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SUMMARY:  The mucous substances of the stomach in mammals are important not only for the protection of the gastric epithelium
from the acid environment and grinding actions, but it facilitates some other functions of the stomach such as antibacterial, antimetastatic,
and immunological roles. The goal of the study is to highlight the distribution of mucin-secreting cells in the gastric mucosa in domestic
rabbits, including the type of mucus synthesized. The gastric samples collected from ten individual rabbits were fixed in 10 % buffered
formalin and underwent later standard paraffin tissue sample processing, which included dehydration, clarification, and embedding in
paraffin. The tissue sections were eventually stained histochemically by PAS reaction and by Alcian blue method (pH 2.5) for neutral and
acidic mucins detection, respectively. The quantification of mucins in the cytoplasm of mucus-secreting cells was performed by grading
the gastric tissue samples from negative (-) to intensely positive (++). The mucus elaboration was observed in all the regions of the
stomach (i.e., cardial, fundic, and pyloric regions), but only for the neutral mucin. The acidic mucin synthesis occurred only in the
secretory units of the gastric glands from the cardial region in the stomach. Pyloric glands synthesized the largest amounts of neutral
mucins, followed by moderate amounts elaborated by cardial glands, while the fundic region does not synthesize it at all. The description
of new microscopic features of the stomach in rabbits is fundamental not only for comprehending species-related physiological features
but gastric pathological processes.
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INTRODUCTION

In the stomach of mammals are present cells that secrete
mucin that is made up of carbohydrates. These mucous
substances are very important for the proper functioning of
the stomach which facilitates selective impermeability to
hydrochloric acid, lubrication of the lumen, and prevention of
tissue edema. Additionally, they also have antibacterial,
antimetastatic, and immunological roles. In humans, the
mucins synthesized by the gastric cells are large glycoproteins
with side carbohydrate chains and a terminal group of sialic
acid (Prasanna et al., 2015). Their distribution and activity in
the stomach differ from one species to another, the secretion
being adapted quantitatively and qualitatively to the volume
and composition of the food ingested (Gal & Miclaus, 2013;
Liebich, 2019).

When the distribution of mucin-secreting cells in the
stomach is inappropriate or their functionality is impaired,

functional deficiencies may occur, such as intestinal metaplasia
of the gastric mucosa, or gastric erosions/ulcers (Corfield et
al., 2000; Linden et al., 2008). The administration of
nonsteroidal anti-inflammatory drugs may predispose to gastric
ulcerative lesions along with inhibition of prostaglandin
metabolism (Aughey & Frye, 2001). Alteration of mucin
secretion can be identified by histochemical reactions, a fact
that can provide usefull evidence about the state of the gastric
mucosa in various pathological conditions (Prasanna, 2016).
The main mucins synthesized by the glandular cells of the
gastric mucosa are neutral mucins and acidic mucins, which
can be identified by PAS reaction for neutral mucins (Wulff,
2004; Layton & Brancoft, 2013) and by alcian blue stain for
acidic mucins (Kiernan, 1999). The aim of the study is the
identification and distribution of mucin-secreting cells in the
gastric mucosa in domestic rabbits, including the type of mucus
synthesized in the stomach.
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MATERIAL AND METHOD

The biological material used in this study was
represented by tissue samples harvested from ten common
breed domestic rabbits which were slaughtered for meat
consumption in a slaughterhouse. The gastric fragments were
collected from the three gastric zones: cardial, fundic, and
pyloric regions. The samples were fixed in 10 % buffered
formalin for three days, dehydrated in three baths of ethylic
alcohol in ascending concentration, an hour each, and
clarified in three baths of 1-Butanol (an hour each bath) and
embedded later in paraffin. Eventually, the samples were
cut at a thickness of 5 micrometers using a rotative Leica
rotary microtome (RM2125, Germany) and displayed on the
histological slides for further histochemical staining.
Quantification of neutral mucins was made using the PAS
reaction, and by Alcian blue staining at pH 2.5 for detection
of acidic mucins (Kiernan,1999; Suvarna et al, 2018). The
obtained slides were assessed with the aid of an Olympus
BX 41 (Olympus, Japan) microscope that was connected to
an Olympus E-330 digital camera (Olympus, Japan) for
image capture and analysis. Quantification of mucin was
performed by assessing the intensity of the histochemical
reaction from the cytoplasm of the mucus-secreting cells
and scoring as follows: negative reaction (-), faintly positive
(+), and intensely positive (++).

RESULTS

In the cardial region of the rabbit stomach, the mu-
cosa contains PAS-positive cells, both in the covering
epithelium (+), including in the epithelium lining the gastric
pits (++), and in the secretory units of the gastric glands (+).
Consequently, most of the cells of the covering and glandu-
lar epithelium from the cardia region of the stomach in rabbits
synthesize significant quantities of neutral mucins (Fig. 1A).
As regards the acidic mucin production in the cardia region,
the alcian-blue stain was positive (++) only in the lining
epithelium of the secretory units of the gastric mucosa, and
absent (-) in the covering epithelium of the mucosa and the
lining epithelium of the gastric pits (Fig. 1B; Table I).

Regarding the distribution of mucins in the fundic
region of the stomach, neutral mucins elaboration is restricted
to the covering epithelium (++) and the epithelium lining
the gastric pits (+), but not in the epithelium belonging to
the secretory units of the gastric glands from this region (-)
(Fig. 1C). Interestingly, no acidic mucins (-) can be detected
in the cells belonging to the mucosa from the fundic region
(Fig. 1D; Table I).

In the pyloric region, the only mucus synthesized is
the neutral one (Fig. 1E), a fact suggested by an intense PAS-
positive reaction (++) in both covering mucosal epithelium
and deep glandular epithelium (including in the cells from
the gastric pits). As suggested, no acidic mucin is elaborated
by the cells of the mucosa from the pyloric region (Fig. 1F;
Table I).

Morphologically, the mucus synthesizing cells dis-
play a different morphology depending on their location in
the gastric mucosa. The cells from the covering epithelium
have a columnar appearance and a large mucous droplet in
the apical pole, and a central or subcentral nuclear location
(Figs. 1A,C,E). In the region of the gastric pits, the mucous
cells are low columnar to cuboidal, the mucus being localized
still in the apical pole providing a fine foamy appearance,
whereas the nucleus is spherical and pushed towards the basal
pole (Figs. 1A,B). However, the mucous cells from the
secretory units of the gastric glands are cuboidal, with a
foamy aspect of the cytoplasm and a basally located nucleus
with an irregular outline (Figs. 1A,B,E).

DISCUSSION

Most of the surface areas of the stomach and the
epithelium lining the gastric pits are covered with mucous
cells. These cells synthesize a thick and persistent mucus that
is important for protecting the gastric epithelium from the
acid environment and grinding action that is present in the
lumen. Once the mucus-secreting cells are damaged, the
gastric ulcer is a frequent outcome (Herdt, 2020). Regarding
the mucins, the main building structure in mucus are mucins
that are large glycosylated proteins. The mucins include more

Covering epithelium Epithelium of the gastric pits Glandular epithelium
Gastric zone PAS stain Alcian blue

stain
PAS stain Alcian blue

stain
PAS stain Alcian blue

stain
Cardial zone + - ++ - + ++
Fundic zone ++ - + - - -
Pyloric zone ++ - ++ - ++ -

Tabla I. The distribution of mucus-secreting cells in the gastric mucosa in rabbits.
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Fig. 1 Histochemical staining of the mucosa of the stomach in rabbits. (A) cardial region (PAS stain) – columnar PAS-positive cells in the
covering epithelium of the mucosa (black arrow), along with PAS-positive cells in the in the epithelium lining the gastric pits (blue
arrow), and prominent mucous content in the cytoplasm of the cells from cardial gastric glands (yellow arrow); (B) cardial region
(alcian-blue stain) – alcian blue negative cells in the surface epithelium (black arrow) and lining epithelium of the gastric pits (blue
arrow) and large amounts of acidic mucin in the multi vacuolated cells from the piloric glands (yellow arrow); (C) fundic region (PAS
stain) – neutral mucins are only synthesized by the cells from the covering epithelium (black arrow) and by the epithelium belonging to
the gastric pits (blue arrow), whereas no mucin were identified in the glandular epithelium of the fundic glands (yellow arrow); (D)
fundic region (alcian-blue stain) – no acidic mucins can be identified in the covering epithelium (black arrow), gastric pits (blue arrow)
and fundic glands (yellow arrow); (E) pyloric region (PAS stain) – significant quantities of neutral mucins are detected in the covering
(black arrow) and glandular epithelium (gastric pits - blue arrow and piloric glands - yellow arrow); (F) pyloric region (alcian-blue stain)
– similarly with the fundic region of the stomach, no mucins can be visualized throughout the mucosal epithelium (covering epithelium
- black arrow, gastric pits - blue arrow and pyloric glands - yellow arrow).
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than 80 % carbohydrate and are concentrated in mucin
domains that are built on a protein core, which is rich in
proline, serine, and threonine amino acids (also called PTS
sequences) (Hattrup & Gendler, 2008). With reference to
the gastric mucus, in humans was described as a two-layered
mucus system, made of an internal layer that is an attached
mucus, and an external layer that is a loose and not attached
mucus. Both mucus layers include MUC5AC mucin
produced by the superficial gastric epithelium (Johansson
et al., 2013). Additionally, the gastric glands elaborate the
gel-forming mucin MUC6 (Bartman et al., 1998). The
internal mucous layer, manufactured based on MUC5AC,
acts as a diffusion barrier for hydrochloric acid (Johansson
et al., 2013). The superficial epithelial cells secrete
bicarbonate, generating a pH gradient from an acidic in the
lumen of the stomach to neutral pH at the cell surface (Allen
& Flemström, 2005). Hydrochloric acid is produced and
secreted in the gastric glands together with MUC6 and
pepsin, and they can cross the superficial internal mucous
layer through some “temporary canals” that are subsequently
immediately closed (Johansson et al., 2000). It is not very
clear how the gastric glands can tolerate the very high proton
concentration (pH 1–2), but it seems MUC6 is very important
in this sense. The contribution of MUC6 to the formation of
the internal gastric mucus layer is still controversial
(Phillipson et al., 2008).

In veterinary medicine, due to a large variety of
feeding behavior, the information regarding the mucin-
producing cells, including the type of mucus secreted in the
stomach, is scarce. Our study showed that the distribution
of mucus synthesis and the type of elaborated mucus in the
mucosa of the stomach in rabbits have some questioning
peculiarities. The mucus elaboration was observed in all the
regions of the stomach (i.e., cardial, fundic, and pyloric
regions), but only for the neutral mucin (except for the
secretory units of the gastric glands from the fundic region
in which no mucins were detected). As concerns the acidic
mucin synthesis in the stomach of rabbits, it is restricted
only to the secretory units of the gastric glands from the
cardial region (++ alcian-blue stain). No other regions of
the stomach do synthesize acidic mucus type. Regarding the
neutral mucin secretion throughout the gastric mucosa, the
covering epithelium and the epithelium lining the gastric
pits from all the three regions of the stomach in rabbits
synthesize significant amounts of neutral mucins (+ to ++
PAS-positive reaction). As regards the neutral mucin
secretion derived from secretory units of the gastric glands,
in rabbits the pyloric glands are the most active (++ PAS-
positive reaction), followed by moderate amounts of mucins
elaborated by cardial glands (++ PAS-positive reaction),
whereas the fundic region does not synthesize it at all.

Similar information suggesting the distribution of
mucus synthesis in the gastric mucosa have been presented
in other reports on several species such as guinea pigs
(Chende et al, 2020), chinchillas (Ghiurco et al., 2021), dogs
(Bacha & Bacha, 2006), pigs (Eurell & Frappier, 2006), and
humans (Raica et al., 2004). Accordingly, in guinea pigs,
the cardial glands of the stomach contained some PAS-
positive and alcian blue positive cells, suggesting that this
region of the stomach synthesizes low amounts of neutral
and acidic mucins (Chende et al., 2020), an aspect observed
in chinchillas too (Ghiurco et al., 2021). In humans, the
cardial glands are synthesizing only neutral mucins (Raica
et al., 2004). Reports regarding the mucus synthesis in the
fundic region of the stomach have been described in dogs
(i.e., neutral PAS-positive mucins; Bacha & Bacha, 2006),
but not in humans (Raica et al., 2004). However, neutral
PAS-positive mucins were detected in the pyloric glands in
dogs and pigs (Eurell & Frappier, 2006; Bacha & Bacha,
2012), whereas significant amounts of both neutral and acidic
mucins were identified in guinea pigs (Chende et al., 2020).
In chinchillas, the gastric pyloric glands synthesize small
quantities of neutral and acid mucins (Ghiurco et al., 2021).
Overall, piloric glands from the stomach synthesize large
quantities of mucins in goats, pigs, and dogs (Augley & Frye,
2001; Bacha & Bacha, 2006), and moderate amounts in gui-
nea pigs and humans (Raica et al., 2004; Chende et al., 2020).

CONCLUSIONS

The microscopic features of the gastric mucosa in
domestic rabbits with reference to the distribution of mucus
synthesis showed significant quantities of neutral mucins
and small amounts of acidic mucins secreted by the stomach
mucosa. While the neutral mucins were identified in all the
regions of the stomach (i.e., cardial, fundic, and pyloric
regions), the acidic mucins were synthesized only by the
secretory units of the gastric glands from the cardial region.
As a pet, farm, or laboratory animal used for many biological
studies, rabbits should be a priority for researchers to
establish their welfare needs based on species-related
morphophysiological features, which can help future
research. Given that, understanding the microanatomy of
rabbits is crucial for comprehending species-related
physiological and pathological processes.
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RESUMEN: Las sustancias mucosas del estómago en los
mamíferos son importantes no solo para la protección del epitelio
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gástrico del ambiente ácido y las acciones de trituración, sino que
facilitan además otras funciones del estómago, como son las fun-
ciones antibacterianas, antimetastásicas e inmunológicas. El obje-
tivo del estudio fue resaltar la distribución de las células secretoras
de mucina en la mucosa gástrica de conejos domésticos, incluido
el tipo de moco sintetizado. Las muestras gástricas recolectadas de
diez conejos se fijaron en formalina tamponada al 10 % y se some-
tieron a un procesamiento que incluyó deshidratación, clarifica-
ción e inclusión en parafina. Las secciones de tejido finalmente se
tiñeron histoquímicamente mediante la reacción de PAS y el mé-
todo del azul de Alcian (pH 2,5) para la detección de mucinas neu-
tras y ácidas, respectivamente. La cuantificación de mucinas en el
citoplasma de las células secretoras de moco se realizó clasifican-
do las muestras de tejido gástrico desde negativas (-) hasta inten-
samente positivas (++). La elaboración de moco se observó en to-
das las regiones del estómago (es decir, cardias, fúndica y pilórica),
pero solo para la mucina neutra. La síntesis de mucina ácida ocu-
rrió solo en las unidades secretoras de las glándulas gástricas de la
región correspondiente al cardias del estómago. Las glándulas
pilóricas sintetizaron la mayor cantidad de mucinas neutras, se-
guidas de cantidades moderadas elaboradas por las glándulas
cardiales, mientras que la región fúndica no las sintetizó en abso-
luto. La descripción de nuevas características microscópicas del
estómago en conejos es fundamental no solo para comprender las
características fisiológicas relacionadas con las especies sino tam-
bién para entender los procesos patológicos gástricos.

PALABRAS CLAVE: Estómago; Mucinas; Mucosa
gástrica; Conejo.
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