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ABSTRACT
Morphology of the goblet cells in the intestine of the dromedary (Camelus dromedarius) was carried
out by light and electron microscopes. Histologically, the goblet cells appeared as globular or ovoid-
shaped with basally located flat nuclei. They were dispersed among the columnar cells lining the
epithelia of the villi and crypts of Lieberkuhn, and they increased greatly in number towards the
rectum. Goblet cells showed positive reaction to (PAS) stain. Ultrastructurally, the scanning electron
microscopy showed villi with rough surface which displayed goblet cells and microvilli in the small
intestine. In the large intestine, the surface of the mucosal fold was characteristically covered by
goblet cells and epithelial cells. The ultrastructure of the goblet cells showed the cell membrane
lacked microvilli and the cytoplasm contained numerous large spherical granules of mucin, rough
endoplasmic reticulum and mitochondria. The nucleus containing eccentric nucleolus, chromatin and

heterochromatin materials.
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INTRODUCTION
The Camel (Camelus dromedarius), is one of accumulation as large globules, and the

the basic forms of productive mammals in the
countries of North Africa and Near East (Yagil
et al., 1994). It well adapted to life in the
desert because of their unique metabolic
pathways which enable the animals to survive
without food and water for a few days
(Robert, 2006; Ouajd and Kamel, 2009). The
functions of the intestines are to facilitate
easy absorption of nutritive materials, and to
act as a barrier against bacteria, viruses,
toxins, and different antigens (Pabst, 1987).
Goblet cells reside throughout the length of
the small and large intestines (Deplancke and
Gaskin, 2001; Kim and Khan, 2013).

The presence of the goblet cells in the
intestine of the camel was reported in a
number of studies (Abdel-Magied et al., 1994;
Al-Hussany et al., 2014; Korkmaz and Kum,
2016). Abdel-Magied et al. (1994) stated that,
in the small intestine, the cells are unicellular
exocrine mucous cells, dispersed among the
columnar cells of villi and Lieberkuhn crypts
epithelium, the apical portion of it becomes
distended due to mucigen droplets

nucleus is irregularly oval or triangular at the
base. Moreover, Al-Hussany et al. (2014)
described the location of goblet cells nuclei in
the large intestine, they were located at the
base of the secretory tubules due to the large
amount of mucus within the cells.

The scanning electron microscope of the
goblet cells in the small intestine of mammals
was mention by Taylor & Anderson (1972).
They reported that the mucosa projects into
the lumen to form villi consisting mainly of
columnar epithelial cells among which few
goblet cells are interspersed. The general
feature of the goblet cells in the large
intestine was described by Mohamed et al.
(2013) in the camel, and Yu and Chiou (1997)
in the rabbit.

The ultrastructure of the goblet cells was
described in several mammalian species
including mouse, rat, human and camel
(Shearman and Muir, 1960; Florey, 1960;
Wischnitzer, 1960; Hayward and Johnston,
1961; Hollmann, 1963; Pitman and Pittman,
1966; Abdel-Mageid et al., 1994.

The objective of this study is to unveil the
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histological and ultrastructural features of the

goblet cells in the intestine of the dromedary.

MATERIAL and METHODS

Samples were obtained from healthy adult
she-camels (age 5-11 years) from Albogaa
slaughterhouse, Omdurman, Sudan. Tissue
samples from small and large intestinal
segments were fixed in 10% neutral buffered
formalin. The tissues were processed
routinely as described by Bancroft & Stevens
(1990) and embedded in paraffin wax.
Sections of about 7 pm thick were cut by a
rotary microtome. Then, Haematoxylin and
Eosin stain (H&E) was used for the general
histology and Periodic Acid Schiff stain (PAS)
for polysaccharides.

For scanning electron microscopy, samples
about 4cm long from the different segments
of the intestine were collected immediately
after the animals were slaughtered. The
samples were longitudinally opened, washed
with normal saline. Small specimens were
fixed in freshly prepared 2.5% glutaraldehyde
in Millonig’s phosphate buffer (pH 7.4). From
each specimen, small pieces of tissue of about

1 cm X 1 cm were gradually dehydrated by
increasing ethanol alcohol concentrations and
by critical point drying with liquid CO2. Dried
tissue specimens were placed on an
aluminum stub with silver paint, sputter-
coated with gold, viewed and photographed
in JEOL 840 scanning electron microscope
(Robinson and Gray, 1990).

For transmission electron microscopy, smaller
tissue pieces (0.3 cm X 0.3 cm) from those
fixed in 2.5% glutaraldehyde in Millonig’s
phosphate buffer (pH 7.4) were post-fixed in
1% osmium tetroxide for 1 hour, washed in
Millonig’s buffer, dehydrated in graded
ethanol and propylene oxide series and
embedded in Epon. Ultrathin sections of 50-
90 nm were cut with a diamond knife,
mounted on uncoated grids and stained first
with uranyl acetate and then with lead citrate
(Robinson and Gray, 1990). The examination
was carried out in Philips XL transmission
electron microscope.

RESULTS

Histologically, the mucosa of the intestine was
made of three layers; the epithelium, the
lamina propria, and the muscularis mucosa.
The epithelium was made of two types of
cells; the epithelial cells (enterocytes) and the
goblet cells. The goblet cells, scattered
between columnar cells that lined the
epithelium (Fig. 1) and crypts of Lieberkiihn
(Fig. 2), were globular to ovoid shaped with
flat basally located nuclei. Their cytoplasm
was filled with PAS +ve mucin granules (Fig.
3). They appeared to increase in the caudal
part of the intestine.

Scanning electron microscopy of the mucosa
of the segments of the small intestine showed
that the surface of the villi contained the
goblet cells which were dispersed between
enterocytes (Figs. 4, 5). The cell membrane
of the goblet cell was lacking the microvilli

(Fig. 5).
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In the large intestine, the mucosal folds of the
caecum and colon were covered by a layer of
epithelial cells and a number of goblet cells
(Fig. 6). A great number of goblet cells
between the epithelial cells were shown in the
mucosal folds of the rectum (Fig. 7).

The ultrastructure of the goblet cell in the
small and large intestines showed that, the
cell membrane of the goblet cells lacked
microvilli and their supra-nuclear cytoplasm
displayed numerous large spherical granules
of mucin with dark and light colors (Figs. 8,
9). The mean diameter of these granules in
each of the three segments of the small
intestine was 1.6+ 0.02 um, 0.55+ 0.06 um,
and 1.53+ 0.15 um in the duodenum,
jejunum and ileum respectively and in the
segments of the large intestine was 1.17%
0.07 um in the cecum, 0.94% 0.07 um in the
colon and 0.99+ 0.07 um in the rectum. The
rough endoplasmic reticulum and
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mitochondria were observed peripheral to the materials (Figs. 8, 9). While the number of
nucleus (Figs. 8, 9). The nucleus of the goblet the goblet cells increased dramatically
cell was irregular in shape but mostly oval. towards the caudal part of the large intestine,
Iwas situated basally and showed eccentric conspicuously enterocytes decreased in the
nucleolus, chromatin and heterochromatin. rectum (Fig. 10).
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Fig. 1: Light micrograph of the jejunum showing the goblet cells (G), scattered between columnar cells (E) that lined the
epithelium. The nuclei (N) of the goblet cells are flat and basally situated. H & E stain. Image bar= 20pm. Fig. 2: Light
micrograph of the ileum showing the goblet cells (G) and epithelial cells (E) of the gland of Lieberkiihn (GL) in the lamina
propria. H & E stain. Image bar= 20 pm. Fig. 3: Light micrograph of the ileum showing the goblet cells (G) contained
+ve PAS mucin granules in their cytoplasm. They were scattered between the enterocytes (E). PAS stain. Image bar=
100um. Fig. 4: Scanning electron micrograph of the villus in the jejunum with high magnification showing the surface of
the villus shows goblet cells (G). X1000. Fig. 5: Scanning electron micrograph of a villus in the ileum with high
magnification showing the goblet cells (G) and the microvilli (Mv) of the enterocyte at the surface of the villus. X12000.
Fig. 6: Scanning electron micrograph of the cecum showing the mucosa displaying epithelial (E) and goblet cells (G).
X1500. Fig. 7: Scanning electron micrograph of the rectum showing the epithelial cells (E) with goblet cells (G). X1500.
Fig. 8: Transmission electron micrograph of the cecal mucosa showing the goblet cell (G) is present between enterocytes
(E). Mv, microvilli. Image bar= 10 pym. Fig. 9: Transmission electron micrograph of the intestinal gland in the jejunum
showing a goblet cell (G) with basally situated flat nucleus (N). Rough endoplasmic reticulum (rER) is present lateral to
the nucleus in the goblet cell. The granules of the goblet cell (arrow) are dense and located in the supra-nuclear
cytoplasm of the cell. Image bar= 5 ym. Fig. 10: Transmission electron micrograph of intestinal gland in the rectum
showing that the great majority of cells of the intestinal glands are goblet cells (G). Only very few enterocytes (E) are
present. The nuclei (N) in both cells are located basally. Image bar= 10 pm.
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DISCUSSION

Histological findings of intestinal mucosa in
the present study show that the epithelial
layer was made of: a- the absorptive ciliated
tall columnar cells (enterocytes), b- the goblet
cells were scattered between columnar cells.
Their nuclei were flat and were basally
located and they appeared to increase in
number caudally. These observations agreed
with that reported by Dellmann and Brown
(1976), Banks (1993), Dellmann and Eurell
(1998) and Samuelson (2007) in ruminants,
Specian and Oliver (1991) in human, and
Abdel-Magied et al. (1994), Al-Hussany et al.
(2014) in camel. The increasing of the goblet
cells number in this study was in line with the
main function of the cells. Its known that the
function of the goblet cells is production and
maintenance of the protective mucus blanket
which facilitate the passage of waste matter
in the intestine by lubricating the contents
(Forstner, 1978; Specian and Oliver, 1991;
Kim and Khan, 2013).

In the present study, the scanning electron
microscope has been used to examine the
mucosal surface of the intestine of the camel.
The luminal surface of the small intestine was
thrown into transverse folds which were
characterized by numerous Vvilli of different
shapes and sizes. The surface of the villi
contained the goblet cells which were
dispersed between enterocytes. While the
mucosal folds of the large intestine showed
great number of goblet and epithelial cells.
This presence of the goblet cells was
confirmed by Taylor and Anderson (1972).

In the present study, the electron microscope
has revealed the ultrastructure of the goblet
cells, the cytoplasm showed numerous and
large supra-nuclear spherical granules of
mucin, few rough endoplasmic reticulum and
mitochondria. The diameter of the mucin
granules in ranged from 0.55+ 0.06 pm to
1.17% 0.07 pm. These values showed that the
size of the granules of the goblet cells in the
three segments of the small intestine did
follow a certain pattern. They were larger in
the duodenum, small in the jejunum and
medium size in the ileum. The size of the
cytoplasmic granules of the goblet cells in the
cecum, colon and rectum followed the same
pattern as that of the small intestine, being
large in the cecum, small in the colon and
medium in the rectum.

The nucleus of the goblet cell was oval in
shape, displayed nuclear material, and was
located basally. Also, the electron microscope
showed the numbers of the goblet cells
increased towards the caudal part of the
intestine in both the epithelial layer and the
intestinal glands.

This ultrastructure of the goblet cells was
similar to that described in the mouse, rat,
human and camel (Shearman and Muir, 1960;
Florey, 1960; Wischnitzer, 1960; Hayward and
Johnston, 1961; Hollmann, 1963; Pitman and
Pittman, 1966; Abdel-Mageid et al., 1994).
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