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Abstract

The Present study includes comparison between the anatomical,
histological and histochemical features of digestive canal in three
vertebrates that differ in their environment, classification and nutrition
nature which are the Salamander Neurergus crocatus crocatus, Pin-tailed
sandgrouse Pterocles alchata and the long —eared hedgehog Hemiechinus
auritus to know the effect of the food on the anatomical, histological and
histochemical features of the digestive canal of these species.

The structures of the digestive canal in the three species have the
same essential design where the digestive canal starts by the oral cavity
which differ in the external shape. The oral cavity in the salamander is
spherical and isn’t surrounded by skeletal structure and it is elongated in
the sandgrouse and surrounding by black conical beak whereas it was
conical and isn’t surrounded by skeletal structure in hedgehog.

The roof of mouth is smooth in salamander and has clefts and
grooves in the sandgrouse and hedgehog. The tongue is located in the
lining of the mouth and differs in the shape, color and length among the
three species.

The esophagus is long tube connecting between the mouth and the
stomach in the three species and it has longitudinal folds, in the
sandgrouse, it modified in its middle to storage chamber known as crop.

The stomach is as pouch in shape in the salamander and hedgehog
whereas it divided into two special and clear portions proventriculus and
gizzard in the sandgrouse, separated by the isthmus. The small intestine
was tubular and constituted most of the digestive canal and it formed rolls
that differ in its lengths among the three species. The small intestine
composed from one part in the salamander whereas in the sandgrouse and
hedgehog composed of duodenum, jejunum and ileum. Also, the small
intestine in the three species was lined by villi. The large intestine also was
tubular and differs in shape and length among the three species, and

consisted from rectum in the sandgrouse and salamander and from rectum
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and colon in the hedgehog. This part is lined by longitudinal folds that
increase the surface arca. The large intestine in the sandgrouse
characterized by presence of pair of large and distinctive ceca in the small
and large intestine junction. The digestive canal in the salamander and
sandgrouse ended by cloaca which is a common opening of the digestive,
urinary and reproductive systems, while it ended in the hedgehog by the
anus.

Histologically, the digestive tract of the three animals is composed of
four basic layers called mucosa, submucosa, muscularis externa and
adventitia or serosa. These layers are differed in the components and
thickness among the three species and in the different regions of the
digestive canal of the same species. The roof of mouth consisted from
mucosa covered by stratified squamous epithelium, lamina properia and
muscular layer, these layers differed in the components and thickness
among the three species. The mucosa of the salamander contained goblet
cells which absent in the other two species, also the lamina properia of the
salamander contained salivary glands which spread heavily in the backward
of the mouth roof, these glands had secretory units that differed in their
shapes, while these glands appeared as of less density in the sandgrouse
and hedgehog also, the mouth roof in the salamander and sandgrouse
contained hyaline cartilage which represent the support skeleton while it is
replaced by bone in the hedgehog. The tongue has the same essential
design with presence of differences in its structure among the species and
in the different parts of the tongue in the same species. The tongue in the
salamander and hedgehog characterized by presence of lingual salivary
glands in the root of tongue only, while it aggregated in the apex and root
of the tongue of sandgrouse. The lingual papillae are noticed in the surface
of the tongue in the three species but the filiform papillae is the
predominant type, while the cuboidal papillae appeared in the salamander

and fungiform papillae appeared in the hedgehog. The test buds are appear



in the three species but were more they spread in the hedgehog than in the
sandgrouse.

The esophagus in the three species consisted from four layers that
composed the wall of the digestive tract, these layers differed in the their
components density and the number, length and thickness of the
longitudinal folds which formed by the mucous layer as well as the
presence of the esophageal glands and their density in the different regions
of the same species. From the important results that noticed in the
salamander is absence of the esophageal glands from the front esophagus
but these glands are heavily spread in rest of the esophagus and in the all
parts of the esophagus of the other species. Also, from the important results
that noticed in the esophagus of the salamander and hedgehog is presence
of esophageal tonsils which are absent in the sandgrouse.

The mucous layer of the stomach in the three species consisted from
mucous ridges which differed in regions of the stomach in the same
species. The mucous layer of the gizzard in the sandgrouse characterized
by presence of the koilin which it covered it from outside. The lamina
propria of the stomach in the three species contained superficial gastric
glands that differed in cells that form these glands among the three species.
The submucous layer in the sandgrouse characterized by presence of deep
gastric glands which absent in the gizzard and in the other two species.
These glands were large vesicular-tubular glands and it composed most of
the proventriculus wall and it had oval or conical shape that divided to
secretory units which connected to each other by special canalization
system. The muscularis externa consisted from two secondary layers of
smooth muscles, the first is circular and the second is longitudinal, these
two layers differed in the thickness among the three species and also in the
different regions of the stomach of the same species, but this layer is very
special in the gizzard of the salamander and it was characterized the

gizzard (also called ventriculus) which helped in the mechanical digestion.



The small intestine in the three species also composed from four
layers of the digestive tract wall, these layer are differ in their compounds
and the density of and arrangement of these compounds in the different
regions of the small intestine of the same animal and also among the three
species. The mucous layer in the three species characterized by formed
fingerlike structures called villi, these villi differ in their shape, length,
number, thickness and their compounds in the different regions of small
intestine of the same species and among the three species.

The duodenum villi in the salamander characterized by their different
shape, length and thickness, whereas they are conical in sandgrouse and
foliate form in the hedgehog. The villi in the three species covered by
simple columnar epithelial penetrated by goblet cells that differ in their
number among the three species but its supernumerary in hedgehog. The
lamina propria in the salamander duodenum is free from intestinal glands
which also called Lieberkuhkn's crypts and these glands appeared
distinctively in the other two species. The muscularis externa of the
duodenum was similar in the three animals and composed from two layers,
the first was circular while the second is longitudinal, these secondary
layers differ in their thickness among the three species. This layer also
contained nerve plexiform and blood and lymphatic vessels.

The villi of the rest of small intestine (jejunum and ileum) differed in
their shape than in duodenum. In the salamander are fingerlike villi, in
sandgrouse as well as to conical type. There are lobular and forked, while,
in hedgehog, the villi were look like their shape in the duodenum. Also, the
intestinal glands don’t appear in this part of small intestine of salamander,
whereas, they are little in this sandgrouse and they are numerously in
hedgehog but not more than in duodenum. From the important and special
results that appear in the ileum of sandgrouse is presence of lymphatic
nodules in and under the villi and constitute most of the ileum wall. Also

appeared in the sandgrouse jejunum but they are smaller and less spread



than ileum. These lymphatic nodules also appeared in colon as a large
aggregation that constituted the most of the colon wall.

In the rectum, the mucous layer appeared as longitudinal fold that
different shapes among the three species, these folds are club in shape in
salamander, conical, and budding as tree in shape in hedgehog and it look
like villi in sandgrouse. The rectal glands are absent in salamander, simple
tubular in sandgrouse and forked in hedgehog. The rectum in sandgrouse
characterized by presence of numerous of lymphatic nodules.

The cecum, which appear in sandgrouse and absent in the other two
species, is intestinal type and had villi and intestinal gland like that
appeared in small intestine.

The cloaca wall in the salamander and sandgrouse have longitudinal
folds while its structure in hedgehog similar to mouth roof structure and its
mucous folds relatively shallow comparably with the other two species, the
epithelial tissue that covered these folds is simple columnar penetrated by
numerous goblet cells in salamander and sandgrouse while it is stratified
squamous in hedgehog characterized by presence of anal glands. The
lamina propria compounds in the three species surrounded by the
muscularis externa which differ in its thickness among the three species by
its specialized in hedgehog into three secondary layers the first and the
third are circular while the middle is longitudinal. Also, the lamina propria
of sandgrouse characterized by presence of lymphoid nodules different
between the lamina propria compounds.

Histochemical techniques showed that the neutral and sulfuric mucus
substances were diffuse densely in most of digestive tract regions with
different densities among the three species. The mouth roof compounds
showed positive reaction with PAS, AB pH1 and AB pH2.5 stains, the
reaction severity was stronger in salamander than other two species, while,
the tongue is moderate to weak to these stains in salamander and very
strong reaction in sandgrouse and light reaction in the apex of hedgehog

tongue and negative in the root of tongue.
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The esophagus compounds in salamander showed moderate positive
with PAS and strong with AB and very strong in esophageal glands, while
it very strong reaction in esophagus and crop in sandgrouse with all
histochemical stain and moderated in hedgehog. The stomach showed
moderate positive reaction in salamander with PAS and AB types and
strong positive in proventriculus and negative in gizzard of sandgrouse,
while the stomach in hedgehog show very strong positive reaction. The
duodenum and ileum in salamander show moderate positive with
histochemical stains, while it is very strong reaction in duodenum of
sandgrouse and moderate in jejunum and ileum, whereas, the duodenum of
hedgehog show moderate positive stain and it is very strong in jejunum and
ileum. Also, the reaction of salamander and sandgrouse show moderate
positive with PAS and AB types, while the reaction is very strong in colon
and rectum of hedgehog. The mucosa of cecum in sandgrouse show strong
positive reaction with histochemical stains which indicate to secretion
activity and moderated in intestinal glands. The anus of salamander show
strong positive reaction for the goblet cells, while, the anus of sandgrouse
doesn’t show any reaction with histochemical stains, the anus of hedgehog
show strong reaction with stains which indicated to its high metabolic
activity.

The present study conclude that the structure of digestive canal in the
three species which have anatomical and histological modulation conforms
with the nature of these animals and the environment where they live, they
help to benefit from quality and quantity of food intake during their daily
life.
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