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Abstract:

The pancreas is a multifunctional glandular organ that is involved both in the
digestion and assimilation of nutrients for the maintenance of milk, meat, and egg
production and in hormone production and secretion, which is additionally involved
in the maintenance of glucose homeostasis, lipid metabolism, and storage of amino
acids. The pancreas affects the functioning of the entire body. The loss of any of
these functions results in various disorders difficult to treat. Until recently, the study
of the histology, physiology, and pathology of the pancreas was neglected because
of the inaccessibility of the organ during in vivo examinations and the demanding
laboratory research procedure. The pancreas is usually examined histologically only
as part of the assessment of other organs or in vitro after the organ drops out from
the body. Histology is usually examining the species where the pancreas is one of
the primary target organs. Pancreatic pathology is rather a complication of the
disease than its primary cause. In pigs, pancreatic disorders are rarely the primary
cause of disease. The most common are secondary changes due to endocrine or
exocrine digestive function disorders, mostly concurrent with other organ disorders.
As the exocrine part of the pancreas is more developed and constitutes the primary
gland of the digestive tract, functioning mainly at the young age, it is the main target
of pathological changes.
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INTRODUCTION

The pancreas is a fascinating, complicated
organ (Mehta et al., 2022). Not many other
organs in the human body play dual roles in both
endocrine and exocrine secretions (Valente et
al., 2024). The pancreas is important to
physiologists because its secretions regulate
blood glucose levels; however, the pancreas is
important to clinicians for different reasons
(Overton and Mastracci, 2022). Both the
anatomy and the physiological function of the
pancreas have significant overlap, such that the
understanding of histology is leveraged into the
understanding of its function (Karpihska and
Czauderna, 2022). The pancreas has both
exocrine and endocrine functions (Knight, 2021).
The exocrine pancreas generates, stores, and
secretes large quantities of digestive proteins,
lipids, and carbohydrates. Exocrine tissue is
distributed along the periphery of the gland with
secretions excreted into the ductal system
(Petrov and Basina, 2021). The dicarboxylic and
serous acinar cells produce zymogens from a
rough endoplasmic reticulum, which are
packaged in Hering-like structures (Karpinska
and Czauderna, 2022). Here, and in the rodent
model, the acinar cells are organized like flowers
or grapes with several acinar units forming
acinar lobules. The apical region of the acinar
cell harbors many large zymogen granules, and
high magnification reveals basal nuclei (Ciochina
et al., 2022). In contrast with a hepatocyte, anti-
basal invaginations are housing rough
endoplasmic reticulum (Villaca and Mastracci,
2024).

Trailing the periphery of the glandular organ is a
ribbony, muscular structure surrounding the
ducts, which can be the path to finding
intercalated, intralobular, and interlobular
collecting ducts (Kushch et al., 2022). Individual
acinar units channel secretions into the ductal
system (Jayachitra and Sivagnanam, 2023).
Acinar/duct cells can be readily distinguished
due to the appearance of the cells. Duct cells
are columnar with darkly-stained oval-shaped
nuclei (Moustafa and El-Masry, 2021). Acinar
cells also have oval-shaped nuclei though they
are larger, and the nuclei are not as darkly
stained (Singh et al., 2021). Additionally, apically

2024; 9(2): 24-36

situated intracellular granules, which can be
particularly stained with a PAS stain, fill the cell
body of acinar cells (Gupta et al.,, 2023). At
higher magnification, the tight junctions that
isolate the apical granules from the intracellular
space are also clear (Dudas, 2023). Considering
that zymogens are particularly caustic proteins, it
is crucial that the acinar cells do not leak them
into the cellular compartment (Cui and Daley,
2021; Kumar, 2021).

Histology of the Pancreas

Pancreas is one of the most important and
complex organs in the human body with a
complex  structure and inter-complicated
physiological  processes (Karpiiska and
Czauderna, 2022). For the implementation of a
targeted treatment, the interdisciplinary
collaboration of clinicians is necessary
(Walkowska et al., 2022). The microscopic study
of the human pancreas made on macroscopic
necropsy pieces is essential in the development
and completion of clinical and biological findings
(Matsubara et al., 2022; Xourafa et al., 2024).

In the head, the pancreas displays a close
relationship with the C-shaped duodenum, the
bile duct together with the posterior superior
mesenteric vein and artery, forming a portion by
a vascular complex called uncinate process
(Arrojo e Drigo, 2021). The pancreas has a
compact multilobular structure, composed of
exocrine and endocrine parenchyma, covered by
a fibrous capsule, thickly per se (Villaca and
Mastracci, 2024). The exocrine parenchyma is
made up of a large number of pancreatic acini,
its own structure separated by lobules facilities
of loose connective tissue. Pancreatic acini are
pyramidal offense walls, placed on a basal
membrane reticule, containing  secretory
zymogen granules. This connective tissue has a
rich vascularization, where there are a series of
arterioles that form a capillary network (Murati et
al., 2022). Within the lobule parenchyma occurs
sinusoidal circulation from the arteriole-affiliated
septa. In a large pancreatic duct, epithelial tissue
is represented by columnar cells with abundant
basophilic cytoplasm (Bakker and Garza, 2022).
On the basal membrane, there is a dense
network tubular in the form of channels, most
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probably realizing the pancreas-encompassing
lymphatic flow. For a better visualization of the
microscopic aspects of this dissemination of
information, several photomicrographs with HE,
MTC, and PAS staining have been taken, being
selected only those with the most representative
aspect (Mdller et al., 2024).

The state-of-the-art non-optical techniques, such
as SEM, TEM, and AFM, can provide PD
advantages for the study of micro-anatomy,
elemental stamping, and ultra-structural features
(McDonald et al., 2024). Non-optical techniques
do not allow the analysis of plastic-embedded
pancreatic tissue. To provide a more exact and
complex picture of pancreatic tissue has been
an attempt to examine it using large fields of
view and high resolution of EM techniques
(Miller et al., 2022). SEM has been applied to
reveal the ultra-structural details of pancreatic
ducts and islets, as well as of the human
pancreas (Creasey, 2024). SEM has been used
to map different regions of the human pancreas,
examining this unique organ in its native setting
(Chilton et al., 2023).

Anatomy of the Pancreas

The pancreas is a mixed gland, exocrine, and
endocrine, with two components: (1) an
endocrine component consisting of the islets of
Langerhans and (2) an exocrine component
made up of acini (Al-Suhaimi et al., 2022). The
endocrine component occupies 1%-2% of the
gland (Valente et al., 2024). The glandular organ
has a tubular-acini type, similar in structure to
the salivary gland, and is bordered by loose
connective tissue with blood vessels, lymph, and
nerves, with the lobes ending in the hilus. The
connective tissue of the pancreas continues with
the peritoneum (Urbas et al.,, 2021). The
exocrine pancreas, or secretory pancreas, is
lobulated and occupies most of the gland. The
exocrine pancreas has an exocrine duct
component and a secretory component (acinii)
(Overton and Mastracci, 2022). The connective
tissue of the exocrine pancreas separates the
pancreatic lobes, containing pancreatic lobules
(Purice and Onose, 2012). The pancreatic lobule
has a secretory component (serous acinii) and
an excretory component (ducts) and is bordered
by the interlobular duct. The exocrine pancreas
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is divided by a central connective septum into
three lobes: the pancreatic head, body, and tail.
The exocrine pancreas presents two arterial
anastomose circles in the front and back
(Mastracci et al., 2023). Both the endocrine and
exocrine pancreas have a rich lymphatic network
made up of red and white ganglia, and
separately by para-aortic vessels. The
lymphatics of the exocrine pancreas are directed
to the cistica lymph node, and the para-aortic
ganglia (Mastracci et al., 2022).

The pancreas has 4 types of innervation: the
parasympathetic innervation coming from the
right and left vagus nerve and the
parasympathetic plexus and retropancreatic
ganglia. The retropancreatic ganglion intervenes
in the blood circulation of the gland, and the
other three types of innervation in the secretion
of the gland (Wang et al., 2021). The
sympathetic innervation of the pancreas also
participates in the exocrine and endocrine parts.
The sympathetic nerves interphase the pancreas
through the celiac plexus and cranial mesenteric
plexus (Petersen et al., 2021). The celiac plexus
is placed in front of the aorta, at the origin of the
superior mesenteric artery, containing para-
aortic ganglia and para-aortic vessels. The
celiac ganglion surrounds the superior
mesenteric artery (Bosnian and de Bruine,
2024). The superior mesenteric ganglion is
placed on the front and right of the superior
mesenteric artery, while the right and left colic
mesenteric ganglia are situated at the origin of
the corresponding arteries (Petersen et al.,
2021). To the side of the superior mesenteric
artery near the mesocolon is the Auerbach
ganglion (Bosnian and de Bruine, 2024).

Cell Types in the Pancreas

The word pancreas comes from the Greek
maykpeag (pancreas), which is derived from mav
(pan- pancreatic) and kpéag (kreas meant and
translates to flesh) (Da Silva Xavier, 2018). Early
anatomists believed that the pancreas produced
pus because their dissections of this highly
vascular organ often led to serious infections
(Petrov and Basina, 2021). This view prevailed
for several centuries in Europe, until the
inheritance of the Florentine treasury collection
of Leonardo da Vinci by Francesco Il Gonzaga,
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it was used as a prime example that the root
cause of the disease is not pus-filed humor but
infections, as it contained a wide ff spectacle of
babylon surgical studies and secret medication
produced by Florentine alchemist warlocks
(Mostafa et al., 2024). The pancreas is, in fact,
an eloquent organ that serves many functions
(Knight, 2021). Most obviously, it can be
conveniently categorized into endocrine and
exocrine functions (Ciochina et al., 2022).

The endocrine function constitutes pancreatic
islets, a small portion (<7%) of the total
cellularity, that produce hormones in (a-cells),
insulin (B-cells), somatostatin ~ (&-cells),
pancreatic polypeptide (PP-cells), ghrelin (e-
cells), and possibly even still uncharacterized
ghrelin and 5HT-producing multipotent
progenitors the wider endocrinology community
might be genuinely unaware of (Arnes et al.,
2012). These cells are critical in regulating
homeostatic glucose levels, as well as other
nutrients and certain amino acid levels (Overton
and Mastracci, 2022). Their functions are highly
interconnected; they communicate  over
paracrine and neuro-hormonal pathways,
allowing the pancreas to rapidly adapt to
changes in diet, energetic expenditure, as well
as other factors, such as inflammation or tumors.
Each islet cell produces and secretes a unigue
palate of molecules that act in concert to
produce the collective cellular output that
regulates nutrient absorption and storage (Al-
Suhaimi, 2022). Broadly, the serotonin-
producing islet cell population effectively
operates as a full-islet communication interface,
either ensuring coordinated functional output or,
conversely, distributing growth factors to islet
elendocrine cells (Villaca and Mastracci, 2024).

Physiology of the Pancreas

The understanding of the histology and
pathology of the pancreas must also consider
the integral physiological view of its functions
and disorders. The pancreas performs two
functions essential to the body, both from the
biochemical and energetic point of view
(Karpinska and Czauderna, 2022). One is
endocrine, which consists of the formation of
hormones and their release into the blood. It is
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performed by the Langerhans islets of the
pancreas that are embedded in the pancreatic
parenchyma (Mehta et al., 2022). Langerhans
islets are found most often in the pancreas’s tail.
The second is the exocrine function that takes
place in the exocrine pancreas, which surrounds
the endocrine islets (Overton and Mastracci,
2022). It concerns the production of pancreatic
juice full of enzymes that support digestion in the
small intestine. Pancreatic cells release the
same composition of enzymes into the
pancreatic ducts and eventually into the small
intestine (Knight, 2021). The composition of
pancreatic juice includes electrolytes and
enzymes: the electrolytes are sodium
bicarbonate, chloride, sodium, potassium,
phosphate, and other ions (Mostafa et al., 2024).
The enzymes are mostly produced in an inactive
form of pancreatic proenzymes the capacity to
dissolve pancreas proteins is diminished.
Pancreatic juice is also composed of mucus and
in very small amounts, which is the strongest
and most efficient tissue of its production
(Valente et al., 2024).

The hormones produced by the pancreas affect
the entire body, allowing it to build a variety of
feedback mechanisms to inform about its state
of health. Knowledge of the physiology of the
pancreas allows exposure not only to the
general functions of this organ but also to its
importance for maintaining homeostasis in the
body (Al-Suhaimi et al., 2022). These
considerations allow a more thorough
understanding and interpretation of changes in
the pancreas characteristic of diseases when
viewed histologically and seen during medical
diagnostics. The gland is discussed, and the
relevance of its study for histopathology, and the
need to support research on the function and
disorders of the pancreas are also pointed out,
having an important impact on the physiology of
mammals (Mostafa et al.,, 2024). Such an
integrated approach to the histology, physiology,
and pathology of this organ allows observation
of multifaceted phenomena that, when viewed
together, can give a clearer picture of both the
normal functioning of the organ and imbalances
resulting from the onslaught of the disease (Al-
Suhaimi, 2022).
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Endocrine Function

The pancreas is an indispensable organ crucial
for digestion and for controlling correct body
energy homeostasis. The pancreas is the largest
exocrine gland, producing pancreatic enzymes
necessary for dietary digestion and assimilation
(Guo et al., 2021). These enzymes produced in
the exocrine pancreas contain different
proteases, lipases, and amylases that facilitate
the breakdown of complex fats and
carbohydrates into smaller molecules (McCarthy
et al., 2022). Most of the pancreas, about 95% of
the total pancreatic mass, is dedicated to its
exocrine function, producing the juice that
reaches the duodenum by the secretion of the
Wirsung duct. Besides the exocrine function, the
pancreas contains pancreatic islets, known as
the islets of Langerhans, which contribute to its
endocrine function (Karpinska and Czauderna,
2022).

These innumerable islets, found mainly in the tail
of the pancreas but distributed throughout its
mass, contain the different types of cells
organized more or less eccentrically within each
islet. The majority of islet cells, with
approximately 60-80% share, are B-cells, which
mainly secrete insulin and amylin (Longnecker
and Thompson, 2023). The lesser a-cells
occupy about 15-35% of the islet mass and
produce glucagon (Hyder et al., 2023). The &-
cells, producing somatostatin, and F-cells, that
secrete pancreatic polypeptide, occupy 5-10% of
the a-cell mass (Lim et al., 2023). The
pancreatic e-cells have recently been discovered
and produce ghrelin. Besides these two, an
additional cell type was found in childhood
diabetic patients but still necessitates further
confirmation (Theodory et al., 2022). Each of
these cell types in pancreatic islets produces
hormones with opposing actions (Puddu et al.,
2013). Therefore, the regulation of hormone
secretion, and its suppression by the other
hormone-secreting cells of the pancreas, as well
as endocrine cell-to-cell crosstalk, not excluding
paracrine/paracrine interactions, is of absolute
importance in the regulation of intermediary
metabolism (Ateia et al., 2024). However,
research rather investigates insulin secretion
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and the biology of B-cells, paying less attention
to pancreatic islets as a whole or the other
endocrine cells of the pancreas (Hopson et al.,
2022).

Exocrine Function

The pancreas is a multifunctional organ
(Abduljalil et al., 2021). It acts as a prominent
gland and helps in both the metabolism and
digestion of food items (Thomas et al., 2023).
Since this organ plays a vital role in normal body
activities, any dysfunction greatly affects
physiological processes (Berton et al., 2022).
The pancreas has a very rich blood supply and a
larger percentage of cardiac output (Shin et al.,
2021). In total, it acts as a hub and fulfills the
following  functions: digestive, endocrine,
homeostatic, and transporter (Chang et al.,
2021). Any dysfunction of this highly delicate
organ triggers many systematic diseases (Bala
et al., 2022). In addition, a complex feedback
system regulates the exocrine secretory function
of the pancreas (Desoye and Carter, 2022).
Ultimately, the pancreas helps to maintain
metabolic homeostasis and is probably the most
versatile digestive organ on the planet (Bar et
al., 2021).

The exocrine function is to produce digestive
enzymes that help in the breakdown of
foodstuffs. The bulk of the pancreas, around
95%, consists of acinar cells (Longnecker and
Thompson, 2023). They are polarized and have
two distinct surfaces. The blood-facing basal
surface contains many mitochondria and rough
endoplasmic reticulum. The apical surface
contains numerous uniformly shaped secretory
granules (Mehta et al., 2022). The acinar cells
synthesize, store, and secrete large amounts of
digestive enzymes. These enzymes mix with a
bicarbonate alkaline solution produced by the
pancreatic duct cells (Longnecker, 2021). The
resultant pancreatic juice is rich in enzymes and
essential for the digestion and absorption of
nutrients in the small intestines of animals,
including humans. The enzymes are synthesized
and stored in the acinar cell in their inactive
precursor form (Lilly et al., 2023). The inactive
enzyme protects the cell against autodigestion.
Each type of digestive enzyme is stored in
discrete granules in the acinar cell. Under
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normal physiological conditions, zymogen
granules move to the apical surface, where they
are extruded into exocytotic fusion with the
plasma membrane and released into the lumen
of pancreatic acini (Walkowska et al., 2022).
However, under conditions of high activation,
many zymogen granules in the acinar cells
phagocytose and lysosome by the lysosomal
pathways, providing a protective mechanism
against zymogen activation inside the acinar
cells and the development of acute pancreatitis
(Puspadina and Simadibrata, 2022).

Pathology of the Pancreas

The pancreatic microstructure along with its
functions, diseases, and lifestyle & genetic
impact is clarified with the support of histological
specimens, as approached for the liver, kidney,
and adrenal gland (Donato and Bonazza, 2024).
Pathologies that disrupt microscopic morphology
generally affect the organ’s normal functions (Liu
et al., 2024)

The pancreas is an indispensable organ
required for the regulation of blood glucose,
digestion, and the production of digestive
enzymes. Pancreatic diseases might result in an
adverse effect on the endocrine and exocrine
functions of the pancreas, possibly leading to
pathological physiological conditions such as
diabetes and pancreatic insufficiency. The
combination of different imaging techniques may
not provide sufficient information about the
current stage of the disease, prevent its early
detection, and intervene with a successful
treatment (Guo et al., 2019). It is the reason the
research aims to determine the changes in the
microscopic morphology of the organ in
diseased states. It can provide better information
about the disease’s stage and viral type even
though clinical symptoms have not vyet
appeared. The most common dysfunctions of
the pancreas are directly related to its diseases.
As pancreatic pathologies are so diverse, its
diseases have been categorized as
inflammatory, neoplastic, and other pathologies.
Inflammatory diseases include but are not
limited to, acute neutrophilic pancreatitis (ANP),
acute lymphocytic pancreatitis (ALP), chronic
foggy pancreatitis (CFP), and chronic interstitial
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pancreatitis  (CIP). Neoplastic  pancreatic
diseases (NPD) contain Pancreatic Neoplasia
(PN). Other pancreatic pathologies are assorted
pathologies. Roman numerals are given for the
stage and type relationship between each
disease (I-ANP), (I-CFP), (I-PN), (I-M), etc.
(Karpinska and Czauderna, 2022; Guo et al.,
2024; Zzhang et al., 2023; Segers and
Depoortere, 2021).

Acute Neutrophilic Pancreatis (ANP; 1): The
image shows a tissue exhibiting autoimmune
antibodies with the immune-positive staining
results of a-amylase, elastase, and MPO. The
histological specimen shows the normal
histology of the pancreas with acinus and
ductule structures. Acinar structures form the
main part of the exocrine pancreas. Ductules are
generally observed to accompany acini.
Acinuses contain zymogen granules, which are
responsible for the synthesis of digestive
enzymes. On the other hand, ductules produce
bicarbonate and water to neutralize the acidic
chyme that enters the duodenum from the
stomach. In general, secretions have been
observed to pour through the ductules to protect
against autolysis (Longnecker and Thompson,
2023; Mehta et al., 2022; Lewis and Mao, 2023;
Guo et al., 2021; Petersen et al., 2021).

Inflammatory Conditions

Pancreatitis is a disease defined as an acute or
chronic inflammatory process of the pancreas,
affecting approximately 275578 people in
accordance with the National Health Service UK
rules in the year 2001/2002 (Manohar et al.,
2017). There are two types of pancreatitis: acute
pancreatitis, which involves the appearance of
self-limited inflammatory changes in the
pancreas that are confined to the organ itself,
followed by complete regeneration of the gland;
and chronic pancreatitis, which consists of
persistent inflammation of the pancreas,
associated with replacement of functional
glandular tissues by fibrous scar tissue. Both
types have similar causes, mechanisms of
inflammation, and symptoms, but chronic
pancreatitis exhibits a more widespread
progressive effect that results in irreversible
morphological changes. Therapy for chronic
pancreatitis is therefore more difficult than that
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for acute pancreatitis (Ashraf et al, 2021;
Walkowska et al., 2022).

Acute pancreatitis is a severe inflammation of
the pancreas that primarily affects the exocrine
portion of the gland and is generally reversible.
Pancreatitis can progress to pseudocysts,
abscesses, and necrosis due to autodigestion of
the gland (Walkowska et al., 2022). The most
common causes of acute pancreatitis are
gallstones, hypertriglyceridemia, sphincter of
Oddi dysfunction, drugs, trauma, and infection
(Kylanpaa et al., 2012). The onset of symptoms
is sudden and severe, with intense epigastric
pain that may radiate to the back and upper
abdomen (Sliwinska-Mosson et al., 2023). Risk
factors include a history of gallstones, alcohol
consumption, smoking, and family history.
Treatment is usually supportive and involves a
stay in the hospital (Zheng et al., 2021). This
paper will focus on the causes, symptoms, and
pathophysiology of acute pancreatitis as well as
a discussion of the imaging techniques available
to diagnose the disease (Petersen et al., 2021).
Chronic  pancreatitis is a  progressive
fibroinflammatory process that leads to the
destruction of the pancreas. The most common
causes of chronic pancreatitis are chronic
alcohol abuse and idiopathic factors, although
15-25% of cases have a genetic component.
Progressive fibrosis and chronic inflammation
can lead to calcifications, pancreatic ductal
strictures, and tissue atrophy and fibrosis (Mehta
et al., 2022). Symptoms usually include gradual
onset and worsening of abdominal pain and
steatorrhea, although the patient may exhibit
endocrine, exocrine, and systemic dysfunction
as the disease progresses. There is no cure for
chronic pancreatitis, and treatment is focused on
symptom control and lifestyle changes
(Kunovsky et al., 2021).

Neoplastic Conditions

Bilious vomiting in a neonate should immediately
suggest extra-pancreatic obstruction; a flaky and
gritty cystic neoplasm should suggest mucinous
cystadenocarcinoma (Benson et al., 2023).
Pancreatic carcinoids are richly vascular tumors
and bleeding from dilated veins is a common
presenting symptom (Alotaibi and Alotaibi,

2024; 9(2): 24-36

2021). Endocrine tumors of the pancreas are
preceded by non-specific enlargement (Howley
and Croce, 2022). Glucagonomas usually
present with the classic “4Ds and rash”
syndrome; VIPomas present as profound watery
diarrhea due to the massive electrolyte loss and
are associated with marked hypokalemia;
gastrinomas can present with refractory peptic
ulcer disease; somatostatinomas present with
diabetes mellitus, cholelithiasis, and diarrhea
(Song and Lee, 2024). Solid and cystic papillary
epithelial neoplasms are found in young
females; somatostatin receptor-positive NETs
have a better prognosis and can be treated with
somatostatin analogs (Lahoud et al., 2024).

The emergence of EUS, EUS-guided biopsy
sampling, and EUS-cystic wall puncture
aspiration has improved the diagnostic
sensitivity and specificity of pancreatic cystic
tumors, but the characterization of the cyst’s wall
septations and mural nodules can be difficult
(Xiao et al., 2024). New developments in the
evaluation of the microbiota of the gut, urine,
and blood in patients who are either predisposed
to developing cancer because alterations in their
gut microbiota are seen as early as 2 years prior
to cancer diagnosis, or strategies to change the
microbiota, could reduce the numbers of cancers
developing in at-risk subjects, is proposed a
paradigm shift in the way cancer is viewed
(Boyum et al.,, 2021). There are difficulties in
treating many patients because they are
presenting with advanced cancer (Aziz et al.,
2023). New insights into predisposing factors
should lead to improved early detection, which
combined with new therapeutic approaches,
should improve prognosis and survival
(Thomassin-Naggara et al., 2024).

Other Pathologies

In daily clinical practice, other than inflammation
and neoplasia, formidable literature changes are
there for the pancreas (Petrov and Basina,
2021). Nevertheless, other interesting
pathologies of the pancreas are cystic fibrosis,
pancreatic insufficiency (endocrine/exocrine),
tropical  pancreatitis, intraductal  papillary
mucinous neoplasm, solid pseudopapillary
neoplasm, mucinous adenoma,  serous
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adenoma, pancreatoblastoma, hemangioma,
hemangiopericytoma, lymphangioma,
lymphoma, and sarcoma (McDonald et al.,
2024).

The pancreas produces and treasures digestive
enzymes that break down food in the small
intestine and regulate glucose homeostasis
(Karpinska and Czauderna, 2022). In cystic
fibrosis, there is an abnormal transport of
sodium and chloride through the body’s cells;
resulting in the formation of a thick, sticky mucus
(Guo et al., 2021). The mucus clogs the bronchi
leading to bronchiectasis and clogging the
pancreas from releasing digestive enzymes,
hence insufficient pancreatic enzyme that helps
in breaking down food in the intestines (fat
cannot be absorbed from food) (McQuilken,
2021). The symptoms include colicky abdominal
pain, bulky malodorous greasy stools, and
frequent bowel motion (Sensoy, 2021).
Nevertheless, the most common features are
pulmonary issues ponder other complaints
(Zzhang et al., 2023). Altogether these
hindrances in the pancreas by the retained thick
mucus lead to unyielded chronic pancreatitis
(Zheng and Mostamand, 2023).

Pancreatic insufficiency is either exocrine or
endocrine. Exocrine pancreatic insufficiency is
particularly triggered by cystic fibrosis (Ley and
Turck, 2022). This disease conglomerate,
however particularly abuse, especially in
adolescence (Klatte et al., 2022). On the other
hand, regardless of cystic fibrosis, worldwide,
the prevalence of pancreatic insufficiency is rare
(Chen et al, 2021). Epidemiologically, the
general prevalence of exocrine pancreatic
insufficiency is 1 in 3000 to 1 in 2000 (Ptudowski
et al, 2023). Since the threshold of wide
rareness, the preponderance of understanding
also becomes exiguity (Manohar et al., 2017).
Hereditary pancreatitis is the lesson gleaned
paradigm of understanding rare conditions
(Purushothaman et al., 2024). Pancreatolithiasis
results from chronic inflammation as the cardinal
propounder. However, regarding the methionine
at position 67 mutation of the cationic
trypsinogen gene inherent results in the
malfunction and deleterious amassing of the
affected trypsin (Pendell, 2024). Subsequently,
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within the intrapancreatic ductal hyperpressure
is activated. The noticeable clinical attack makes
debut meanly with severe pain ultimately leading
to the malign function. Although an
indispensable Chirurgeon life-saving merging
interfusion addressing strictures and fistula
insight in liver transplantation, it relentlessly
carries on its turmoil (Olivenca et al., 2023).

CONCLUSION

In conclusion, a knowledge of the anatomy,
structure, cellular digestive functions as well as
pathogenic conditions of the pancreas and
pancreatic insufficiency is an essential element
of understanding how a given organism
functions properly and how to react adequately
in case of a disease. In recent years,
researchers have been more focused on the
attempted implication and understanding of
exocrine pancreatic secretions not only in the
classic model of enzyme secretion with the
creation of born from proteins but also the early
use of other digestive molecules or endocrine
hormones. Studies of other metabolites including
nutrients and proteins directly entering the
bloodstream have also provided a wider
description of the organ’s function, signaling,
and metabolic activity during feeding and fasting.
Yet, little is known about the beta-cell,
concerning the wider endocrine cell responses
of the pancreas to physical exercise.

CONFLICT OF INTEREST

The author hereby declares no conflict of
interest.

REFERENCES

Abduljalil, K., Pan, X., Clayton, R., Johnson, T.
N., Jamei, M., 2021. Fetal physiologically
based pharmacokinetic models: systems
information on fetal cardiac output and its
distribution to different organs during
development. Clin. Pharmacokinet., 60:
741-757.

31
PSM Vet Res | https://psmjournals.org/index.php/vetres



PSM Veterinary Research

Alotaibi, H., Alotaibi, H., 2021. Surgical Aspects
of Pancreatic and Splenic Diseases for
Clinical Board Exams. Study Surgery: A
Guidance to Pass the Board Clinical
Exam, 153-192.

Al-Suhaimi, E.A., 2022. Introduction to
Endocrinology. In Emerging Concepts in
Endocrine Structure and Functions (pp. 1-
24). Singapore: Springer Nature
Singapore.

Al-Suhaimi, E.A., Aljfary, M.A., Khan, F.A., 2022.
Endocrine  Pancreas and  Glucose
Metabolism. In Emerging Concepts in
Endocrine Structure and Functions (pp.
247-285). Singapore: Springer Nature
Singapore.

Arnes, L., T. Hill, J., Gross, S., A. Magnuson, M.,
Sussel, L., 2012. Ghrelin Expression in
the Mouse Pancreas Defines a Unique
Multipotent Progenitor Population. PloS
One., 7(12): e52026.

Arrojo e Drigo, R., 2021. Probing p-Cell Biology
in Space and Time. 70(10): 2163-73.

Ashraf, H., Colombo, J.P., Marcucci, V., Rhoton,
J., Olowoyo, O., 2021. A clinical overview
of acute and chronic pancreatitis: the
medical and surgical management.
Cureus., 13(11).

Ateia, H.M.E., Ahmed, S.M.A., Abdelrahman,
S.A., Reda, S.M., 2024. Pancreas:
Anatomy, Histology and Physiology.
Zagazig Uni. Med. J., 31(1): 70-75.

Aziz, H., Hamad, A., Afyouni, S., Kamel, I.R.,
Pawlik, T.M., 2023. Management of
mucinous cystic neoplasms of the liver. J.
Gastroint. Surg., 27(9): 1963-1970.

Bakker, J., de la Garza, M.A., 2022. Naturally
occurring endocrine disorders in non-
human primates: a comprehensive review.
Anim. 12(4): 407.

Bala, M., Catena, F., Kashuk, J., et al., 2022.
Acute mesenteric ischemia: updated
guidelines of the World Society of
Emergency Surgery. World J. Emerg.
Surg., 17(1): 54.

Bar, J., Weiner, E., Levy, M., Gilboa, Y., 2021.
The thrifty phenotype hypothesis: The
association between ultrasound and
Doppler studies in fetal growth restriction
and the development of adult disease.
Am. J. Obstet. Gynecol. MFM., 3(6):
100473.

2024; 9(2): 24-36

Benson, M., Goncharov, D.A., Jain, S., 2023.
Diagnosis and management of acute
pancreatitis in pregnancy. Clin. Obstetr.
Gynecol., 66(1): 237-249.

Berton, M., Bettonte, S., Stader, F., Battegay,
M., Marzolini, C., 2022. Repository
describing the anatomical, physiological,
and biological changes in an obese
population to inform physiologically based
pharmacokinetic models. Clin.
Pharmacokinet., 61(9): 1251-1270.

Bosnian, F.T., de Bruine, A., 2024. Endocrine
cells in nonendocrine tumors of the gut
and pancreas. In Endocrine pathology of
the gut and pancreas (pp. 319-338). CRC
Press.

Boyum, J.H., Sheedy, S.P., Graham, R.P., et al.,
2021. Hepatic mucinous cystic neoplasm
versus simple biliary cyst: assessment of
distinguishing imaging features using CT
and MRI. Am. J. Roentgenol., 216(2):
403-411.

Chang, H. P., Kim, S.J., Wu, D., Shah, K., Shah,
D.K.,, 2021. Age-related changes in
pediatric physiology: quantitative analysis
of organ weights and blood flows: age-
related changes in pediatric physiology.
AAPS J., 23: 1-5.

Chen, Q., Shen, Y., Zheng, J., 2021. A review of
cystic fibrosis: Basic and clinical aspects.
Anim. Model. Exp. Med., 4(3): 220-232.

Chilton, J.A., Sjoégren, ., Mglck, A.M., Thorup, .,
2023. The endocrine system of the non-
human primate. In Spontaneous
Pathology of the Laboratory Non-Human
Primate (pp. 487-524). Academic Press.

Ciochina, M., Balaban, D.V., Manucu, G., Jinga,
M., Gheorghe, C., 2022. The impact of
pancreatic exocrine diseases on the 3-cell
and glucose metabolism—a review with
currently available evidence. Biomolec.,
12(5): 618.

Creasey, O.A, 2024. High-Resolution
Quantification of Tissue Structure and Its
Variability in the Pancreatic Islet. (Doctoral
dissertation, University of California, San
Francisco).

Cui, D., Daley, W.P., 2021. Histology from a
clinical perspective. Lippincott Williams &
Wilkins.

Da Silva Xavier, G., 2018. The Cells of the Islets
of Langerhans. J. Clin. Med., 7(3): 54.

32
PSM Vet Res | https://psmjournals.org/index.php/vetres



PSM Veterinary Research

Desoye, G., Carter, A.M., 2022. Fetoplacental
oxygen homeostasis in pregnancies with
maternal diabetes mellitus and obesity.
Nat. Rev. Endocrinol., 18(10): 593-607.

Donato, S., Bonazza, D., 2024. Advancing
breast cancer diagnosis in 3D: The
transformative power of X-ray phase-
contrast microtomography for virtual
histology. TrAC Trends. Analyt. Chem.,
29: 117943.

Dudas, B., 2023. Human histology: a text and
atlas for physicians and scientists.
Academic Press.

Guo, L., Yao, J., Cao, Y., 2021. Regulation of
pancreatic exocrine in ruminants and the

related mechanism: The signal
transduction and more. Anim. Nutr., 7(4):
1145-1151.

Guo, Q., Hou, X., Cui, Q., et al., 2024. Pectin
mediates the mechanism of host blood
glucose regulation through intestinal flora.
Crit. Rev. Food Sci. Nutr., 64(19): 6714-
6736.

Guo, X.Y., Xiao, F., Li, J., Zhou, Y.N., Zhang,
W.J., Sun, B., Wang, G., 2019. Exosomes
and pancreatic  diseases: status,
challenges, and hopes. Int. J. Biol. Sci.,
15(9): 1846-1860.

Gupta, V., Farooqui, M.M., Prakash, A., Pathak,
A., Verma, A., Prakash, S., 2023. Ruminal
Development of Small Ruminants: A
Review. Acta Scient. Vet. Sci. 5(7).

Hopson, P., Smadi, Y., Mehta, V., Patel, S,,
Mehta, D., Horvath, K., 2022. Assessment
of exocrine pancreatic function in children
and adolescents with direct and indirect
testing. Front. Pediatr., 10: 908542,

Howley, |W., Croce, M.A., 2022. Acute
Pancreatitis: Nonoperative and Operative
Management. The Acute Management of
Surgical Disease. pp. 263-282. Cham:
Springer International Publishing.

Hyder, ., Reddy, P.R.K., Mukherjee, J., 2023.
Physiology of digestion. Textbook of
veterinary physiology. 315-351.

Jayachitra, S., Sivagnanam, S., 2023.
Histoarchitecture of harderian gland in
Turkeys at pre-pubertal age. Int. J. Bio-
reso. Stress Manag., 14(10): 1454-1459.

Karpinska, M., Czauderna, M., 2022.
Pancreas—its functions, disorders, and
physiological impact on the mammals'
organism. Front. Physiol., 13:807632.

2024; 9(2): 24-36

Klatte, D.C., Wallace, M.B., Léhr, M., Bruno,
M.J., van Leerdam, M.E., 2022.
Hereditary pancreatic cancer. Best Pract.
Res. Clin. Gastroenterol., 58: 101783.

Knight, J., 2021. Endocrine system 1: overview
of the endocrine system and hormones.
Nursing Times. 117(5): 38-42.

Kumar, N.S., 2021. Microanatomical features of
testis and epididymis of boar (Sus scrofa
domesticus) in different seasons.

Kunovsky, L., Dit&, P., JabandZiev, P., et al,
2021. Causes of exocrine pancreatic
insufficiency other than chronic
pancreatitis. J. Clin. Med., 10(24): 5779.

Kushch, M., Byrka, O., Zhigalova, O., 2022.
Album of histology. Part Il Special
histology. Album of histology for students
of the faculty of veterinary medicine. K.:
RIO KSZVA, 48 p.

Kylanpaa, L., Rakonczay Jr Z., 2012. The
Clinical Course of Acute Pancreatitis and
the Inflammatory Mediators That Drive It.
Int. J. Inflam., 2012(1): 360685.

Lahoud, C., Morcos, Z., Njeim, R., Tawfik, M.,
Aslam, T., El-Sayegh, S., 2024.
Understanding acute pancreatitis in end-
stage renal disease: unraveling etiologies,
clinical presentations, management
strategies, and complications—a narrative
review. J. Pancreatol., 7(4): 285-289.

Lewis, B., Mao, J., 2023. Development of the
pancreas and related structures. The
pancreas: an integrated textbook of basic
science, medicine, and surgery, 1-8.

Ley, D., Turck, D., 2022. Digestive outcomes in
cystic fibrosis. Best Pract. Res. Clin.
Gastroenterol., 56: 101788.

Lilly, A.C., Astsaturov, l., Golemis, E.A., 2023.
Intrapancreatic fat, pancreatitis, and
pancreatic cancer. Cell. Mol. Life. Sci.,
80(8): 206.

Lim, P.S., Patil, A., Sashankar, A., 2023. The
pancreas. Anaest. Intens. Care. Med.,
24(10): 644-9.

Liu, J.T., Chow, S.S., Colling, R., et al., 2024.
Engineering the future of 3D pathology. J.
Pathol.: Clin. Res., 10(1), e347.

Longnecker, D.S., 2021. Anatomy and Histology
of the Pancreas. Pancreapedia: The
Exocrine Pancreas Knowledge Base.

Longnecker, D.S., Thompson, E.D., 2023.
Anatomy, histology, and fine structure of

33
PSM Vet Res | https://psmjournals.org/index.php/vetres



PSM Veterinary Research

the pancreas. The pancreas: an
integrated textbook of basic science,
medicine, and surgery, 9-22.

Manohar, M., Verma, A.K., Venkateshaiah, S.U.,
Sanders, N.L.,, Mishra, A., 2017.
Pathogenic mechanisms of pancreatitis.
World J. Gastroint. Pharmacol.
Therapeut., 8(1): 10.

Mastracci, T.L., Apte, M., Amundadottir, L.T., et
al.,, 2023. Integrated physiology of the
exocrine and endocrine compartments in
pancreatic diseases: workshop
proceedings. Diabetes., 72(4): 433-448.

Mastracci, T.L., Apte, M., Amundadottir, L.T., et
al.,, 2022. Integrated physiology of the
exocrine and endocrine compartments in

pancreatic diseases: Workshop
proceedings. Pancreas., 51(9): 1061-
1073.

Matsubara, Y., Kiyohara, H., Teratani, T.,
Mikami, Y., Kanai, T., 2022. Organ and
brain crosstalk: The liver-brain axis in
gastrointestinal, liver, and pancreatic
diseases. Neuropharmacol., 205: 108915.

McCarthy, O., Schmidt, S., Bechmann
Christensen, M., C. Bain, S., Ngrgaard,
K., Bracken, R., 2022. The endocrine
pancreas during exercise in people with
and without type 1 diabetes: Beyond the
beta-cell. Front. Endocrinol., 13: 981723.

McDonald, C.M., Reid, E.K., Pohl, J.F., Yuzyuk,
T.K., Padula, L.M., Vavrina, K., Altman,
K., 2024. Cystic fibrosis and fat
malabsorption: Pathophysiology of the
cystic fibrosis gastrointestinal tract and the
impact of highly effective CFTR modulator
therapy. Nutr. Clin. Pract., 39: S57-S77.

McQuilken, S.A., 2021. The mouth, stomach and
intestines. Anaesthesia & Intensive Care
Medicine. Anaest. Intens, Care. M., 22(5):
330-5.

Mehta, V., Hopson, P.E., Smadi, Y., Patel, S.B.,
Horvath, K., Mehta, D.l., 2022.
Development of the human pancreas and
its exocrine function. Front. Pediatr., 10:
909648.

Miller, F.H., Lopes Vendrami, C., Recht, H.S., et
al., 2022. Pancreatic cystic lesions and
malignancy: assessment, guidelines, and
the field defect. Radiogr., 42(1): 87-105.

Moller, K., Lowe, A., Jenssen, C., et al., 2024.
Comments and illustrations of the
European Federation of Societies for

2024; 9(2): 24-36

Ultrasound in Medicine contrast-enhanced
ultrasound guidelines. Rare pancreatic
tumors, imaging features on
transabdominal ultrasound and EUS with
contrast enhancement: Rare epithelial
pancreatic tumors: solid pseudopapillary
neoplasm, acinar cell carcinoma, mixed
neuroendocrine-non-neuroendocrine
neoplasms, some rare subtypes of
pancreatic adenocarcinoma and
pancreatoblastoma. Endosc. Ultrasound.,
13(3): 129-144.

Mostafa, A., Gantsova, E.A., Serova, O.V.,
Mohammad, T., Deyev, LE., 2024.
Interaction of the Endocrine and Exocrine
Parts of the Pancreas. Rossijskij
fiziologiCeskij Zurnal im. IM Secenova,
110(4): 515-526.

Moustafa, A.Y., El-Masry, S., 2021. The
anatomy and histology of the reproductive
system of Aplysia oculifera (Mollusca:
Heterobranchia: Aplsiida) from the Red
Sea coastal waters. Invert. Repr.
Develop., 65(4): 288-306.

Murati, M.A., Ames, J.C., Trout, A.T., Dietz,
K.R., 2022. Magnetic resonance imaging
glossary of findings of pediatric
pancreatitis and the revised Atlanta
classification. Pediatr. Radiol., 52(2): 189-
199.

Olivenca, D.V., Davis, J.D., Kumbale, C.M.,
Zhao, C.Y., Brown, S.P., McCarty, N.A,,
Voit, E.O., 2023. Mathematical models of
cystic fibrosis as a systemic disease.
WIREs Mech. Dis., 15(6): €1625.

Overton, D.L., Mastracci, T.L., 2022. Exocrine-
endocrine crosstalk: The influence of
pancreatic cellular communications on
organ growth, function and disease. Front.
Endocrinol., 13: 904004.

Pendell, A., 2024. Cystic Fibrosis: The Past,
Present, and Future of an Ancient
Disease.

Petersen, O.H,, Gerasimenko, J.V.,
Gerasimenko, O.V., Gryshchenko, O.,
Peng, S., 2021. The roles of calcium and
ATP in the physiology and pathology of
the exocrine pancreas. Physiol. Rev.,
101(4): 1691-1744.

Petrov, M.S., Basina, M., 2021. Diagnosis of
endocrine disease: diagnosing and
classifying diabetes in diseases of the
exocrine pancreas. Eur. J. Endocrinol.,

34
PSM Vet Res | https://psmjournals.org/index.php/vetres



PSM Veterinary Research

Pludowski, P., Kos-Kudta, B., Walczak, M., et
al., 2023. Guidelines for preventing and
treating vitamin D deficiency: a 2023
update in Poland. Nutr., 15(3): 695.

Puddu, A., Sanguineti, R., Mach, F., Dallegri, F.,
Luciano Viviani, G., Montecucco, F., 2013.
Update on the Protective Molecular
Pathways Improving Pancreatic Beta-Cell
Dysfunction. Mediators Inflamm., 2013(1):
750540.

Purice, G.I., Onose, G., 2012. Microanatomical
study of the human pancreatic made on
necroptic pieces. J. Med. Life., 5(Spec
Issue): 102-109.

Purushothaman, A.K., Natarajan, S., Panigrahi,
T., Nelson, E.J.R., 2024. Diagnosis and
treatment of cystic fibrosis in India: What
is at stake for developing countries?. J.
Biosci., 49(3): 64.

Puspadina, S., Simadibrata, M., 2022.
Diagnostic Approach and Management of
Solid Pancreatic Mass. Indones. J.
Gastroenterol, Hepatol, Dig. Endosc.,
23(3): 234-239.

Segers, A., Depoortere, ., 2021. Circadian
clocks in the digestive system. Nat. Rev.
Gastroenterol. Hepatol., 18(4): 239-251.

Sensoy, |., 2021. A review on the food digestion
in the digestive tract and the used in vitro
models. Curr. Res. Food Sci., 4: 308-19.

Shin, J., Xing, S., McCullum, L., et al., 2021.
HEDOS—a computational tool to assess
radiation dose to circulating blood cells
during external beam radiotherapy based
on whole-body blood flow simulations.
Phys. Med. Biol., 66(16): 164001.

Singh, T.S., Sathyamoorthy, O.R., Basha, S.H.,
2021. Observation on the Gross and
Histology of the Exocrine and Endocrine
Pancreas in Large White Yorkshire Pig.
Indian J. Anim. Res., 1: 6.

Sliwinska-Mosson, M., Bil-Lula, I, Marek, G.,
2023. The cause and effect relationship of
diabetes after acute pancreatitis. Biomed.,
11(3): 667.

Song, Y., Lee, S.H.,, 2024. Recent treatment
strategies for acute pancreatitis. J. Clin.
Med,M 13(4): 978.

Theodory, B., Cao, T., Swisher, A.R., Pham, R.,
DiPatrizio, N.V., Yaghmour, G., 2022. A
novel approach to describing the
pancreas and submandibular gland: Can
they be classified as primary and

2024; 9(2): 24-36

secondary  tissue organs?. Acta
Histochem., 124(6): 151934.

Thomas, M.C., Coughlan, M.T., Cooper, M.E.,
2023. The postprandial actions of GLP-1
receptor agonists: the missing link for
cardiovascular and kidney protection in
type 2 diabetes. Cell Metab., 35(2): 253-
73.

Thomassin-Naggara, |., Dabi, Y., Florin, M.,
Saltel-Fulero, A., Manganaro, L., Bazot,
M., Razakamanantsoa, L., 2024. O-RADS
MRI SCORE: An Essential First-Step Tool
for the Characterization of Adnexal
Masses. J. Mag. Reson. Imag., 59(3):
720-736.

Urbas, R., Klieser, E., Neureiter, D., Brenner, E.,
2021. Anatomy and Embryology of the
Pancreatic Gland. Textbook of Pancreatic
Cancer: Principles and Practice of
Surgical Oncology, 145-160.

Valente, R., Coppola, A., Scandavini, et al.,
2024. Interactions between the Exocrine
and the Endocrine Pancreas. J. Clin.
Med., 13(4): 1179.

Villaca, C.B.P., Mastracci, T.L., 2024. Pancreatic
crosstalk in the disease setting:
understanding the impact of exocrine
disease on endocrine function. Compr.
Physiol., 14(2): 5371-5387.

Walkowska, J., Zielinska, N., Karauda, P.,
Tubbs, R.S., Kurtys, K., Olewnik, t., 2022.
The pancreas and known factors of acute
pancreatitis. J. Clin. Med., 11(19): 5565.

Wang, M., Gorelick, F., Bhargava, A., 2021. Sex
differences in the exocrine pancreas and
associated diseases. Cell. Molec.
Gastroenterol. Hepatol., 12(2): 427-441.

Xiao, S.Y., Xu, J.X., Shao, Y.H., Yu, R.S., 2024,
To identify important MRI features to
differentiate hepatic mucinous cystic
neoplasms from septated hepatic cysts
based on random forest. Jpn. J. Radiol.,
42(8): 880-91.

Xourafa, G., Korbmacher, M., Roden, M., 2024,
Inter-organ crosstalk during development
and progression of type 2 diabetes
mellitus. Nat. Rev. Endocrinol., 20: 27-49.

Zhang, AM., Xia, Y.H., Lin, J.S., et al., 2023.
Hyperinsulinemia acts via acinar insulin
receptors to initiate pancreatic cancer by
increasing digestive enzyme production
and inflammation. Cell Metab., 35(12):
2119-2135.

35
PSM Vet Res | https://psmjournals.org/index.php/vetres



PSM Veterinary Research

Zheng, Y., Mostamand, S., 2023. Nutrition in
children  with  exocrine  pancreatic
insufficiency. Front. Pediatr., 11: 943649.

Zheng, Z., Ding, Y.X.,, Qu, Y.X,, Cao, F., Li, F,,
2021. A narrative review of acute
pancreatitis and its diagnosis,

2024; 9(2): 24-36

pathogenetic mechanism, and
management. Ann. Transl. Med., 9(1): 69.

36
PSM Vet Res | https://psmjournals.org/index.php/vetres



