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Abstract
The pancreas is an organ of special interest from a medical viewpoint as it is the target of two major diseases;
diabetes mellitus and pancreatic cancer. The present study was conducted to investigate the histoarchitecture and
histochemical aspects of the exocrine portion of the pancreas in the adult male and female guinea pigs. Eight animals
of each sex were used to perform the project. Specimens were either fixed using 10% neutral buffered formalin or
Bouin's solution. Tissues sections were stained using different stains such as hematoxylin and eosin (H&E),
Masson's Trichrome (MTC), Periodic acid Schiff (PAS), Alcian blue (AB) (pH 2.5) and a combination of the last two
stains. Exocrine portion of the pancreas formed up nearly the whole of the pancreas. It was constructed of different
sized lobules of well-formed parenchyma made by densely packed acinar units. The parenchyma provided with well
duct system in which most of interlobular ducts were lined by simple columnar epithelium with goblet cells
associated with subepithelial mucous glands. The main (minor pancreatic) duct was surrounded by supporting
connective tissue which possessed smooth muscle fibers. Unique histological features of the pancreas in Guinea pigs
were recorded such as only the wall of minor pancreatic duct having smooth muscle fibers that was supportive to
the duct till its entrance the duodenal wall and most branches of the duct system were lined by columnar epithelium
with goblet cells reacted positively toward both PAS and AB staining procedures. Autonomic ganglia were detected
only in the body lobe adjacent to the large and larger interlobular ducts and vessels in the pancreas.
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1. Introduction
Pancreas is an organ of special interest from a
medical viewpoint as it is the target of two major
diseases that are diabetes mellitus and pancreatic
cancer. It is to be hoped that a better understanding of
the morphology and histology of this organ will
eventually contribute to the development of novel
therapies for the treatment of either or both of the
above diseases (Seymour et al., 2004).
There are imperative roles of the exocrine and
endocrine portions of the pancreas to secret many
important digestive enzymes as well as some important
hormones that play a role in blood sugar metabolism.
Therefore, disorders that afflict the pancreas can occur
in both portions and research into the structures of the
pancreas could provide much insight into the etiology

of many of the related diseases (Mastracci and Sussel
2012). Actually, guinea pigs are widely distributed
nowadays because of their popularity as a pet and a
food source. They were frequently used in biomedical
research beside other laboratory species such as
rabbits and rats (Mehrez and Mousa 2011; Al-Saffar et
al., 2010; Al-Saffar et al., 2009).
Up to date there is no research in the current
literatures conducted to describe the histology and
histochemistry of the pancreas of the adult guinea pigs
and there is paucity of work focused only on the
pathological aspect and concerned diseases of this
organ in cats, rabbit, dogs, rats and other species (AlSaffar and Al-Zuhairy, 2017; AL-Saffar and Al-Hasnawy,
2014; Gwarzo et al., 2010; Newman et al., 2009;
Constautinescu et al., 2006). Accordingly, the current
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project was conducted to study the histoarchitecture
and histochemical aspects of the pancreas of adult male
and female guinea pigs to provide better understanding
data and provides basic scientific information to
conduct physiological and pharmaceutical researches

2. Materials and methods
Animals and study design
Clinically, sixteen healthy adult guinea pigs (8
males and 8 females) were bought from local farms at
Diyala province and they were caged in the animal
house till their euthanasia and dissection to obtain their
pancreases. This research project was conducted from
January 2018 to April 2019. Each selected animal was
euthanized prior to its dissection by intra-venous
injection of over dose of 140 mg/kg of sodium
pentobarbital (Euthasol; Delmarva Laboratories,
Midlothian, VA) (Eifler et al., 2009). After that, the
animal was dissected on a dissecting board.
Histological techniques
The representative specimens were cut from each
lobe of pancreas for histological approach. A set of
specimens were immersed in 10% neutral buffered
formalin for 72 hrs and another set of specimens were
fixed using Bouin’s solution for 16 hrs for subsequent
histochemical processing. Specimens were dehydrated
through ascending series of ethyl alcohol (70%, 80%,
90% and 100%) each for 2 hrs, and then cleared with
xylene for ½ hr. Processed specimens were infiltrated
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that are related to the diseases of pancreas. Certainly,
the obtained data will provide good animal model for
both veterinary field in animals and public health in
human.
with paraffin wax on 58 ºC then embedded with paraffin
wax to obtain blocks of paraffin. Sections of 6 µm were
obtained by using rotary microtome. The sections were
stained with either one of the following stains: H&E,
MTC, PAS, AB (pH 2.5) and combined PAS-AB (pH 2.5).
The tissue sections were examined using Olympus
light microscope. Sections were photographed and
analyzed by Dino-eye piece camera provided with
Image software (Insert model, manufacturer and
country of origin).

3. Results
Gross observations indicated the presence of three
irregular lobes (right, body and left) in the pancreas of
the studied guinea pigs (Fig. 1). The type of pancreas
was compact which was characterized distinctly with
gross lobulation. The organ showed minor pancreatic
duct only and absence of the major pancreatic duct.
The light microscopy of serially sectioned
pancreatic lobes revealed the presence of the following
structures: exocrine portion which include capsule,
stroma, acini (represent the parenchyma) and
associated duct system beside the endocrine portion
represented by the Islet’s of Langerhans.

Fig (1): Pancreatic lobes with adjacent organs showing body (blue stars), right lobe (yellow arrows), left lobe (blue arrows).
Figure also showed 1st (1), 2nd (2) and 3rd (3) duodenal flexures formed by descending (D) and ascending (A) duodenum.

Capsule and stroma
Microscopic examination revealed a thin layer of
loose connective tissue surround all over the organ. In
fact, this was not a true capsule but it was a part of the
mesentery which held and fixed the organ in situ.
Numerous thin septae of loose connective tissue were
extended from this capsule separating many different
sized pancreatic lobules (Fig. 2).
The septae or interlobular loose connective tissue
fibers were scanty but condensed around the
intralobular and interlobular ducts as well as around
the accompanied blood vessels. Also, very fine
connective tissue observed between the acini of the

glandular tissue. The dense connective tissue presents
around the ducts and blood vessels easily observed
when the sections of pancreas stained with Masson’s
trichrome stain procedure. Characteristically, fatty
tissue was observed in the interlobular septae and
single or groups of fat cells were detected in the
pancreatic structure, distinctly in female individuals
(Fig. 2).
Parenchyma
The parenchyma of the pancreas was formed by
the presence of different sized small structures called
the acini. These units were collected together forming
numerous lobules that were separated from each other
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by very fine connective tissue septae. Each of which was
formed of pyramidal epithelial cells. The cells were
characterized by apical zymogene granules with basally
located nuclei. The acini of the pancreas were
surrounded distinctly by the myoepithelial cells that
were characterized by their flattened shaped and darkly
stained nuclei (Fig. 2). These cells were peripherally
located between the basement membrane and the bases
of pyramidal cells. Mostly they were covered one or two
of adjacent pyramidal cells. A group of cells were
detected around the lumina of the acini. These cells
established the first part of the duct system of the
exocrine pancreatic portion called centroacinar cells aid
to carry out the cellular products of these functional
secretory units (Fig. 2).
The microscopic examination showed acini
invested in very scanty intralobular loose connective
tissue in which blood capillaries, small arterioles and
intralobular ducts were present (Fig. 2). The acini
which formed the parenchyma were invested by many
rounded or oval-shaped structures, the islets of
Langerhans. The loose connective tissue with numerous
blood capillaries were distinctly observed around these
islets and the interlobular blood vessels and ducts.
Many fat cells and spots areas of fatty tissue were
present embedded in the exocrine portion
characteristically in the female pancreas.
Microscopic examination showed well developed
duct system in the pancreas of adult guinea pigs. It was

begun by the appearance of approximately 1-3
centroacinar cells around the lumina of the pancreatic
acini (Fig. 2). These cells subsequently joined the small
intercalated ducts which were lined with cuboidal
epithelial cells. As mentioned previously for the acini,
these ducts were also surrounded by myoepithelial cells
(Fig. 2).
The intercalated ducts were connected together to
form the intralobular duct lined with simple cuboidal
epithelium. The latter ducts left the pancreatic lobules
directed toward the interlobular septae where they
were still lined with simple cuboidal epithelium.
Subsequently, many of these mentioned ducts where
converged forming large interlobular ducts lined with
simple columnar epithelium with goblet cells (Fig. 2).
The connection of many of these ducts formed the
larger interlobular ducts characterized by the simple
columnar epithelium with goblet cells accompanied
with subepithelial connective tissue filled with mucous
glands (Fig. 3).
The subepithelial connective tissue condensed and
stained positively with Masson’s trichrome stain. The
collagenous connective tissue fibers were stained green
or blue when the light green or aniline blue was used in
the preparation of this stain. Distinctly, the connective
tissue was densely distributed around the ducts
mentioned above as well as the blood vessels (Fig. 2).

Fig (2): Histological sections of the pancreas of adult guinea
pigs. A: different sized pancreatic lobules (red stars)
separated by interlobular connective tissue filled with
adipose tissue (black arrow). B: centroacinar cells (red
arrows) in the pancreatic acini (yellow arrow). C: acini
surrounded by myoepithelial cells (black arrow). D:
myoepithelial cell (black arrow) surrounded intercalated
duct. H &E, X4 (A), X40 (B, C, D).

Fig (3: Distribution of connective tissue stroma around
blood vessels (red arrows), interlobular ducts (black
arrows) with scanty fibers around acini (yellow arrows).
Presence fatty tissue (green arrows). MTC, X10 (A & B),
X40 (C & D).

Duct system
The described above larger interlobular ducts were
observed in the cores of the left and right lobes together
with those in the body were converged forming a new
duct characterized by thick wall. The duct lined by
simple columnar with goblet cells, subepithelial
mucous glands with presence of circularly arranged
smooth muscle bundles (Fig. 4). This formed duct

called minor pancreatic duct. It was the main duct of the
pancreas in the studied guinea pigs. It was established
in the body and directed toward the last part of
ascending duodenum passing through the tissue of the
connecting part of the body. Characteristically, the
minor pancreatic duct traverses the wall of ascending
duodenum obliquely and it precise and passes through
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the wall in between the external and internal muscular
layers of the duodenal tunica muscularis. Subsequently,
it opened into the duodenal lumen. Histochemically, the
mucous of the goblet cells and mucous glands were
strongly stained blue with AB (Fig. 6), whereas,
moderately or sometime weakly stained pink with PAS
(Fig. 5). Post applying combined AB-PAS procedure,
mucous of goblet and mucous glands were stained
magenta color. As same as the previous ducts, the
goblet cells and mucous glands of the minor pancreatic
duct were positively stained with histochemical stains
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such as AB, PAS, and combined AB-PAS stains. The data
showed no clear differences in the duct system of the
pancreas between male and female individuals.
Pancreatic ganglia
Many small intramural parasympathetic ganglia
were embedded between acini. The ganglion cells were
large in size having rounded nuclei and small nucleoli.
Their cytoplasm showed prominent Nissl’s granules.
The ganglion cells were surrounded with many small
darkly stained glial cells (Fig. 4).

Fig (4): Larger interlobular duct lined with simple columnar epithelium ciliated
with goblet cells (red arrows) and subepithelial glands (black arrows), blood
vessels (yellow arrows). MTC, X40 (A), X20 (B).

Fig (5): A: Minor pancreatic duct lined with simple
columnar epithelium ciliated with goblet cells (red
arrows) and subepithelial mucous glands (yellow
arrows) surrounded by muscular layer of smooth
muscle fibers (black arrows). H&E, X20. B:
parasympathetic ganglion (white arrow) embedded in
parenchyma (green arrow). MTC, X40. C &D: PAS
positive reaction of mucin in goblet cells (red arrows)
and subepithelial mucous glands (yellow arrows). PAS.
X40

Fig (6): A & B: AB (pH 2.5) positive reaction of mucin of
goblet cells (black arrows) and subepithelial mucous glands
(red arrows) in the larger interlobular ducts. X20, X40.
C: Larger interlobular duct stained by combined AB (pH 2.5)PAS showed positive reaction to AB (red arrows) and PAS
(black arrows) and combined staining (green arrows). X40.
D: AB(pH 2.5) positive reaction of mucin of subepithelial
mucous glands (red arrows) in the minor pancreatic duct.
Smooth muscle fibers (yellow arrows). X20
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4. Discussion
Microscopic findings revealed that the pancreas of
adult male and female guinea pigs was a compound
tubule-acinar gland formed from both exocrine and
endocrine portions. It was subdivided into many
different sized pancreatic lobules that were separated
by thin loose connective tissue septa. The lobes were
formed from densely grouped exocrine units called
acini constructed from pyramidal epithelial cells,
characterized by apical zymogene granules with basally
located nuclei separated from each other by very fine
connective tissue septae. Similar observation was
previously recorded in other species such as mouse
(Houbracken and Bouwens, 2017), cat (Al-Saffar and
Al-Zuhairy, 2017) and rat (Fattah, 2008).
In the current study, microscopic examination
revealed the presence of myoepithelial cells
surrounded the acini units of the pancreas. They
appeared peripherally located between the basement
membrane and the bases of pyramidal cells. Oppositely,
the current findings established the presence of these
cells was around the intercalated duct. Similarly,
previous investigations have demonstrated these cells
were also found around acini in other animals such as
local rabbit (AL-Saffar and Al-Hasnawy, 2014).
Similarly, to the guinea pig, the pancreas of domestic cat
showed myoepithelial cells around the acinar units of
the pancreatic parenchyma. They were appeared
adherent to the basement membrane of the acini. But
differently, the presence of these cells around
intercalated ducts in case of guinea pigs was not found
in the cat’s pancreatic parenchyma (Al-Saffar and AlZuhairy, 2017).
Current findings in the adult guinea pigs showed
simple lining epithelium of duct system that was
initiated by centroacinar cells and terminated at the
minor excretory duct. These microscopic findings were
in agreement with those observed in the pancreas of
domestic cats, but with some differences such as
absence of the goblet cells in the lining epithelium all of
the duct system. Moreover, in the cats the wall of the
interlobular ducts up to the minor duct showed thin
layer of smooth muscle bundles, whereas, in the current
student guinea pigs the muscles found only in the minor
pancreatic duct (Al-Saffar and Al-Zuhairy, 2016).
Similarly, in the domestic rabbits the duct system
showed simple epithelium but the goblet cells were
observed only in the wall of minor pancreatic duct, as
well as lack of the smooth muscle bundles in the wall of
this duct different than what was recorded in the guinea
pigs (AL-Saffar and Al-Hasnawy, 2014).
Microscopic examination was showed the
presence of intramural ganglion positioned inside the
pancreatic acinar tissue or as large ganglion closely to
the pancreatic lobule. These ganglia were similarly
recorded previously in the pancreas of other species
such as cats (Al-Saffar and Al-Zuhairy, 2017), rabbits
(AL-Saffar and Al-Hasnawy, 2014) and rats
(Chumasova et al., 2012).
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Current findings did not detect the Pacinian
corpuscles in the pancreas of the guinea pigs that were
recorded previously in the pancreas of human (GarciaSuarez et al., 2010; Standop et al., 2001) and some
mammalian species such as cats (Al-Saffar and AlZuhairy, 2017). So that absence of Pacinian corpuscles
in the guinea pig was in agreement with other species
such as local rabbits (AL-Saffar and Al-Hasnawy, 2014).
In conclusion, microscopically, autonomic ganglia
were detected only in the body lobe adjacent to the
large and larger interlobular ducts and vessels in the
pancreas of the studied guinea pigs. In addition to that
unique histological features were recorded such as only
the wall of minor pancreatic duct having smooth muscle
fibers that was supportive to the duct till its entrance
the duodenal wall and most branches of the duct system
were lined by columnar epithelium with goblet cells
reacted positively toward both PAS and AB staining
procedures.
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