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Objective: The objective of this study is to investigate the development, growth, and maturation of the Brunner’s glands, as well as their
distribution in the duodenum of rabbits and mice. Methods: A total of 20 animals from each species were selected and categorized into
four groups, with each group consisting of 5 animals. The categorization was based on the age of the animals in days, specifically One,
Seven, Fifteen, and Forty. Samples were collected from various parts of the duodenum, and these samples were subsequently fixed using
formalin and processed using histological techniques. The sections were stained using various techniques, including hematoxylin and eosin,
Alcian blue PH 2.5, Periodic acid Schiff, a combination of Alcian blue and Periodic acid Schiff, and Masson’s trichrome stains. In all studied
species, the epithelium of the villi exhibited a substantial presence of vacuolated columnar cells at one day of age. The villi themselves
were observed to be short and asymmetrical, with noticeable intervillus space. Additionally, the bases of the villi were characterized by
clusters of immature cells, while the lamina propria lacked crypts. Furthermore, it was observed that the muscularis mucosa was not
continuous. Furthermore, it was seen that the submucosa did not have a Brunner’s gland. However, in mice at seven days of age and rabbits
at ten days of age, the mucosa exhibited slender cylindrical villi and the muscularis mucosa had a poorly developed circular layer. During
the histogenesis process, both crypts and Brunner’s gland were observed to initiate their development. Results: Over a span of fifteen
days, the presence of rabbits and mice resulted in a reduction in cell vacuolation. Additionally, the villi exhibited a mature morphology,
while the crypts displayed evident growth. The muscularis mucosa acquired a circular layer, accompanied by an increase in the quantity
of Brunner’s gland within the submucosa. Conclusion: At the age of forty days, across various species, the mucosa exhibited mature villi
with a leaf-like morphology. The crypts displayed a higher level of development, while the muscularis mucosa exhibited a well-developed
circular muscular layer. In rabbits, the duodenal glands extended in close proximity to the jejunum, whereas these glands were absent in
the latter segments of the mice duodenum. The glands in mice throughout their early developmental stages had serous characteristics, but
the glands in rabbits displayed mucous characteristics. As rabbits age, the Brunner’s glands in their digestive system exhibit a mixture of
acini, whereas in mice, the majority of acini are mucous in nature. The aging process significantly influences the morphology of the villi,
as well as the quantity of crypts and Brunner’s glands. Furthermore, this study provides extensive morphometrical analyses that illustrate
the alterations in the duodenal wall associated with aging.
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INTRODUCTION

In the human body, the Brunner’s glands are distributed
throughout the submucosa of the duodenum. The initial
moments of the incident were characterized by their
overwhelming presence. However, as the duodenum
transitions into the jejunum, there is a notable decrease in
size observed in other segments of the organ.!" Stem cells
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exhibit a relatively low rate of division in mouse and rat
models, occurring around once per 24 hours. The utilization
of adult stem cells for cell regeneration has been observed,
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although recent research has indicated that this process is
significantly slower in humans, with a reported eight-fold
decrease in efficiency.l'*! During the developmental stages
from birth to adulthood, the duodenal glands undergo a
gradual process of growth and differentiation. The glands
undergo continuous growth, resulting in the formation of a
well-defined and condensed glandular cluster.**! At birth,
the submucosa of the duodenum in Mole-rats generates
coiled tubules.! The gut is a vital organ that serves crucial
functions in the host’s immune response, elimination of
waste materials, and absorption of nutrients.”? The intestinal
tract has evolved a mechanism to enhance its absorptive
surface area through a morphogenetic process that generates
finger-like structures called villi, enabling it to meet the
daily needs.®* The villi present in the adult gut harbor
specific cell types that play a crucial role in the host’s
absorption of nutrients from food and in protecting against
both commensal and pathogenic bacteria.'™'! The utilization
of laboratory animals is prevalent in modern biomedical
research, serving as subjects for investigation in various
disciplines such as surgery, biology, medicine, physiology,
toxicology, and pharmacology. Additionally, they are
employed as experimental models in immunological,
reproductive, and numerous other studies pertaining to
different diseases.'>!3] According to the study conducted
by Dyce et al.™, it has been proposed that many signaling
pathways play a crucial role in effectively regulating the
differentiation process of the gut mucosa. The formation of
immature cells is commonly observed when the epithelial
lining of the colon undergoes frequent and rapid renewal
processes.!'>!! The proliferation of these cells occurs
rapidly as they rise along the axis that extends between
the crypt and the villus, thereby forming a region of transit
amplification. Enterocytes, enteroendocrine cells, goblet
cells, and Paneth cells are representative examples of the
differentiated epithelial cells that arise from this particular
location.['8]

MATERIALS AND METHOD

This study was conducted utilizing a sample size of twenty
healthy rabbits (Oryctolagus cuniculus), who are known
to be herbivorous, as well as mice. Mus musculus, often
known as the house mouse, is classified as an omnivorous
rodent. This categorization is applicable throughout the
time period spanning from February to May in the year
2023. The parental individuals of each species were
confined in enclosures to facilitate controlled breeding and
reproduction. These enclosures were subjected to artificial
lighting conditions, alternating between periods of darkness
and light for 8 to 16 hours. Additionally, a feeding system
was implemented to ensure proper nourishment for the
offspring of each species. The offspring were categorized
into four groups based on their age in days: newborns,
those at the age of seven days during the suckling period,
those at the age of fifteen days during the preweaning
stage, and those at the age of forty days after weaning.
The diet provided to the offspring differed depending on

the species: rabbits were fed a solid diet with a greenish
component, while other species were fed a mixture of
seeds, grains, and animal-derived feedstuffs. The animals
were subjected to euthanasia using an excessive dosage
of ketamine, with the exception of those that were one
day old. The ventral abdominal wall of each animal was
dissected, followed by the separation of the duodenum by
sectioning the pylorus just before the duodenum to jejunum
junction. Samples were collected from various regions
of the duodenum and subsequently fixed in formalin.
Histological techniques were employed to process the
samples, including staining with hematoxylin and eosin
(H&E) for general histological analysis, as well as periodic
acid Schiff (PAS) for the visualization of specific histological
components. The staining technique involving the use of
Alcian blue at pH 2.5 is commonly employed to detect
the presence of carbohydrates and mucopolysaccharides.
Specifically, this method allows for the visualization of acid
mucopolysaccharides when Alcian blue is combined with
them. The utilization of Periodic Acid Schiff (PAS) staining
technique, along with Masson’s trichrome staining, enables
the visualization of neutral mucin and the identification of
collagen and smooth muscles.” The objective of this study
was to measure the thickness of the tunicae and quantify
the number of Alveoli or acini present in the Brunner’s
glands within a permiroscopic area at a magnification of
X 200. The mean (x-) + standard error (SE) was computed
for each of the measurements taken from fifteen slides of
the duodenum (n=20).

REsuLts

The duodenal wall of each studies animals and ages was
composed of mucosa, submucosa, muscularis, serosa
(Figure. 1), mucosa; consists of columnar epithelium,
loose connective tissue of lamina propria and thin smooth
muscle layer of muscularis mucosa, crypts of Lieberkuhn
line with columnar epithelium, the dense connective tissue
of submucosa with glands, two layers of smooth muscles of
muscularis externa and thin simple squamous layer of serosa
(Figure. 1-12). At one-day age in all studies species, the
villi’s epithelium contained more number of the vacuolated
absorptive cells, the villi were short, asymmetrical with
intervillus space, and the villi’s bases contain clusters of
an immature cells, lacked crypt in the lamina propria, and
the muscularis mucosa was not continuous. Additionally,
the submucosa lacked a Brunner’s gland (Figure. 1,2),
the thickness of each of mucosa, submucosa, muscularis,
serosa in duodenum at age one day, in rabbit (186.2+3.1;
84.2+1.4; 114.2+0.1; 13.1£0.1um) respectively, while in
mice was (148.6+2.1; 68.6+0.2; 98.6+0.1; 11.2+0.2pum)
respectively (Table 1).

Whereas on age of 7 day in mice and 10 day in rabbit, the
mucosa had slender cylindrical villi and muscularis mucosa
was poorly developed of circular smooth layer, the crypts
of Lieberkuhn were start in the histogenesis (Figure. 4,5,6),
A few number of acini of the Brunner’s glands were in
submucosa of the duodenum (Figure. 5), the thickness of
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each of mucosa, submucosa, muscularis, serosa and number
of alveoli of Brunner’s gland in duodenum in this age, in
rabbit (211.242.5; 91.2+0.3; 121.2+0.2; 17.2+0.3; 15+2um)
respectively, while in mice was (178.6%3.2; 74.6+1.6;
92.6+1.7; 15.140.5; 17+1pm) respectively (Table 1).

In 15 day of rabbit and mice, the cell vacuolation was
decreased, the villi assumed their mature morphology, and
the crypts were clearly growing and muscularis mucosa
was developed circular smooth layer with increase in the
number of the Brunner’s gland acini an in the duodenal
submuosa (Figure. 7,8), the thickness of each of mucosa,
submucosa, muscularis, serosa and number of alveoli
of Brunner’s glands in duodenum in fifteen day age, in
rabbit (261.4+3.5; 106.4+2.1; 196.4+2.3; 18.4+0.2; 23+1um)
respectively, while in mice was (215.9+4.1; 93.2+3.2;
171.2+3.4; 19.340.3; 27+3um) respectively (Table 1).

In 40 day age in all studies species; the mucosa was
composed of mature villi, were leaf shape, absent of the
cell vacuolation in the duodenal epithelium, the crypts were
very well established, and their depth and number had also
grown, muscularis mucosa was very developed circular
muscular layer and the duodenal glands were found at length

of the rabbit duodenum, while absent in last parts of mice
duodenum (Figure. 9), these glands were mucous type in
mice, while serous and mucous type in rabbit (Figure. 9,10),
the thickness of each of mucosa, submucosa, muscularis,
serosa and number of alveoli of Brunner’s gland in duodenum
in forty day age, in rabbit (371.2+2.6; 167.2+1.4; 217.2+1.2;
22.3+0.1; 4442pm) respectively, while in mice was (310.2+3.7,
113.12.1; 193.1£1.9; 21.4+0.3; 52+1pum) respectively (Table
1). Within the submucosa, in preweaned ages, the duodenal
glands were mucous type in mice (Figure. 8), while serous
type in rabbit (Figure. 7), the glands were made up of acini
that were tightly packed and in mice were take positive
reaction with only Periodic acid Schiff,l'! while in rabbit
take positive reaction with Alcian blue (Figure. 7) and
reactions to PAS (Figure. 4), with progress age, the Brunner’s
glands as mixed acini and had neutral mucin, according to
combined PAS-AB reaction (Figure. 8). and weak reactions
to PAS (Figure. 11), the progress in age has a pronounced
effect on the shape the villi, and on the number each of the
crypts and Brunner’s glands; Additionally, the numerous
morphometrical analyses demonstrated how the duodenal
wall changed with age in this study.

Table (1): Measurement of thickness of the wall layers and number of acini of Brunner’s gland in duodenum

of rabbit and mice ym (X- + S.E)

Tunica Part Mucosa Submucosa Muscularis Externa Serosa Number of acini
In 1 day age Rabbit 186.2+3.1 84.2+1.4 114.2+0.1 13.1+0.1 -
mice 148.6+2.1 68.6+0.2 98.6+0.1 11.2+0.2 -
In 7 day age Rabbit 211.2+£2.5 91.2+0.3 121.2+0.2 17.2+0.3 1542
mice 178.6+£3.2 74.6+1.6 92.6+1.7 15.1+£ 0.5 17+1
Inl5 day age Rabbit 261.4+3.5 106.4+£2.1 196.4+£2.3 18.4+0.2 2341
mice 215.9+4.1 93.2+3.2 171.2+3.4 19.3+0.3 2743
In 40 day age Rabbit 371.2+2.6 167.2+1.4 217.2+1.2 22.3+0.1 4442
mice 310.2+£3.7 113.1+£2.1 193.1£1.9 21.44+0.3 5241

Figure 1. Cross section of rabbit duodenum at 1 day
age; mucosa (A), villi (B), intervillus space (C),
epithelium (D), lamina propria (E), submucosa (F),
muscularis (G), Serosa (H), H&E 40X.

Figure 2. Longitudinal section of mouse duodenum at
1 day age; crypt (A), muscularis mucosa (B), adipose
tissue (C), blood vessel (D), submucosa(E), PAS 100X.

Figure 3. Cross section of rabbit duodenum at 1 day
age; crypt (A), adipose tissue (B), blood vessel (C),
submucosa(D), PAS 200X.

Figure 4. Cross section of rabbit duodenum at 7 day
age: crypt (A), Brunner’s glands (B), adipose tissue
(C), PAS-AB 100X.
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Figure .(5): Cross section of mice duodenum at 7 day
age, Submucosa (A), Brunner glands (B), adipose tissue
(C), blood vessel (D), muscularius (E), AB 100X.

Figure 6. Cross section of the mice duodenum at 7 day
age: mucosa (A), Submucosa (B), Brunner glands (C),
muscularius (D), Masson trihrome 40X.

Figure 7. Cross section of rabbit duodenum at 15 day
age; crypt (A), muscularis mucosa (B), adipose tissue
(C), blood vessels (D), Brunner glands (E), AB 200X.

Figure 8. Cross section of mice duodenum at 15 day
age; villi (A), crypt (B), adipose tissue (C), muscularis
mucosa (D), Brunner glands (E), PAS-AB 200X.

Figure 9. Cross section of rabbit duodenum at 40 day
age; muscularis mucosa (A), submucosa (B), Brunner
glands (C), muscularis (D), masson trihrome 200X.

Figure 10. Cross section of mice duodenum at 40 day
age; acini of Brunner glands (A), adipose tissue (B),
blood vessels (C), H@E 400X.

Figure 11. Cross section of mice duodenum at 40
day age; muscularis mucosa (A), submucosa (B),
connective tissue (C), Brunner glands (D), PAS 200X.

Figure 12. Cross section of mice duodenum at 40 day age;
epithelium (A), Brunner glands (B), blood vessels (C),
submucosa (D), muscularis (E), masson trihrome 100X.
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DiscussION

The presence of duodenal glands is not observed
immediately after birth, but rather within the initial
ten days in rabbits and the first week in mice. In accord
with the results reported by previous studies.'”?% The
aforementioned discovery was consistent with the most
recent observations in pups exceeding one day of age.
B Conversely, it was shown that rats at the age of one
day possessed Brunner’s glands.”"! The gastrointestinal
glands in mice exhibited a serous-type composition during
the early stages, whereas the duodenal glands in rabbits
displayed a mucous-type composition. As individuals age,
there is a development of mixed acini and neutral mucin in
Brunner’s glands. The association between the structural
changes seen and the protective role of Brunner’s glands
in safeguarding the mucosa against the harmful effects
of gastric juice has been established.”” The secretion of
mucus, its alkaline nature, and the potential ability of its
bicarbonate concentration to serve as a buffer against the
acidic conditions in the digestive tract. Consequently, a
recent study has revealed that the majority of acini in mice
aged ten and fifteen days have a serous composition, but
acini in older animals around 40 days of age predominantly
display a mucous nature. The duodenal glands in rabbits are
found in close proximity to the jejunum, whereas they are
absent in the final parts of the duodenum in mice, which
is consistent with previous findings.* The distribution of
Brunner glands is more extensive in herbivores compared
to omnivores, as evidenced by previous research.!' The
glands in question secrete substances that serve to preserve
and lubricate the lining of the duodenum. Additionally, these
glands generate urogastrone, which acts as an inhibitor
of gastric acid secretion and serves as a demonstrator of
immunoglobulin. Lysozyme is present within the cellular
composition of secretory units, indicating a perpetual
secretion of bactericidal enzyme by these glands.!'
The increased focus on changes in mucosal architecture
and mucin’s histochemical composition is due to their
connection with the development of various inflammatory
and intestinal diseases, as well as their role in regulating
intestinal functions.!Y Previous research has identified
various other constituents, including peptides, proteinase
inhibitors, bactericidal agents, and surface active lipids,
which are formed by mucin glycoproteins in the duodenal
glands together with a little amount of bicarbonate.”! The
incidence of various types in this study was found to be
similar to that documented in Angora rabbits!'”! as well as
in rabbits and rats.**

The adult gastrointestinal tract is a highly intricate organ
that fulfills numerous essential functions. Following the
process of gastric breakdown and digestion, the resultant
food substance proceeds to engage with the small intestine.
Intestinal enterocytes has the capability to uptake proteins,
carbohydrates, lipids, and nutrients through a complex
and interconnected vascular network.”> The intestinal
tract serves vital functions in both immune response and
nutrient absorption. The luminal contents of the intestine

come into contact with the epithelium layer, which serves
as a protective barrier against external factors and helps
defend the body against local diseases and pathogens.
Epithelial tight junctions play a crucial role in maintaining
the integrity of the barrier by selectively regulating the
movement of substances between adjacent epithelial cells.
11426 The epithelium furthermore produces mucus, a dense
protective layer that envelops the gastrointestinal system.
This mucus serves the dual purpose of impeding the entry
of pathogens, thus reducing the risk of infection, and
providing nourishment to the resident commensal bacteria.
Specialized intestinal epithelial cells play a substantial role
in the immune response by producing peptides that possess
antibacterial and antifungal properties. Furthermore, the
immune system is activated through the establishment of
commensal bacterial colonization during the process of
birth.”? The shape of the villi exhibited variability, with the
height of the villi showing variation. The presence of very tall
villi potentially contributes to the creation of a large surface
area, which may indicate that absorption is most pronounced
in older animals. This observation aligns with findings
reported in a study conducted on Angora rabbits.'”) At the
24-hour mark following birth, the presence of vacuolated
enterocytes can be observed in the villi. This phenomenon
has been historically associated with the absorption of
macromolecules. Similar discoveries were also reported
by studies examining the crypts of Lieberkuhn, which are
characterized by a lining of columnar epithelium.' The
crypts are actively producing and releasing digestive juices
in order to facilitate the processes of digestion and absorption
of various substances.”! The formation of the crypt in mice
typically occurs around postnatal day 14. The differentiation
of Paneth cells in the gastrointestinal tract coincides with
the establishment of crypts. These specialized cells are
responsible for releasing defensive proteins that possess
antibacterial properties, so providing protection against
pathogenic infections.!'”! According to recent studies, it has
been discovered that significant alterations in the metabolic
processes of the intestinal epithelium play a crucial role in
the maturation of the intestinal epithelium.?®

CONCLUSION

The current study contributes novel insights and provides
documentation regarding the structural disparities in the
development of duodenal glands between rabbits and mice.
It is observed that the advancement in age significantly
influences the morphology of the villi, as well as the quantity
of crypts and Brunner’s glands. Furthermore, a multitude
of morphometric analyses have elucidated the alterations
occurring in the duodenal wall as a consequence of aging.
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