aspects 

suggest that the secretion of this gland is not a mucous 

one, although PAS-positive substances are present in 

the cytoplasm of acinar cells (Fig. 1D).

On the Alcian blue staining, we also looked for po-

tential glandular cells for mucin secretion. Among the 

minor salivary glands existing in the structure of the 

tongue, the cells of the acini of Weber's gland showed 

a positive alcian reaction of medium intensity (++) 

(Fig. 1E). Moreover, there are differences between aci-

nar cells in the intensity of the reaction, which su-

ggests that either the acinar cells are not in the same 

secretory stage, or the elimination of the secretion 

product is not done by all cells at the same time. The 

cells in the walls of the excretory duct are also positive 

on the Alcian blue staining, but the intensity of the 

reaction is below the level of the acinar cells (+). 
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The presence of Alcian blue positive mucus demon-

strates that Weber's gland synthesizes both neutral 

mucus (highlighted by the PAS reaction) and acidic 

mucus (highlighted by staining with Alcian blue). From 

a quantitative point of view, neutral mucus surpasses 

acidic mucus, but the presence of both categories of 

mucus leads us to believe that the mucus synthesized 

by the acinar cells of Weber's gland, participates to 

some extent in processes other than mechanical pro-

tection and lubrication. It is also possible to provide 

some chemical protection and adjust the pH to the 

appropriate level for the passage of food into the gas-

tric compartment. The acinar cells of the von Ebner's 

gland are negative on Alcian blue staining, which con-

firms that they are not mucin-secreting cells, their se-

cretory products being of a protein nature (Fig. 1F).

A similar situation is found in other mammals such 

as the adult aardvark in which the acinar cells of We-

ber's gland showed an intense PAS-positive reaction 

and an intense Alcian positive reaction, but the von 

Ebner's gland cells were negative on the two histo-

chemical reactions (8). The cells of the von Ebner's 

gland were also negative on the two histochemical 

reactions in rabbits, and those of Weber's gland were 

positive on both reactions, but with a clear predomi-

nance of the acidic ones (14). Studying the histoche-

mical behavior of the cells of the two lingual glands in 

the fructivorous and insectivorous Egyptian bat, they 

found that the cells of Weber's gland were positive on 

both histochemical reactions, but with a predomi-

nance of neutral mucins. Regarding the von Ebner's 

glands, their cells were negative on the PAS reaction, 

but moderately positive on the Alcian blue coloration, 

between the two studied species there is a certain di-

fference in intensity in favor of the fructivorous Egyp-

tian bat (12). The acini of Weber's gland of the Syrian 

hamster were strongly stained with Alcian blue and 

PAS, while the serous acini of the von Ebner's gland 

and the demilunes of Weber's gland were modestly 

stained with PAS and not at all with Alcian blue (16). 

The cells of the acini of Weber's gland in the Persian 

squirrel were intensely PAS-positive and Alcian-posi-

tive, proving that the secretion of this gland is mucous 

and very well represented quantitatively. The acinar 

cells of von Ebner's gland and the serous demilunes of 

Weber's gland were PAS positive but with low intensity 

and Alcian negative (18). Acidic and neutral mucins 

are reported in Weber's gland secretions in rodents 

such as rats, mice, and hamsters, while in rabbits neu-

tral mucins are absent in these glands (18).

Aspects of different mammalian species show that 

the two glands are present in most mammalian spe-

cies, but there is some diversity in their secretory ac-

tivity. If we compare the results obtained from the 

Wistar rat with those in the literature, we find that they 

are somewhat similar to those of some mammals, but 

at the same time differ from others, either in terms of 

one or both of the glands. Knowing the type and inten-

sity of lingual salivary gland secretion is very impor-

tant, especially in species that are frequently used as 

research models, such as the Wistar rat.

CONCLUSION

The acinar cells in Weber's gland synthesize both 

neutral mucins, highlighted by the PAS reaction, and 

acidic mucins, highlighted by staining with Alcian blue, 

and from a quantitative point of view, the neutral mu-

cin-type surpasses the acidic one. Comparatively, the 

acinar cells of the von Ebner's gland show an Alcian 

negative but a PAS-positive reaction, and according to 

the color displayed by the secretory cells in their cyto-

plasm, the elaborated product seems not to be neutral 

mucin, but other PAS-positive material.
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