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Background: The current study was designed to perform a transmission electron 
microscopic investigation focusing on the dark and light pancreatic acinar β-cells 
of young domesticated pig (Sus Suidae).
Materials and methods: This study depended on the fresh pancreatic specimens 
from 5 healthy young (2-month-old) pigs that were collected immediately after 
they were slaughtered at the abattoir of Abdelkader Alexandria, Egypt. 
Results and Conclusions: In our findings, the acinar pancreas was formed of 
pyramidal pancreatic acinar cells with large spherical nuclei of condensed hetero-
chromatin at the periphery and prominent eccentric nucleoli. Zymogen granules 
were observed at the apical region of the acinar cells, and they appear as electron 
dense bodies. Numerous mitochondria and Golgi complexes observed in the acinar 
cell cytoplasm. The electron dense acinar cells were joined by junctional complex-
es. The rough endoplasmic reticulum was more prominent in the electron-dense 
acinar cells than did electron-lucent acinar cells. There was no connective tissue 
capsule separate the acinar portion of pancreas from the pancreatic islets. The 
pancreatic islets mainly formed of β-cells. The irregular α-cells possess numerous 
small granules. The cytoplasmic β-cells granules were surrounded by hallow area 
and enclosed by a limiting membrane. Delta cells were generally polygonal in 
shape and found in clumps throughout the islet and they were also identified in 
between β-cells. Their granules were of moderate electron density and were gen-
erally smaller than β-cells’ granules. The limiting membrane was tightly enclosed 
the delta cells granules and the hallow area around the granule were found similar 
to the granules of β-cells. (Folia Morphol 2022; 81, 4: 956–962)
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INTRODUCTION
The omnivorous domesticated pig (Sus Suidae, 

Erxleben 1777) species belong to order Artiodactyla, 
family Suidae, and genus Sus. These omnivorous 
domesticated pigs are bred mostly for meat con-
sumption and they feed on plants and sometimes 
on insects and fish [24].

Pancreas is described anatomically as an accessory 
portion of the digestive system and from a clinical 
perspective; it is the starting point for two impor-
tant diseases, diabetes and pancreatic cancer. It is 
to be trusted that a superior comprehension of the 
morphology and histology of this organ will in the 
long run add to the improvement of novel treatments 
for either or both of the above conditions [32]. The 
pancreas is a composite organ comprising exocrine 
and endocrine parts. The exocrine part consists of 
acini that discharge digestive enzymes into the pan-
creatic duct. The endocrine part, the pancreatic islets 
of Langerhans, is composed of masses of endocrine 
cells inserted inside the exocrine pancreas. Islet cells 
secrete pancreatic hormones, such as insulin, gluca-
gon, somatostatin, and pancreatic polypeptide (PP), 
which circulate throughout the body by means of 
blood vessels [9].

The pancreas consists of exocrine acini that pro-
duce digestive enzymes and endocrine islets that 
produce hormones. The exocrine acini of the pancreas 
consist mainly of tubuloacinar glands [10]. The diges-
tive enzymes of the secretory acini are delivered to 
the intestine through a branched network of ducts. 
Cells in the endocrine islets produce hormones that 
regulate the body metabolism via the blood circu-
lation [16]. The endocrine portion of the pancreas 
is composed of cellular aggregations that are scat-
tered among the pancreatic acini known as islets of 
Langerhans [12]. The endocrine part of the pancreas 
represents 1% or 2% of the pancreatic mass [19]. The 
mammalian endocrine pancreas is composed of alpha 
cells (α-cells or glucagon-producing cells), beta cells 
(β-cells, insulin-producing cells), delta cells (Δ-cells, 
somatostatin-producing cells), and F-cells (PP-cells, 
pancreatic polypeptide-producing cells) as described 
by Gartner [12]. 

The available data on the structure of the pan-
creas generally focus on the histological features of 
the pancreas in the adult stage. In addition, there is  
a lack of available data on the structure of the pan-
creas in newborn animals, especially on the domes-
ticated pig. Therefore, the current work describes 

the light and electron microscopic structure of the 
exocrine and endocrine pancreas of the newborn 
domesticated pig (Sus Suidae). Finally, our findings 
presented in this study, together with those presented 
in the previous study, provide a comprehensive report 
of the microscopic and ultrastructural structure of the 
pancreas of newly born pig.

MATERIALS AND METHODS
Sample’s collection

Fresh specimens of pancreases from 5 appar-
ently healthy 2-month-old domesticated pigs (Sus 
Suidae) were collected immediately after they were 
slaughtered at the abattoir of Abdelkader Alexandria, 
Egypt. The young, domesticated pigs (Sus Suidae) 
were slaughtered for human food, and consequently 
had been examined prior to slaughter by the slaugh-
terhouse veterinarian to obtain approval for con-
sumption by human. The present investigation was 
prepared according to the guidelines for the use and 
care of laboratory animals and followed animal ethics 
and welfare in the Faculty of Veterinary Medicine, 
Alexandria University and according to the Egyptian 
laws.

Transmission electron microscopy (TEM) 
description

Fresh pancreatic tissue samples of 1 mm thickness 
were obtained, fixed at 4°C in a solution of 2.5% 
glutaraldehyde for 24 h, rinsed in 0.1 M cacodylate 
buffer at pH 7.4, then post-fixed for 1 h at room 
temperature with 1% osmium tetroxide. Then, these 
samples were put at 4ºC in washing solution formed 
from 0.1 M sodium cacodylate containing 5% sucrose, 
processed by the tannic acid. Samples were dehy-
drated with ethyl alcohol in a graded sequence and 
eventually embedded in epoxy resin [17]. For tissue 
examination, semithin sections were cut and stained 
with toluidine blue. Ultrathin sections (50–60 μm) 
were cut and stained with uranyl acetate dihydrate 
and lead citrate saturated solution [20]. Finally, the 
sections were photographed by JEOL JEM-2100 TEM 
at Faculty of Science, Alexandria University, Egypt.

RESULTS
The acinar pancreas was formed from pyrami-

dal pancreatic acinar cells which had relatively large 
spherical nuclei with condensed heterochromatin at 
the periphery and prominent nucleoli that were found 
eccentric to the nucleus (Fig. 1). The cytoplasm con-



958

Folia Morphol., 2022, Vol. 81, No. 4

tained cisternae of the rough endoplasmic reticulum 
(Fig. 1/rER). Zymogen granules were found at the 
apical region of the acinar cells, and they appeared 
as electron dense bodies (Fig. 1/white arrowheads). 
Numerous mitochondria and Golgi complexes were 
found in the cytoplasm of each acinar cell. The acinar 
lumen was continuous with the intercalated duct 
(Fig. 1B/MT). There were two types of acinar cells; the 
first cellular type was the electron lucent acinar cells 
characterised by few zymogen granules, and the sec-
ond cellular type was the electron dense acinar cells 
characterised by the presence of numerous zymogen 
granules and electron dense nucleus (Fig. 2/DβC, LβC). 
The electron dense acinar cells were joined by junc-
tional complexes (Fig. 2/star). The centro-acinar cells 
had centrally located nucleus (Fig. 2/DβC and LβC).

The rough endoplasmic reticulum was more prom-
inent in the electron-dense acinar cells than in elec-
tron-lucent acinar cells (Fig. 2B–D/rER). There was 
no connective tissue capsule separating the acinar 
portion of pancreas from the pancreatic islets. The 
distribution of pancreatic islets was not uniform, 

but they were scattered and had different electron 
density of granules. The pancreatic islets were mainly 
composed of β-cells (Fig. 1/LβC, DβC). The α-cells were 
characterised by an irregular outline and possessed 
numerous small granules that were characterised by 
a moderate to high density and were surrounded 
by a membrane. The nuclei of the cells were ovoid. 
Cytoplasmic vacuoles were found and the rough en-
doplasmic reticulum that consisted of narrow tubules 
(Figs. 1, 2/rER). The Golgi apparatus appeared as 
small irregular lamina and their cytoplasmic granules 
were spherical and were larger than those of α-cells. 
The cytoplasmic β-cell granules were surrounded by 
hallow area and enclosed by a limiting membrane 
(Fig. 2). Delta cells were generally polygonal in shape 
and found in clumps throughout the islet and they 
were also identified in between β-cells (Fig. 2). Their 
granules were of moderate electron density and were 
generally smaller than β-cells’ granules. The limiting 
membrane tightly enclosed the Δ-cells granules and 
the hallow areas around the granules were found 
similar to those of the granules of β-cells.

Figure 1. A–D. Transmission electron micrographs of young-domesticated pig’s (Sus Suidae) pancreas showing light (LβC) and dark β-cells 
(DβC) with slightly oval nuclei, abundant zymogen secretory granules of variable sizes (white arrowheads), numerous mitochondria (MT), 
rough endoplasmic reticulum (rER), and few vacuoles (V); A: ×2500; B: ×4000; C, D: ×6000.

A B

C D
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DISCUSSION
The small clusters of pancreatic endocrine cells 

were first depicted by Paul Langerhans in 1869, after 
whom they were named as “Islets of Langerhans”. 
From that point forward, numerous morphological 
examinations have been completed utilising the dif-

ferent histological and ultrastructural techniques in 
numerous animal species such as camel [3, 15, 21], 
bovine [2, 14], feline [31], monkey [35], rabbit [34], 
rodent, canines and Guinea pig [11], mice [1], and 
rat [6, 13, 23]. The endocrine pancreas has likewise 
been studied in-non mammalian species such as some 

Figure 2. A–D. Transmission electron micrographs of pancreatic acinar gland cells of young-domesticated pig (Sus Suidae) showing the 
junction between the light (LβC) and dark β-cells (DβC) at the microvillus surface (red arrow). Note the presence of zymogen granules (white 
arrowheads), numerous mitochondria (MT), rough endoplasmic reticulum (rER), and cytoplasmic vacuoles (V) in the cytoplasm of both light 
and dark β-cells; ×2000.

Figure 3. Transmission electron micrograph of pancreatic acinar β-cells of young domesticated pig’s (Sus Suidae) pancreas; light (LβC) and 
dark β-cells (DβC). Note the abundant mitochondria (MT), rough endoplasmic reticulum (rER), a well-developed Golgi apparatus (GA), zymo-
gen granules (white arrowheads), and several variable sized vesicles (zigzag arrows).

A B

C D

A B C
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avian species [28, 29], teleost fish [22], lizard [7],  
and frog [8].

The acinar pancreas is formed of pancreatic aci-
nar cells which have relatively large spherical nuclei 
with condensed heterochromatin at the periphery 
and prominent nucleoli located eccentrically within 
the nucleus. The shape of the acinar cells has some 
variation as to which the current work reported the 
pyramidal cells, similar to that reported by Iniyah et 
al. [18] in large white Yorkshire pigs (Sus Scrofa) and 
Conklin [5] in Egyptian one-humped camel Camelus 
dromedarius, while Gupta et al. [14] described some 
variation of acinar cell shape from columnar to py-
ramidal in buffalo.

The current ultrastructural observations report-
ed that the zymogen granules appeared as electron 
dense bodies, similar to that reported by Goldsmith 
et al. [13]. Zymogen granules were reported also by 
Gupta et al. [14] in buffalo, Hafez and Zaghloul [15] 
in Egyptian one-humped camel Camelus dromedarius 
and Conclin [5] in human pancreas of foetus and by 
Laitio et al. [26] in foetus at 12 weeks. Moreover, the 
current work reported that numerous mitochondria 
and Golgi complexes were found in the cytoplasm 
of each acinar cell. In addition,  acinar lumen was 
continuous with the intercalated duct, similar to that 
described by Caro and Palade [4], Gupta et al. [14], 
Hafez and Zaghloul [15]. 

There are minor variations about the position of 
the zymogen granules in acinar cells. The current 
observations reported that the Zymogen granules 
were found at the apical region of the acinar cells, 
similar to that reported by Iniyah et al. [18] in large 
white Yorkshire pigs (Sus Scrofa) and Hafez and Zagh-
loul [15] in Egyptian one-humped camel Camelus 
dromedarius and confirmed in the different animal 
species by Eurell and Frappier [9] in a text book,  
while Gupta et al. [14] reported that the zymogenic 
granules were observed in the supranuclear cellular 
part of the cell in buffalo.

The current ultrastructural observations report-
ed that there were two types of acinar cells; the 
first cellular type was the electron lucent acinar cells 
characterised by few zymogen granules, and the 
second cellular type was the electron dense acinar 
cells characterised by the presence of numerous zy-
mogen granules and electron dense nucleus. The 
current ultrastructural observations reported that the 
electron dense acinar cells were joined by junctional 
complexes, in addition to the centro-acinar cells have 

centrally located nucleus, similar to that reported by 
Hafez and Zaghloul [15] in Egyptian one-humped 
camel Camelus dromedarius and Bonner-Weir and 
Like [2] in Holstein cattle pancreas.

Our ultrastructural study showed the rough endo-
plasmic reticulum was more prominent in the elec-
tron-dense acinar cells than in electron-lucent acinar 
cells; similar findings were reported by Hafez and 
Zaghloul [15] in Egyptian one-humped camel Camelus 
dromedarius. We found no connective tissue capsule 
separating the acinar portion of the pancreas from 
the pancreatic islets. The distribution of pancreatic 
islets was not uniform, but they were scattered and 
had different electron density of granules. 

There are three significant cell types in the islets 
of Langerhans: α-cell producing glucagon, β-cell pro-
ducing insulin, and δ-cell producing somatostatin; an 
arrangement dependent on the pioneer works of Lacy 
[25] and Munger et al. [30]. Other cell types (C, E, F, V,  
and X or PP) that secrete pancreatic polypeptides 
were seldom seen in a couple of animal species such 
as camel [15], canine, Guinea pig, rabbit [32] and 
mice [1]. The current work described the presence 
of mainly three well-defined cells in the pancreatic 
islets and the islets mainly consisted of β-cells; sim-
ilar observations were made by Bsoul et al. [3] and 
Khatim et al. [21] in a single hump camel (Camelus 
dromedarius). The cytoplasmic β-cells granules 
were surrounded by hallow area and enclosed by 
a limiting membrane, similar to that reported by 
Hafez and Zaghloul [15] in Egyptian one-humped  
camel Camelus dromedarius. 

The current ultrastructural observations reported 
that the α-cells were characterised by an irregular 
outline and possessed numerous small granules of 
a moderate to high density surrounded by a mem-
brane. The nuclei of the cells were ovoid. Cytoplasmic 
vacuoles were found and the rough endoplasmic 
reticulum that consisted of narrow tubules. The Golgi 
apparatus appeared as small irregular lamina and 
their cytoplasmic granules were spherical and were 
larger than those of α-cells. These findings were sim-
ilar to that reported by Hafez and Zaghloul [15] in 
Egyptian one-humped camel Camelus dromedarius. 
Also, Bsoul et al. [3] confirmed these findings in  
a single hump camel (Camelus dromedarius) but there 
was a difference consisting in that presence of the 
spherical nuclei of the polyhedral shaped cells.

Delta cells were generally polygonal in shape and 
found in clumps throughout the islet and they were 
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also identified in between β-cells. Their secretory 
granules were of moderate electron density and were 
generally smaller than β-cells’ granules. The limiting 
membrane tightly enclosed the Δ-cells granules and 
the hallow areas around the granules were found 
similar to those of the granules of β-cells, which was 
consisted with the observations reported by Bsoul et 
al. [3] in a single hump camel (Camelus dromedarius). 
These findings were similar to that reported by Hafez 
and Zaghloul [15] in Egyptian one-humped camel 
Camelus dromedarius but different in that there was 
no hallow area around the granules. The presence of 
the Δ-cells was also described in the endocrine part 
of the pancreas of numerous animal species such as 
cats [27], rats [6, 13, 23], and camels [14, 15, 21].

CONCLUSIONS 
The acinar pancreas was formed of pyramidal 

pancreatic acinar cells with large spherical nuclei. 
Electron dense zymogen granules were observed at 
the apical region of the acinar cells. There was no 
connective tissue capsule separate the acinar portion 
of pancreas from the pancreatic islets. The pancreatic 
islets mainly formed of β-cells. The irregular α-cells 
possess numerous small granules. The cytoplasmic 
β-cells granules were surrounded by hallow area and 
enclosed by a limiting membrane. Delta cells were 
generally polygonal in shape and found in clumps 
throughout the islet and they were also identified 
in between β-cells. Their granules were of moderate 
electron density and were generally smaller than 
β-cells’ granules. The limiting membrane was tight-
ly enclosed the delta cells granules and the hallow 
area around the granule were found similar to the 
granules of β-cells.
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