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ABSTRACT

Scanning electron microscopy of the mucosa of the large intestine of the camel (Camelus dromedarius) showed
that the caecal mucosa was made of numerous and irregular folds. These mucosal folds appeared in the colon as
regular features which had shallow irregular grooves on their surface. But in the rectum, these were irregular in
shape. The surfaces of the mucosal folds were covered with a layer of epithelial cells and numerous goblet cells.
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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). The scanning electron
microscopy has successfully been employed by
several workers (Demling et al, 1969; Taylor and
Anderson, 1972) for the assessment of fine surface
features of intestinal mucosa.

Geissinger and Abandowitz (1977) have claimed
that the caecum of mice showed short stubby villi by
the scanning electron microscope; which is a peculiar
feature of the large intestine. Nevertheless, Yu and
Chiou (1997) were also convinced that the mucosa
of the caecum and colon of the rabbit at various ages
showed overlapping folds of villi, with an intact layer
of epithelial cells and goblet cells covering the mucosa.

The mucous layer of the colon has several
important functions including lubrication of contents
of the colon, water proofing of mucosal epithelium
and protection of the mucosa against noxious agents
(Forstner, 1978). The normal mucous layer of the
colon of the rat appeared homogenously dense under
the scanning electron microscope and it provided a
complete cover for the mucosal epithelium (Traynor
et al, 1983).

Paulsen et al (1994) who examined the surface
of the mucosa of the colon of the rat with scanning
electron microscope, observed the presence of foci
with one to several aberrant crypts. These were seen
as structures elevated from the background mucosa.

The shape of the luminal openings of the aberrant
crypts varied from elongated or tortuous to circular.
However, they found no ultrastructural variations
between the different foci of the aberrant crypts
or between the foci of the aberrant crypts and the
background mucosa.

In the large intestine of the horse, the scanning
electron microscopy of the right ventral and dorsal
colon revealed more prominent openings of crypts
than in the caecum. The small colon contained the
most prominent openings of crypts with the least
variation among horses (Bertone et al, 1989).

The objective of this study is to unveil the
scanning ultrastructural features of the mucosa of the
large intestine of the dromedary.

Materials and Methods

Samples were obtained from healthy
adult she-camels (age 5-11 years) from Albogaa
slaughterhouse, Omdurman, Sudan. For scanning
electron microscopic study, samples about 4cm
long from the segments of the different parts of the
large 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). 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 CO,. Dried tissue specimens were placed on an
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Fig 2. Scanning electron microscopy of the term showing
numerous displaying epithelial (E) and goblet cells (G)
(X1500).
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Fig 3. Scanning electron microscopy of the colon showing
regular mucosal folds (Mf) separated by deep longitudinal
grooves at the luminal surface. These are shallow
irregular grooves (Er) on the surface of the field (X100).

aluminum stub with silver paint, sputter-coated with
gold, viewed and photographed in JEOL 840 scanning
electron microscope (Robinson and Gray, 1990).

Results
Scanning electron microscopy showed that the
luminal surface of the three segments of the large
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Fig 4. Scanning electron microscopy of the colon. The surface
mucosal folds showed epithelial (E) and goblet (G) cells
together with the opening (white arrow) of gland of
Lieberkiihn (X450).

Fig 5. Scanning electron microscopy of the rectum showed
irregular mucosal folds (Mf) and the openings (white
arrow) of gland of Lieberkiihn (X400).
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Fig 6. Scanning electron microscopy of the rectum showed the
epithelial cells (E) with gobbler cells (G) and the openings
(white arrow) of gland of Lieberkiihn (X1500).

intestine (caecum, colon and rectum) was thrown
into mucosal folds. The mucosa of the caecum was
made of numerous and irregular folds (Fig 1). The
folds were covered by a layer of epithelial cells and a
number of goblet cells (Fig 2).

The folds at the mucosal surface of the three
parts of the colon (ascending, spiral, and descending
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colon) were present as a constant feature. These
folds displayed shallow irregular grooves on their
surface (Fig 3). At higher magnifications they showed
more prominent crypts openings of the glands of
Lieberkithn and also displayed epithelial cells and
goblet cells (Fig 4).

The mucosal folds of the rectum were irregular
in shape and contained diffuse crypt openings (Fig
5). These folds also showed epithelial cells and great
numbers of goblet cells (Fig 6).

Discussion

The present study of the mucosal surface of the
large intestine by the scanning electron microscope
appeared to be the first one on this species of animal,
the one-humped camel. It showed that the caecal
mucosa has numerous folds present in the shape
of irregular features whereas in the colon, these
were present in regular forms displaying shallow
irregular grooves on their surfaces. In the rectum, the
mucosa has irregular mucosal folds. The surface of the
mucosal folds of all parts of the large intestine showed
great numbers of epithelial and goblet cells.

The present results of the scanning electron
microscope differed from similar studies carried
out in experimental animals, mice (Geissinger and
Abandowitz, 1977) and rabbit (Yu and Chiou, 1997).
In the mice short stubby villi in the mucosa of the
caecum were reported whereas overlapping folds of
villi, with an intact layer of epithelial cells and goblet
cells covering the mucosa were present in the caecum
and colon of the rabbit. Contrary to the findings of Yu
and Chion (1997), Sabatakou ef al (1999) have showed
that the villi that appeared in the caecum and colon of
the rabbit during prenatal life until one day old have
actually disappeared afterwards and were replaced by
ridges. This appears to be in line with the findings of
Ono (1980) who also reported that at birth, numerous
villi were present on the caecal mucosa of the rabbit
but they become decreased progressively till day 9
then disappeared completely after day 10. However,
Ferrer et al (1991) and Sabatakou et al (2003) stated
that the proximal part of the caeca of the chicken
showed villi similar to those of the small intestine.

Acknowledgement

Sincere thanks to the Department of Anatomy
and Physiology, Faculty of Veterinary Science,
University of Pretoria specially Professor Herman
Groenewald, the head of the department who assessed
me in the ultrastructural study, and I am deeply
indebted to the Faculty of Veterinary Medicine, Sudan

Journal of Camel Practice and Research

University of Science and Technology for their great
help in financial part to complete this study.

References
Bertone AL, Cockerell GL, Lee RE and Stashak TS (1989).
Correlative morphometry and morphology of normal
equine intestinal mucosa and comparison after
adaptation to extensive large colon resection. Equine
Veterinary Journal Supp. 7:46-51.

Demling L, Becker V and Classen M (1969). Examinations of
the mucosa of the small intestine with the scanning
electron microscope. Digestion 2:51-60.

Ferrer R, Planas JM, Durfort M and Moreto M (1991).
Morphological study of the caecal epithelium of the
chicken (Gallus gallus domesticus L.). British Poultry
Science 32(4):679-691.

Forstner JF (1978). Intestinal mucins in health and disease.
Digestion 17:234-263.

Geissinger HD and Abandowitz HM (1977). Scanning electron
and light microscopy of the caecum of Germ-free and
Conventional mice. Transactions of the American
Microscopical Society 96(2):254-257.

Ono K (1980). Changes of the caecal villi during postnatal
development in rats. Cell and Tissue Research
208(2):253-259.

Pabst R (1987). The anatomical basis for the immune function
of the gut. Anatomy and Embryology 176(2):135-144.

Paulsen JE, Steffensen IL, Namork E. and Alexander J (1994).
Scanning electron microscopy of aberrant crypt foci in
rat colon. Carcinogenesis 15(10):2371-2373.

Robinson G and Gray T (1990). Electron microscopy. In:
Theory and Practice of Histological Techniques (Ed.
Bancroft, J.D. and Stevens, A.) Edinburgh: Churchil
Livingstone. pp 525-562.

Sabatakou O, Paraskevakou E, Tseleni-Balafouta S,
Athanasiadis A and Fasseas C (2003). Scanning electron
microscopic observations of the development of the
chicken caecum. Journal of Submicroscopic Cytology
and Pathology 35(4):423-429.

Sabatakou O, Xylouri-Frangiadaki E, Paraskevakou E and
Papantonakis K (1999). Scanning electron microscopy
of large intestine (caecum and colon) of rabbit during
foetal and post-natal life. Journal of Submicroscopic
Cytology and Pathology 31(2):231-236.

Taylor AB and Anderson JH (1972). Scanning electron
microscope observations of mammalian intestinal villi,
intervillus floor and crypt tubules. Micron 3:430-453.

Traynor OJ, Costa NL and Wood CB (1986). A scanning
electron microscopy study of changes in rat colonic
mucosa during carcinogenesis. Journal of Surgical
Research 41:529-537.

Traynor OJ, Costa NL and Wood CB (1983). A scanning
electron microscopy study of changes in the colonic
mucous layer during chemical carcinogenesis. Cancer
51(10):1847-1853.

Yu B and Chiou PWS (1997). The morphological changes

of intestinal mucosa in growing rabbits. Laboratory
Animals 31:254-263.

December 2013 / 189



