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Abstract

In the present study, the histo-morphometric comparison study of small intestine in hamsters and rabbit
was aimed. Ten of clinically healthy animals of both sexes were collected by Al-Simawa city, age ranged
between 6 month to 1 year, which was estimated according to the dental equation of the animals. The small
intestine was cut and stained alternatively with Hematoxylin and Eosin (H & E) and (Lilles Alchrome stain).

The current study aims to discover the structures and measurement of small intestine belonging to these
animals specifically their histo-morphometric textures. The anatomical studies revealed that small intestine
of both animals consists of: duodenum, jejunum and ileum. Histological exam was showed that the wall of
small intestine composed of four layers including: mucosa, submucosa, muscularis and serosa and adventitia.
The epithelia of villi small intestine were simple columnar cells for each animal.
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Introduction

The small intestine was observed to be divided
into  (duodenum, jejunum and ileum). The duodenum
was long and started at the pylorus region close to the
stomach. The jejunum appeared to be convoluted or
coiled, very long and occupied the abdominal floor
between the stomach urinary bladder. The ileum was
short and followed the jejunum and marked the end of
the small intestine. The distal end of the ileum had a thick
walled enlargement, Sacculus rotundus which mark the
junction between the ileum, cecum and colon (-,

The major functions of the small intestine are
The small
intestinal mucosa has several anatomic adaptations that

digestion, secretion, and absorption.
serve to create an immense surface area with which to
digest and absorb nutrients. These include the plicae
circulares (intestinal folds), villi, and microvilli. The
small intestinal mucosa is characterized by numerous,
regularly distributed luminal papillary projections
called villi. Villi are lined by columnar epithelial cells,

enterocytes. Enterocytes have apical microvilli (brush
border)®.

The chyme passes into the small intestine from the
stomach. Flow into the small intestine is regulated by
the pyloric sphincter. The small intestine is the place
where the majority of digestion and absorption of
nutrients occurs. The small intestine can be divided into
three sections — duodenum, jejunum, and ileum®.

The duodenum is the first section and is the site of
most digestion. Buffers are secreted from the pancreas
into the small intestine to increase the pH to a more
neutral level, as the stomach acids would make the
digested food have a low pH level. In addition, a variety
of enzymes are secreted by and into the small intestine
to break down the food. These include proteolytic,
lipolytic (fat digesting), and amylolytic (starch digesting)
enzymes.-9 .

The jejunum is the middle section of the small

intestine. Many nutrients, such as amino acids, fatty
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acids, and glucose, are absorbed here. The last section
of the small intestine is the ileum. In the ileum, the
remaining digested nutrients are absorbed, as well as the

B vitamins (..

The ileum is mainly to absorb vitamin B, and
bile salts and whatever products of digestion were not
absorbed by the jejunum. The wall itself is made up of
folds, each of which has many tiny finger-like projections
known as villi on its surface. In turn, the epithelial cells
that line these villi possess even larger numbers of
microvilli. Therefore, the ileum has an extremely large
surface area both for the adsorption (attachment) of
enzyme molecules and for the absorption of products of
digestion®,

Materials and Methods

Animal source

A total of ten mature animals of both sexes (5
hamsters and 5 rabbits) were used for this study. They
were purchased from local market of Al-Samawaa
city, Al Muthanaa government, Iraq. The animals
were transported using laboratory hamsters cages
to the department of veterinary anatomy laboratory,

University Al-Muthanaa, Iraq.

The animals were acclimatized for three days prior
to the research and had free access to elephant grass,
commercial feed supplement and water. The animals
were observed to be in good nutritional status on physical
examination before euthanasia. They were all sedated
using gaseous chloroform in a confined container and
later sacrificed.

Gross anatomy

For each animal, an incision was made on the ventral
midline immediately after sacrifice and the abdominal
cavity was exposed. The small intestines were dissected
from the mesenteric and spread in a straight line. The
gross anatomical structures of the entire intestine were
observed.

Photomacrographs were taken using a digital camera.
Tissues samples were collected from the segments of the
small intestine (Duodenum, Jejunum and Ileum) and
fixed 10 % in buffered formalin for histology.

Histology

The fixed tissues (duodenum, jejunum and ileum)
were cut into blocks and identified. They were then
dehydrated through a series of graded alcohols (70%,
80%, 90%, 95% and 100%). The blocks were cleared
in xylene and then infiltrated with molten paraffin wax.
Sections (6 um) microns thick were cut from embedded
tissue using (Jung Rotary Microtome (model 42339) ).

The tissues were then mounted on grease free
clean glass slides. The slides were prepared at room
temperature stained alternatively with Hematoxylin
and Eosin (H & E) and (Lilles Alchrome stain). The
prepared slides were studied using light microscope
(Olympus binocular microscope). Photomicrographs of
the prepared slides mounted on the binocular microscope
were taken using a digital microscopic objective. These
pictures were then transferred to a computer and detailed
studies were carried out !0,

Results & Discussion

Morphological aspect: The small intestine of animal
studies were distinctly divided into three segments,
namely the duodenum, jejunum and ileum. The three
grossly divided parts of small intestine in the current
studied animals were similarly observed in other studies
such as 11-13),

The
ascending limbs forming U-shaped tube called duodenal

duodenum consisted of descending and

loop . The pancreas observed between these limbs
The U-shape of duodenum in the current animals was
commonly observed in the other(this result disagreement
with other studies such as Agur et al'¥ those said the
duodenum it was found to form an “S” shaped curve
and also the > mention the duodenum it found is a
C-shaped or horseshoe-shaped structure.

The jejunum of the animals was organized grossly
in the form of cone-shaped of spiral coils. The cone
had centripetal coils, a sigmoid flexure and centrifugal
coils. This jejunum shape was similar to other studies

in squirre 1",

The third segment of the small intestine of the
animals was the ileum which appeared the shortest part
of the small intestine. It joined the jejunum cranially
and extended caudally to join the cecum these result
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agreement with other studies such as 1417,
Histological aspect

The small intestine appeared long convoluted tube,
extends from the junction with stomach to joining point
with the large intestine. Three segments were found
in the small intestine of the studied animals, namely
duodenum, jejunum and ileum these result agreement
with other studies such as (1317,

Duodenum: The organ showed microscopically
the four classic known layers of a tube organ: mucosa,
submucosa, muscularis and serosa (Fig.1). These four
layers appeared in the duodenum and other parts of the
small intestine in all such as (%19,

Tunicae mucosa : The duodenal mucous membrane
in the animals showed three different parts (Fig.2), that
were lining epithelium (simple columnar cells) (Fig. 2),
lamina propria (loose connective tissue with the presence
of mucosal glands) (Fig.2,1 ) and muscularis mucosa
(two thick layers of smooth muscle arranged into inner
circular and outer longitudinal bundles). The presence
of two layers of muscularis mucosa in the duodenal
mucosae of animals was similar to the findings observed
in @9, The mean thickness of this tunica in hamster was
2131.2mm, whereas, in the rabbit was 2410.1 mm .

Duodenal Villi : They were finger-shaped mucosal
projections which constructed from the lamina propria,
smooth muscle fibers as well as the lacteal. The latter
was blind ended lymphatic capillary that is lined by
simple columnar epithelium in studied animals (Fig.1,a
) these result agreement with other studies such as 21,

The lining epithelium of the villi was similar to
those observed previously in the same organ these
similarity with study ). The irregularity that observed
in the mucosal surface could be due to the presence of
duodenal villi intervening between the bases crypts of
Lieberkithn. The mean length of villi in hamster was
7251.3mm , whereas, in rabbit about 9764.7 mm.

Duodenal Crypts of Lieberkiihn: These were
simple tubular glands called intestinal glands that were
extended from the muscularis mucosa till the bases of the
villi. They were lined by a simple columnar epithelium
similar to the lining epithelium of the duodenal lumen
(Fig.2,a ). The mean diameter of gland in hamsters was
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3228 mm and in rabbit 5783.1mm .

Tunicae Submucosa : It was formed irregular
dense connective tissue situated, beneath the muscularis
mucosa, and the layer composed of large blood,
lymphatic vessels . The Brunner glands that found in
submucosa in mammals concert. The mean thickness of
this tunica in hamster was 1877.3mm, whereas, in the

rabbit was 2124.1 mm .

Underneath
submucosa the muscular coat consists of the smooth

Tunicae Muscularis Externia:
muscles fibers arranged into two layers, the inner
circular and the outer longitudinal layers in the studied
animals(Fig.1,a). Evenly the inner layer was thicker than
the longitudinal layer over all parts of the duodenum.
This finding was agreed with studies (% in wistar
rats. The mean thickness of this tunica in hamster was

4342mm, whereas, in the rabbit was 5117 mm .

Serosa and adventitia : The layer appeared thin in
thickness constructed by loose connective tissue covered
by a layer of mesothelial cells (Fig.1,a ). The serosa
lined externally the muscularis. These findings were
similarly recorded in other this result disagreement with
@ in wistar rats. The adventitia or outer layer consists
of a serous membrane composed of connective tissue
covered the free part of organ. The mean thickness of
this tunica in hamster was 200mm, whereas, in the rabbit
was 240 mm .

Jejunum: The microscopic examination of
jejunum’s wall showed similar histological layers of a

tube organ (Fig.3,b ).

Tunicae mucosa: The mucous membrane was
thrown into large numerous long leaf-shaped villi that
were arranged in a finger like projections in animals.
The epithelial lining represented by single layer of tall
columnar cells of both villi and crypts in the studied
animals (Fig.3,b ) which was in a good agreements with
what was recorded by other result such as ¥ in wistar
rats. The mean length of villi in hamster was 7640mm,
whereas, in rabbit about 8951mm. The crypts of
Lieberkiihn were short and simple tubular ducts opened
at the bases of villi occupying most of the thickness of
the lamina propria till the muscularis mucosa (Fig. 3,b).
The mean diameter of gland in hamster was 2879mm
and in rabbit was 2276mm. The lamina propria consists
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of loosely packed connective tissue containing blood
vessels and muscle fibers (Fig.3,b ) and such finding
was comparable with that observed by other studies ¥
in wistar rats.

The muscularis mucosa in the animals was poorly
developed and composed of only a few bundles of
circular muscle fibers (Fig. 1,b ). The mean thickness
of this tunica in hamster was 2621 mm, whereas, in the
rabbit was 2791 mm .

TunicaeSubmucosa : The submucosa was a thicker
layer of loose connective tissue possessed many blood
vessels (Fig.1,b ). The mean thickness of this tunica in
hamster was 1372mm, whereas, in the rabbit was 1912
mm .

Tunicae Muscularis Externia: This layer was
constructed of a thin outer longitudinal and a thick inner
circular layers in the studied animals. Between these
muscle bundles, fine dispersed narrow connective tissue
layer containing many large blood vessels (Fig.1,b ). The
presence of two muscular layers in the present animals
was similarly recorded in other studies such as (1>, The
mean thickness of this tunica in hamster was 4320mm,
whereas, in the rabbit was 4771 mm .

TunicaeSerosa : It was formed by layer of simple
squamous epithelium under which was a thin layer of
loose connective tissue (Fig.1,b ). The mean thickness
of this tunica in hamster was 180mm, whereas, in the
rabbit was 200 mm .

Ileum: Similar to the previous tube like organs the
microscopic examination of ileum’s wall showed the
four layers: mucosa, submucosa, muscularis and serosa
(Fig.4).

Tunicae mucosa: The villi appeared small leaf-
shaped arranged in a zig-zag pattern (Fig.4,c ). Each
villus was lined by an epithelium while its center

contained connective tissue core and such construction
was agreed with results of studies ) in wistar rats. The
villi were short and less numerous compared to those
found previously in the jejunum and duodenum of the
same investigated animals. The lining epithelium was
simple columnar (Fig.1,c ). The epithelium showed
obviously higher number of goblet cells compared to
those observed in both duodenum and jejunum. The
mean length of villi in hamster was 3481 mm, whereas,
in rabbit about 3632.1lmm Loose connective tissue
observed in the propria just beneath the epithelial
lining (Fig.1,c ) which was similar to (!7) in rats when
a simple columnar epithelium supported by underlying
connective tissue propria.

The muscularis mucosa was made of a thin outer
longitudinal and a thick inner circular layers of smooth
muscle fibers® in wistar rats. The mean thickness of this
tunica in hamster was 1815mm, whereas, in the rabbit
was 2126 mm .

Tunicae submucosa: This layer was formed of
loose connective tissue with blood vessels and these
findings agreed with that recorded in  in wistar rats.
The mean thickness of this tunica in hamsters was
1311mm, whereas, in the rabbit was 1521 mm .

The
muscularis was made up of an inner circularly and an

TunicaeMuscularis  Externia: layer
outer longitudinally arranged layers of smooth muscles
bundles (Fig.l,c ). This muscular arrangement was
similar to that in (') in rats. The mean thickness of this
tunica in hamsters was 2321mm, whereas, in the rabbit

was 2853.4 mm .

Tunicae Serosa: Layers serosa was a thin layer of
loose connective tissue. Its external surface was lined
by simple squamous epithelium (Fig.4,c ). The mean
thickness of this tunica in hamster was 160mm, whereas,
in the rabbit was 180 mm .
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The dimensions of duodenum, Ilium nad Jejunum in hamsters and rabbit (um) (Mean + SE).

Fig. 1 .Cross section of the small intestine wall of Rabbit showed mucosa (A), Submucosa (B), Muscularis
(C),and serosa (D), mascularis mucosa (E) , (a) duodenum, (b) jejunum, (¢) ileum H & E, X100 (a) and (b),
(c) X200

Fig. 2. Cross section of the small intestine wall of Rabbit showed: Crypts of Lieberkuhn (A), Brunner’s
glands (B) connective tissue (green), (a) duodenum, (b) jejunum, (c) ileum.
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Fig. 4. Cross section of the small intestine wall of hamster showed: Crypts of Lieberkuhn (A), Brunner’s
glands (B) connective tissue (green), (a) duodenum, (b) jejunum, (c) ileum. Lilles Alchrome stain, X40

Fig. 3 .Cross section of the small intestine wall of hamster showed mucosa (A), Submucosa (B), Muscularis
(C), and serosa (D), goblet cells (E) , (a) duodenum, (b) jejunum, (c¢) ileum H & E, X100

Lilles Alchrome stain, X40
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