
Introduction

The endocrine cells of the digestive system are distributed
mainly in the form of clusters within the pancreas, the pancre-
atic islets, or scattered throughout the wall of the stomach and
intestines, the gastric and enteric endocrine cells (Rindi et al.,
2004). Synaptophysin is an integral transmembrane glycopro-
tein expressed mainly in almost all types of endocrine cells
(Wiedenmann et al., 1986). It is also expressed in synaptic vesi-
cles of neurons (Buffa et al., 1987). Immunohistochemically,
synaptophysin appeared as a regular constituent of the pan-
creatic endocrine cells in man, bovine, rodents, and dog (Re-
decker et al., 1991). Such expression pattern renders
synaptophysin as one of the most specific and consistent
markers for identification of  cells with neuroendocrine func-
tions in normal and diseased tissues (Kyriakopoulos et al.,
2018). The pancreatic islets perform important roles for en-
suring regular uptake of blood glucose through secretion of
a cocktail of glucose-sensing hormones. Dysfunction of pan-

creatic islets is usually associated with nutrients deprivation in
several tissues including liver, muscles, and adipose tissue
(Nafikov and Beitz, 2007).

The endocrine cells in the wall of the gastrointestinal tract
represent the largest population of endocrine cells in the body
(Ahlman and Nilsson, 2001). Endocrine cells releasing several
types of hormones were found across various regions of the
stomach in mammals, birds, and reptiles (Aksoy and Cinar,
2009; Trandaburu and Trandaburu, 2009; Pyarokhil et al.,
2017). Through the release of multiple hormones and com-
munications with the neural and vascular structures in the wall
of the stomach, these gastric endocrine cells orchestrate body
responses to various types of ingested nutrients and fine-tune
a wide range of physiological processes (El‑Salhy et al., 2016).
Thus, providing excellent therapeutic candidates for the treat-
ment of diseases of endocrine origin. 

Despite their importance for the food industry, several as-
pects of the gastric and pancreatic biology of camel are still
poorly understood. Morphological, histochemical, and ultra-
structural features of camel`s abomasal mucosa had been re-
ported by previous studies (Abdel-Magied and Taha, 2003;
Raji, 2011). The locations of cells expressing insulin, glucagon,
somatostatin and pancreatic polypeptide in pancreatic islets
of the dromedary camel had also been described (Althnaian
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Endocrine cells of the gastrointestinal tract are located mainly within the pancreatic islets and through-
out the wall of the stomach and intestines. These cells regulate several body functions via release of
hormones. Synaptophysin is a transmembrane glycoprotein expressed in almost all types of endocrine
cells as well as in synaptic vesicles of neurons. Nevertheless, the distribution of synaptophysin-im-
munoreactive (SYP-IR) cells in abomasum and pancreas of camel has not been described. In the present
study, SYP immunoreaction was assessed in different regions of abomasum and pancreas of dromedary
camel using SYP immunostained sections. SYP-IR endocrine cells of both closed- and open-types were
observed within cardiac, fundic, and pyloric gland regions of the abomasal mucosa. Significantly higher
number of SYP-IR cells were evident within the fundic and pyloric gland regions compared to cardiac
gland region. Moreover, SYP labelled nerve fibers located within abomasal lamina propria and cells and
fibers of the submucosal and myenteric nerve plexuses. In pancreas, SYP intensely labeled almost all
cells of pancreatic islets. SYP-IR endocrine cells were also observed within the lining epithelium of pan-
creatic acini and ducts. In addition, SYP intensely stained cells and fibers of intrapancreatic ganglia. A
moderate SYP immunoreaction was seen within the perivascular and periductal nerve fibers as well as
those fibers supplying the pancreatic acini and ducts. These findings advance our understanding of the
normal distribution of the gastro-pancreatic endocrine cells in camel. Future studies are needed for
further characterization of hormones produced by these cells and their clinical relevance in camel.
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et al., 2019). However, data on quantitative distribution of en-
docrine cells in the abomasum and pancreas of camel are lack-
ing. Taking the advantage of synaptophysin as a
pan-endocrine marker, the present study aimed to examine
the distribution of endocrine cells across different regions of
the abomasum (cardia, fundus, and pylorus) as well as the
pancreas (body, right and left lobes) in camel. The expression
of synaptophysin by neural structures located within the abo-
masal wall and pancreas was also examined and recorded.

Materials and methods

Sample collection

Abomasa and pancreases of 10 male dromedary camels
aged 2-15 years were sampled soon after their slaughter at
Zagazig abattoir (Egypt) during January-April 2019. Tissue
sampling was performed based on the known anatomy of the
examined organs (Abdel-Magied and Taha, 2003; Masaad,
2007). All samples were labelled, fixed in 10% neutral buffered
formalin, and processed for paraffin embedding. Next, sec-
tions of 4 µm thickness were cut, mounted on positively
charged microscopic slides and allowed to dry.

Chemicals

All chemicals used in the present investigation were ob-
tained from Thermo Fisher Scientific Inc. (Waltham, MA, USA),
unless otherwise specified. 

Immunohistochemistry

Paraffin sections were deparaffinized in xylene and rehy-
drated in descending grades of ethanol. The antigenic epi-
topes were retrieved by boiling the sections in 10 mM citrate
buffer (pH 6.0) in microwave at 750 watts for 25 minutes. En-
dogenous peroxidase activity was blocked by incubating tis-
sue sections in 0.3% hydrogen peroxide solution for 20
minutes at room temperature (RT). To block non-specific bind-
ing of the primary antibody, sections were washed in phos-
phate buffered saline and then incubated in 10% donkey
serum for 1 hour at RT before application of the primary an-
tibody. Next, blocked sections were incubated with mono-
clonal rabbit anti-synaptophysin (clone# EP158, ready-to-use,
BioGenex, CA, USA) for 3 hours at RT. For negative control sec-
tions, the primary antibody was replaced with blocking buffer.
All sections were incubated with biotinylated donkey anti-rab-
bit secondary antibody (Jackson ImmunoResearch, PA, USA)
followed by VECTASTAIN Elite ABC kit (Vector laboratories, CA,
USA), 30 minutes each. Bound antibodies were visualized by
incubating the stained sections with diaminobenzidine solu-
tion (Sigma-Aldrich, MO, USA) for 5-10 minutes. All sections
were counterstained with hematoxylin and photographed
using Leica DM3000 light microscope.

Quantification of synaptophysin (SYP)-immunoreactions

Synaptophysin-immunoreactive (SYP-IR) endocrine cells
within the abomasal mucosa and pancreas of camels were
quantified using particle counting and analysis section of Im-
ageJ Fiji software (Schneider et al., 2012). At least three differ-
ent sections from each animal were analyzed per each part
studied. The number of SYP-IR cells in the cardiac, fundic, and
pyloric regions of the abomasum were counted and com-
pared. For pancreas, the following parameters were analyzed
across the body, right and left lobes of the pancreas: the per-
centage of area occupied by the SYP-IR cells relative to the
total area of pancreas, the number of islets /1mm2, the islet

diameter (µm), the number of SYP-IR cells /islet, and the num-
ber of SYP-IR cells within pancreatic acini /1mm2. The intensity
of SYP staining (chromogens) in neural structures within the
abomasal wall and pancreas of camel were calculated in Im-
ageJ Fiji software using the method described by Crowe and
Yue (2019). 

Statistical analysis

Charts representing the distribution of SYP-IR cells within
the abomasal mucosa of camel were designed using Graph-
Pad Prism 7 (GraphPad Software, CA, USA). The differences
between the selected regions of the studied organs were de-
termined using one-way ANOVA followed by Tukey`s multiple
comparison test. P-values ≤0.05 were considered significant.

Results

Distribution of synaptophysin-immunoreactive (SYP-IR) cells
within the wall of the abomasum of the dromedary camel:

Synaptophysin intensely labeled the endocrine cells lo-
cated within different regions of the abomasal mucosa (Figs.
1a-1i). The SYP-IR cells appeared having different shapes and
displayed prominent cytoplasmic staining (Figs. 1b, 1c, 1e, 1f,
1h, 1i). In the cardiac gland region, the SYP-IR cells appeared
with low density (16.0±3.0 cells /1mm2) and were concen-
trated chiefly within the epithelial lining of the secretory acini
of the basal parts of the mucus secreting cardiac glands (Fig.
1a). These cells were mainly of closed-type and appeared oval-
or round-shaped (Figs. 1a, 1b, 1j). The open-type SYP-IR cells
of the cardiac gland region appeared flask-shaped with their
tapering ends showing less staining intensity and reaching the
lumen of the acini (Fig. 1c). No SYP-IR cells were detected
within the epithelium of the gastric pits (Fig. 1a).

Compared to those observed within the cardiac gland re-
gion, higher numbers of SYP-IR endocrine cells were observed
within the fundic (141.0± 23.0 cells/1mm2) and pyloric
(122.0±34.0 cells/1mm2) gland regions (Figs. 1d-1j). These
cells appeared of both closed- and open-types (Figs. 1e, 1f).
In the fundic gland region, the SYP-IR cells were mostly of
closed type, though numerous open-type cells with elongated
cytoplasmic processes were detected within the neck region
of these glands (Figs. 1d, 1f). The SYP-IR cells located within
the pyloric region displayed significant differences in their
shapes and appeared mainly of open-type (Figs. 1g-1i). The
latter type of cells were stellate- or spindle-shaped with their
cytoplasmic processes travelling between other cells lining the
acini to reach their lumens (Figs. 1h, 1i). 

SYP also labelled the neural structures located within dif-
ferent layers of the abomasal wall. A moderate SYP immunore-
action was observed within the nerve fibers located within the
lamina propria in between the secretory units of gastric glands
(Fig. 2a) as well as fibers of the submucosal nerve plexus (Fig.
2b). As well, SYP strongly stained cells and fibers of the myen-
teric ganglia located within the tunica muscularis of camel`s
abomasum (Figs. 2c, 2d).

Distribution of synaptophysin-immunoreactive (SYP-IR) cells
within the pancreas of the dromedary camel

In pancreas, SYP-IR cells were observed chiefly within the
pancreatic islets where it almost stained all islet cells, except
those of islet microvasculature (Figs. 3a-3f). The islet SYP
stained cells appeared with an intense cytoplasmic staining
surrounding non-stained nuclei (Figs. 3d-3f). Cells with rela-
tively darker SYP immunoreaction were noted to be present
at the peripheral parts of the islets (Figs. 3d-f). SYP-IR cells of 
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Fig. 1. Distribution of synaptophysin immunoreactive (SYP-IR) endocrine cells within different regions of the abomasal mucosa in dromedary camel. Representative photomi-
crographs of SYP-IR cells in the cardia (a-c), fundus (d-f), and pylorus (g-j) of camel`s abomasal mucosa. Figures 1b, 1e & 1f, and 1h are high magnifications of the areas marked
by rectangles in figures 1a, 1d, and 1g respectively. Note the presence of closed- (arrowheads) and open-types (arrows) endocrine cells in all regions. Quantitative comparison of
the distribution of SYP-IR cells within different regions of the abomasum in camel is shown in figure 1j. Significant differences are indicated by asterisks. ** = P < 0.01, **** =
P < 0.0001, ns = not significant. Cg, cardiac glands; Fg, fundic glands; Gp, gastric pits; Pg, pyloric glands. Scale bar = 100 µm.  

Fig. 2. Synaptophysin (SYP) immunoreactions within neural structures supplying the abomasal wall in dromedary camel. Representative photomicrographs of SYP immunoreaction
in the nerve fibers (Nf) and cells (Nc) located within the lamina propria in between the secertory units of gastric glands (a), the sumucosal nerve plexus (b), and the myenteric
ganglia (c, d). Figure 2d is a high magnifications of the area marked by square in figure 2c. Bv, blood vessel; Fg, fundic glands; Tm, tunica muscularis. Scale bar = 100 µm.
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different shapes were also found among the epithelial lining
of the secretory acini of the exocrine pancreas (Fig. 3g). 

SYP-IR cells of both closed- and open-types were detected
among the epithelial lining of different ordered pancreatic
ducts. These cells appeared with higher count in large pancre-
atic ducts (Figs. 3h, 3i). It is noteworthy that, small-sized SYP-
IR pancreatic islets were constantly seen in the immediate
vicinity of these intraductal SYP-IR cells (Figs. 3h, 3i).

The percentage of pancreatic area occupied by endocrine
cells, including those present within the exocrine pancreas and
ducts, was 2.6, the number of islets per every 1mm2 of pan-
creas was 4, the average islet diameter (µm) was 78, the num-
ber of SYP-IR cells per islet was 121, and the number of SYP-IR
cells located within pancreatic acini per each 1mm2 of pan-
creas was 4 (Table 1). No significant difference was observed
in any of these parameters between the body, left, and right
lobes of the pancreas.

Regarding SYP expression in the neural structures of the

pancreas, strong SYP immunoreaction was seen within the
fibers and cells of the interlobular ganglia (Figs. 4a, 4b). Mod-
erate SYP immunoreactions were also observed within the in-
trapancreatic periductal nerve fibers (Figs. 4c, 4d), perivascular
nerve fibers (Figs. 4e, 4f), as well as the nerve fibers supplying
the acini of the exocrine pancreas (Figs. 4f, 4g) and pancreatic
islets (Fig. 4h). 

Discussion

The present study reported for the first time the expres-
sion of synaptophysin, as a marker for neuroendocrine cells,
within the wall of the abomasum and different parts of the
pancreas in the dromedary camel. Synaptophysin revealed in-
tense cytoplasmic staining in all cells of pancreatic islets, ex-
cept those of islet blood vessels. These findings are consistent
with the observations of Redecker et al. (1991) in pancreatic
islets of rabbit, man, and dog. However, the results of the pres-

Fig. 3. Distribution of synaptophysin immunoreactive (SYP-IR) endocrine cells within different regions of the pancreas in dromedary camel. Representative photomicrographs
of SYP-IR cells in the body (a, d), right lobe (b, e), and left lobe (c, f) of camel`s pancreas. Note the uniformity of the distribution of pancreatic islets within different parts of the
pancreas (a-c). Cells with darker SYP immunostaining are occasionally seen at the peripheral parts of the islets in all regions of the pancreas (arrows in d-f).  SYP-IR cells are
also detected within the secretory acini of the exocrine pancreas (g, arrowheads) and the epithelial lining of pancreatic ducts (h, i; arrowheads in i). Small-sized SYP-IR pancreatic
islets are constantly seen in the immediate vicinity of pancreatic ducts close to the ductal regions containing these SYP-IR cells (arrows in i). Figures 3d, 3e, 3f, and 3i are high
magnifications of the areas marked by rectangles in figures 3a, 3b, 3c, and 3h respectively. Scale bar = 100 µm.

Body Right lobe Left lobe
Area (%) occupied by SYP-IR endocrine cells relative to the total area of pancreas 2.5 ± 0.8a 2.7 ± 0.9a 2.6 ± 0.7a

Number of SYP-IR islets / 1 mm2 4.0 ± 0.8a 4.0 ± 0.7a 4.0 ± 0.8a

Islet diameter (µm) 78.8 ± 26.7a 78.5 ± 18.1a 76.0 ± 17.8a

Number of SYP-IR endocrine cells / 1 islet 122 ± 16a 134.0 ± 25.0a 108.0 ± 17.0a

Number of SYP-IR endocrine cells within the acini of exocrine pancreas / 1 mm2 4.0 ± 0.7a 3.0 ± 0.9a 4.0 ± 0.5a

Table 1. Quantitative remarks on the distribution of synaptophysin immunoreactive (SYP-IR) endocrine cells within different parts of the pancreas of drom-
edary camel.

Superscript letters indicate significant differences between various regions of camel`s pancreas (P ≤ 0.05).
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ent study are in disagreement with the findings of Wieczorek
et al. (1998) in minipigs and non-human primates in which
pancreatic islets displayed very weak immunostaining with
synaptophysin antibody. Such discrepancy might be explained
on the basis of the low sensitivity of antibody used by the lat-
ter authors. Moreover, the present study noted that cells at
the periphery of the islets were having darker staining com-
pared to cells in the center of the islets. The peripheral location
of these darkly stained cells could suggest that these cells are
glucagon and polypeptide producing cells (Althnaian et al.,
2019). Thus, synaptophysin is possibly having a role in release
of the latter mentioned hormones and the variation in its
staining intensity among islet cells could be due to differences
in rates of its storage and release between different types of
islet cells. Similar enrichment of glucagon and polypeptide
producing cells with synaptophysin staining was reported in
pancreatic islets of mouse, rat, cow, and gerbil (Redecker et
al., 1991). 

In line with Merkwitz et al. (2013) in bovine pancreas, the
present study observed the presence of synaptophysin posi-
tive endocrine cells within the lining epithelium of pancreatic
ducts and the acini of the exocrine pancreas. The distribution
of the endocrine cells within the three basic components of
the pancreas, the pancreatic islets, ducts and secretory acini,
are confirming the previous assumption indicating that these
components are acting as a functionally integrated unit
(Bertelli and Bendayan, 2005). The presence of numerous
small-sized islets in the vicinity of pancreatic ducts at sites
containing intraductal synaptophysin expressing cells are re-

inforcing previous studies suggesting ductal epithelium as a
source for neogenesis of islets in adult mice, rat, and man
(Park and Bendayan, 1994; Van de Casteele et al., 2013; Dirice
et al., 2019). Despite the importance of these intraductal en-
docrine cells, these cells have not been reported by any of the
previous immunohistochemical studies involving endocrine
pancreas of camel (Hafez et al., 2015; Althnaian et al., 2019;
Bargooth et al., 2020). The identity and nature of hormones
produced by these intraductal synaptophysin expressing cells
in camel`s pancreas warrant further investigation.

The morphometric analysis of pancreatic islets in camel`s
pancreas included in the present study revealed that the mean
islet diameter was 78 µm, and the density of islets in pancreas
was 4 islets /mm2. These values are almost similar to those re-
ported in pancreas of normal human (78 µm and 4.4 islets
/mm2) subjects (Seiron et al., 2019), suggesting that both islet
diameter and density might be evolutionary conserved
among mammalian species. 

The present study revealed the presence of synaptophysin
immunolabelled cells within different regions of the abomasal
mucosa in camel. This finding is in line with that of (Wieden-
mann et al., 1988; Waldum et al., 2014) in human gastric mu-
cosa. Portela-Gomes et al. (1999) observed stronger
synaptophysin immunoreactivity within the human gastric
mucosa compared to different intestinal segments. Moreover,
the latter study noted colocalization of synaptophysin with
several hormones, including gastrin, serotonin, and somato-
statin, which might suggest a role of synaptophysin in trans-
port and release of these hormones. In line with its important

Fig. 4. Synaptophysin (SYP) immunoreactions within neural structures supplying the pancreas in dromedary camel. Representative photomicrographs of SYP immunoreaction
in the nerve cells (Nc) and fibers (Nf) located within the interlobular pancreatic ganglia (a, b), the wall of pancreatic ducts (Du- c, d), the wall of pancreatic blood vessels (Bv- e,
f) and the acini of the exocrine pancreas (Ac- e, g). Representative photomicrograph of SYP immunoreaction in the nerve fibers (arrowhead) supplying pancreatic islet (i) is
shown in h. Figures 4b and 4f & 4g are high magnifications of the areas marked by rectangles in figures 4a and 4e respectively.  Scale bar = 100 µm.
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role in functioning of gastric endocrine cells, synaptophysin
positive endocrine cells were detected in the abomasum of
developing goat by the 64th day of prenatal life (García et al.,
2012). Numerous synaptophysin positive cells of open-type
were observed within the lining epithelium of cardiac, fundic,
and pyloric gland zones of the abomasum by the present
study. The frequency of these cells were highest in the pyloric
region. Unlike the closed-type endocrine cells, which are reg-
ulated mainly via neurohormonal signals, these open-type
cells reach the lumen of the acini of the gastric glands and are
more likely to be regulated directly by gastric contents (Solcia
et al., 2000). 

Synaptophysin immunopositive reactions were observed
within the nerve fibers and cells located in the wall of the abo-
masum and in the pancreas of camel by the present work.
Similar observations were reported in compound stomach of
goat (García et al., 2012, 2014), stomach of rat (Asar et al.,
2004), and gastro-pancreatic system of turtle (Trandaburu and
Trandaburu, 2009). Such expression of synaptophysin in neural
structures of these organs is in line with its role in conduction
of nerve impulses (Valtorta et al., 2004).

Further studies are possibly needed to further characterize
the identity of these cells in camel. Immunohistochemical
techniques that allow for multiple labelling of these cells or
their co-staining in serial sections will help for their further
characterization. Hormones reported to be produced by pan-
creatic endocrine cells in other vertebrates include gastrin
(Portela-Gomes et al., 1999), obestatin (Zhao et al., 2008), nu-
cleobindin-2/nesfatin-1 and ghrelin (Stengel et al., 2013;
Mohan et al., 2016). Glucagon, somatostatin, cholecystokinin-
8, serotonin, secretin and histamine are hormones that have
been shown to be secreted by gastric endocrine cells of other
animals (Adnyane et al., 2011; Pyarokhil et al., 2017; Türk et al.,
2019). 

Conclusion

Synaptophysin-immunoreactive cells are present within
the pancreatic islets, acini and ducts. These cells are also found
throughout different regions of the abomasal mucosa, being
highest within the fundic and pyloric regions. Overall, the re-
sults of the present study improve knowledge related to the
distribution of gastropancreatic endocrine cells in camel and
could form a basis for differentiation of diseases affecting
them.
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