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Abstract:

Referring to the terminal section of the small intestine, the ileum plays a very important role in nutrient absorption and
development of the immune system of the body as well as intestinal homeostasis. The study was conducted to evaluate the
histological and histochemical features of ileum of different animal species including dogs and sheep. The collected tissue samples
from nearby animal markets were examined histologically using five types of staining techniques including hematoxylin and eosin,
periodic acid—Schiff, and immunohistochemical techniques. The study results indicated that the ileum of dogs and sheep has four
main layers, including mucosa, submucosa, muscularis externa and serosa. However, the study showed significant differences
among these species in thickness of these layers as well as in the morphology of villi and the structure of crypts in the ileum.
Regarding Paneth cell presence, dogs were found to have a higher number of the cells at the bottom of the intestinal crypts,
which was accompanied by better prepared PAS-positive vesicles in comparison to sheep that had a lower number of Paneth cells
and weaker PAS activity. The presence of Peyer patches was higher in case of sheep in the ileum, suggesting differences in
intestinal immunity reactions. It seems that the structure of the ileum is dependent on the eating habits of the animals and the
developed immunity.
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Introduction

The small intestines, which is responsible for digestion and absorption of nutrients in mammals, is divided into three
sections: the duodenum, jejunum, and ileum (Gartner & Hiatt, 2015; Kierszenbaum & Tres, 2020). Each section is
defined by its own tissue structure, which serves to optimize digestion and ensure maintenance of the mucosa
system (Fawcett & Jensh, 2002). The ileum, which is the last part of the intestine, acts as an organ that allows
absorption of bile salts, absorbtion of vitamin B12, absorbtion of electrolytes as well as absorbtion of water (Corfield
& Myerscough, 2000). Being rich in gut-associated lymphoid tissues significantly contributes to the intestinal
immunity (Porter et al., 2002). In structure, the wall of the ileum can be said to consist of four layers, or coats:
mucosa, submucosa, muscularis externa, and serosa (Kierszenbaum & Tres, 2020). The mucosa is characterized by
the presence of numerous finger-like villi along with intestinal crypts that help in increasing the surface area for
absorption while providing a suitable environment for the renewal of epithelia (Clevers & Bevins, 2013). The lining
of the epithelium comprises the majorly enterocytes for absorbing food, goblet cells, enteroendocrine cells, stem
cells, tuft cells and Paneth cells (Bevins & Salzman, 2011). Through these various cell populations, the mucosal
epithelium is rendered intact and protected from microbes (Ganz, 2003).

The Paneth cell is one of the key cellular elements of the ileum crypts. These special secretory epithelial cells are
situated in the base of the Lieberkiihn crypts (Ganz, 2003) and help in the innate immunity function by synthesizing
antimicrobial substances like lysozyme, a-defensins, phospholipase A,, as well as regenerating proteins (Bevins &
Salzman, 2011). Apart from functioning as an antimicrobial agent, Paneth cells support intestinal stem cells by
controlling the stem cell niche and supporting epithelial regeneration

The occupation and functioning of Paneth cells differ among various animal species depending on dietary style,
intestinal microbiota composition, and physiological changes (Ergun et al., 2003; Tadjalli & Saifzadeh, 2012). Paneth
cells are abundantly present in herbivore animals, like sheep (Ergun et al., 2003), but are not present in some
carnivore species, like dogs (Hovgaard & Brgnstad, 2005). Therefore, research about the histology of carnivores like
cats and herbivores like sheep would provide vital information about the relation between gut structure, immune
defense, and digestive processes (Ahmed & Jassim, 2020; Varasteh & Kiani, 2019).

Materials and Methods
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Experimental Animals g
This investigation involved ten healthy adult animals, which included five dogs (Canis lupus-familiaris) and five sheep
(Ovis aries). Samples of intestinal tissue were acquired from local slaughterhouses in Basrah, Iraq, for the sheep and
from the local market for the dogs. Animals were not included in the study if they had visible gastrointestinal
disorders.

Tissue Collection
The ileum was excised in segments of 2 - 3 cm from the mid-portion. The contents of the intestine were washed
gently with saline solution in order to eliminate the intestinal contents.

Histopathological Process

The tissue was preserved in 10% neutral buffered formalin for 48 h and dehydrated in increasing concentrations of
ethanol (i.e., from 50% to 100%), cleared in xylene, embedded in paraffin wax, and sectioned in 5 um using a rotary
microtome.

Hematoxylin and Eosin (H&E)
The sections were stained using Hematoxylin and Eosin to assess the general histological structure such as villi,
intestinal crypts, Peyer’s patches, and Paneth cells.

PAS Staining
Periodic Acid—Schiff (PAS staining) was used to assess the carbohydrate-rich secretory granules in Paneth and goblet
cells.

Immunohistochemistry

This section discusses the procedure used in conducting immunohistochemical analysis according to (alhasson et al
2017). During this process, the tissue sections were fixed in formalin and then implanted in paraffin before their
sectioning into 4 um-thick segments. The sections were then subjected to deparaffinization before being rehydrated
using a graded ethanol series. Antigen retrieval was done by heating the segments using sodium citrate buffer for
20 minutes. The activity of the endogenous peroxidase was then blocked by treating the segments with hydrogen
peroxide and methanol for 10 minutes before incubation with the normal goat serum for an hour. In the next step,
the sections were incubated with the primary antibody targeting lysozyme(Elabscince, China) overnight at 4 degrees
Celsius. The sections were then rinsed using phosphate-buffered saline three times and treated to a biotinylated
goat anti-rabbit secondary antibody for half an hour. Using Avidin-biotin peroxidase kit and DAB, the antigen-
antibody complex was formed. Finally, the sections were counterstained using Mayer’s hematoxylin before clearing,
dehydrating, and mounting.

Results

Gross Histological Structure of the lleum: The ileum of both dogs and sheep consisted of four distinct layers: mucosa,
submucosa, muscularis externa, and serosa ( figure 1). Although the general organization was similar, marked
species-specific differences were observed. The canine ilium showed the significant thickness in mucosa, submucosa,
and muscularis externa than sheep, while serosa was greater in thickness in the sheep compared with dogs. ( table
1). The canine ileum possessed relatively taller villi and deeper intestinal crypts than the ovine ileum. The lamina
propria was highly vascularized and contained numerous immune cells. In sheep, villi were comparatively shorter
and broader, while the submucosa contained extensive lymphoid tissue associated with Peyer's patches. (Figure 2).
The mucosal surface in both species was lined by simple columnar epithelium composed mainly of enterocytes and
goblet cells. Goblet cells appeared more numerous in sheep than in dogs, indicating greater mucus production.
(Figure 3) The intestinal crypts extended deeply into the lamina propria and contained stem cells, enteroendocrine
cells, Paneth cells, and supporting cells.

Paneth cells were identified exclusively at the base of the crypts of lieberkiihn. In dogs, Paneth cells were larger and
more numerous ( 50 cell/ mm?2), displaying abundant eosinophilic secretory granules. In sheep, Paneth cells were
fewer in number ( 32 cell/ mm?)and exhibited less prominent cytoplasmic Granules. Their nuclei were rounded and

473

Adolescencia e Saude, vol. 21, No.9s, p. 472-477



basally located in both species. PAS Histochemistry PAS staining demonstrated ‘i’n«tense-rﬁa'genta staining within the
secretory granules of canine Paneth cells, indicating abundant glycoprotein-containing secretions. Goblet cells in-
both species showed strong PAS positivity. Sheep displayed weaker PAS reactivity in Paneth cells compared with
dogs. (Figure 4)

Immunohistochemistry Immunohistochemical staining revealed positive lysozyme immunoreactivity in Paneth cells
of both species. Dogs demonstrated stronger immunostaining intensity throughout the ileal crypts than sheep.

Positive staining was localized mainly within the cytoplasmic secretory granules. ( Figure 5)

Discussion

The data reveal a profound species-specific dichotomy in intestinal immune architecture, centered on the relative
prominence of Paneth cells versus organized lymphoid tissue. In the dog, the ileal mucosa is characterized by a robust
complement of Paneth cells(Kleinschmidt et al., 2008). These cells are larger, more numerous, and demonstrate
intense PAS positivity, indicating abundant secretory granules rich in glycoproteins, as well as strong lysozyme
immunoreactivity . Lysozyme is a key bactericidal enzyme that plays a crucial role in the innate immune defense of
the intestinal crypts by degrading the cell walls of Gram-positive bacteria. The strong presence of these cells in the
canine ileum suggests that the dog relies heavily on a Paneth cell-mediated, crypt-autonomous antimicrobial strategy
to control the local microbial population(Chandra et al., 2018). In contrast, the ovine ileum represents a striking
immunological paradigm. While it possesses Paneth cells, they are fewer, have less prominent granules, and show
weaker PAS and lysozyme reactivity(Bautista et al., 2024). This is consistent with the observation of a highly developed
and specialized GALT: the continuous ileal Peyer&#39;s patch . This massive aggregation of lymphoid tissue is a
defining feature of the ruminant ileum, extending up to 150 cm in length . The ileal Peyer&#39;s patch in sheep
functions as a primary lymphoid organ for the generation of B lymphocytes and undergoes a unique developmental
cycle, involuting after puberty . This developmental pattern, which occurs largely independent of exogenous antigenic
stimulation, suggests a programmed role in establishing the B-cell repertoire early in life(Cui et al., 2023b) . Therefore,
the data suggest a fundamental shift in immunological strategy along the intestinal tract of these species. The dog
appears to prioritize a local, decentralized defense at the crypt level through an abundance of Paneth cells. The sheep,
conversely, demonstrates a highly centralized, organized mucosal immune system through its extensive ileal
Peyer&#39;s patch, perhaps compensating for a less robust Paneth cell-mediated defense in this particular
segment(Ozbek &amp; Bayraktaroglu, 2019). It is noteworthy that the reported absence of Paneth cells in dogs is not
universally accepted, with some sources describing their presence . The current findings of large, active Paneth cells
in the canine ileum underscore the importance of species-specific and potentially region-specific studies(Prochera et
al., 2025).

Tablel: shows the average thickness of the main layers in the small intestine (ileum). Unit of measurement:
micrometer.

Mucosa Submucosa Muscular Serosa Total wall

Externa thickness

Dog 1300 um 350 um 600 pm 1um 2251 pm
Sheep 850 um 200 um 400 pm 2 um 1452 um
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Figure (1): show the histological section of llium in dog (A) and sheep(B): llium consist of
four layers the mucosa yellow line, the submucosa red line, the smooth muscle layer
green line, and the serosa black line. ( H&E 10X)

Figure (2): the histological section of Ilium in dog (A) and sheep (B):show the length
of villi and depth of crypt of lieberkuhn in ilium ( H&E 40X)

Figure (3): Cross longitudinal for ileum of villi for the dog (A) and sheep (B)
show: Columnar cell (CC), lacteal (L) and Goblet cell (GC). H&E 40X
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Figure 4: Histological section of llium in dog (A) and sheep(B) show the PAS
reactions in paneht cells ( yellow arrows) and goblet cells ( red arrow). The
reaction of the PAS was more in dogs compare with the sheep samples. (PAS

Figure 5: show the Lysozyme reactivity ( yellow arrows) in llium of dogs(
A) and Sheep(B). ( IHC of anti lysozyme 10X)
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