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SUMMARY

The Tunica muscularis of the colon and rectum of the dog, goat and
donkey was studied morphologically and morphometrically. It composed
of two layers of smooth muscle fibers, In the dog and goat, the thick
inner circular layer was joined with the thin outer longitudinal one by
reticular fibers, except at the places of myenteric plexus, where few
collagenous and elastic fibers were observed. The latter was
demonstrated in the colon of the dog and absent in goat. In the donkey,
the 2 muscular layers were of variable thickness and constantly
separated by inter-muscular septum. The thin outer longitudinal layer
became  thickened forming the Taeniae coli in the transverse and
descending colon. The Tunica muscularis of the colon of the goat was
the thinnest of the studied animals, where it ranged from 241.14 pm+
10.43 to 289.99 um + 6.08 at the centripetal gyri and descending colon,
respectively. While, in the dog it measured 828.20 um +92.50 to 829.69
um + 4372 in the descending and transverse colon, respectively.
Although, the Tunica muscularis of the colon of the donkey was of
variable thickness within its different parts. it was the thickest of the
studied animals where it measured 1521.49 um + 153.31 at the
meseneric band of the descending colon. In the rectum, the Tunica
muscularis of the dog and donkey was composed of thin inner circular
and thick outer longitudinal muscular layers separated by inter-muscular
septum. The Tunica muscularis of the goat was the thinnest (291.44 um
* 10.54 in thickness) while that of the donkey was the thickest of the
studied animals (2070.17 pm + 17.51). The elastic fibers were fower in
the Tunica muscularis of the rectum of the dog and donkey and absent in
that of the goat. The obtained results were discussed in relation to the
possible role of the Tunica muscularis in the formation of the final form
of the fecal matter in the animals under investigation.
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INTRODUCTION

The Tunica muscularis of the large intestine consists of an inner
circular and outer longitudinal smooth muscle fibers separated by inter-
muscular septum containing the myenteric plexus. In guinea pig, rabbit,
pig. horse and man modification of the outer longitudinal muscular layer
occwrs to form flat muscular bands containing elastic fibers called
Taeniae coli (Sloss, 1954; Sisson, 1975; Gabella, 1983; Telford and
Bridgman, 1995). Breazile (1971) added that the haustra produced by the
Taeniae coli assist in mixing the materials within the large intestine and
are particularly important in the horse and pig since these herbivorous
animals have no rumen to digest dietary cellulose. The muscular coat
produces peristalsis which involves both the circular and longitudinal
muscle layers and serves to squeeze the digesta (Drazner, 1985 and
Currie, 1988). The circular layer performs segmental contraction
(Drazner, 1983) while the longitudinal layer produces a pendular or
propulsive contraction (Pace, McCashland and Landolt, 1965;
Schottelius and Schottelius, 1973 and Currie, 1988). From the available
literature  the Tunica muscularis of the colon and rectum of the domestic
animals received little attention. In this work the morphology and
morphometry of the Tunica muscularis of the colon and rectum of the
dog, goat and donkey will be explored. The purpose of this study will be
an aid to correlate the role of the Tunica muscularis in the formation of
the different final forms of the fecal matter of the studied animals.

MATERIALS and METHODS

Five large intestine of dog, goat and donkey each of both sexes
and different ages were obtained from the dissecting room and were
perfused through the cranial and caudal mesenteric arteries with Bouin's
fixative. The specimens were collected from the segment of the colon
concerned with formation of the final form of the fecal matter
(descending colon in dog and donkey and centrifugal gyri of the
ascending colon in the goat). In addition, the preceeding segment
(transverse colon in dog and donkey and centripetal gyri in the goat, in
which the content is semifluid) and the rectum as storage place were also
used.

15




Assiut Ver. Med. J. Vol 43 No. 83. April 2000
=ess el Med. J. Vol 43 No. 85, April 20

These specimens were rapidly rinsed in normal physiological
saline for removal of the intestinal contents and then immersed in the

for paraffin embedding. 5 pum thick paraffin sections were stained with
H&E  (Harris, 1900), Crossmon's trichrome (Crossmon, 1937),
Verhoeff's haematoxylin (Verhoeff, 1908) and Gomori's reticulin
(Gomori, 1937).

Morphometric studies were carried out using Leica Q 500 MC
Image analyser. The thickness of the Tunica muscularis as well as its
layers was measured in each animal on fifteen fields along the
histological sections. The total wall thickness of the different parts of the
colon and rectum of the studied animals was calculated by summation
the thickness of the different layers (Mohammed, 1997).

The measurements were statistically analysed using S4S
international computer program (1990),

RESULTS
A) Colon:

The Tunica muscularis of the colon of the dog, goat and donkey
was  composed of an inner circular and outer longitudinal layers of
smooth muscle fibers. In the dog (Plate I, Fig. 1) and goat (Plate I1, Fig,
1 & 2), the thick inner circular and thin outer longitudinal muscular
layers were joined together with reticular fibers except at the places of
the myenteric plexus, where few collagenous and elastic fibers were
observed. The latter appeared as few fine fibers especially in the inner
circular layer in the colon of the dog, while in the goat, they could not be
demonstrated (Plate 1L, Fig. 2). In the donkey, the inner circular and
outer longitudinal muscular layers were of variable thickness and
constantly separated by inter-muscular connective tissue septum (Plate
III, Fig. 1-4). The latter was formed mainly of collagenous (Plate IV,
Fig. 1) and elastic fibers (Plate II1, Fig. 3) and contained the myenteric

plexus as well as blood vessels, The inner circular layer was thick at the

111, Fig. 2).

The muscular coat of the colon of the donkey contained variable
amounts of elastic fibers, They were few and dispersed within the inper
muscular layer of the transverse colon (Plate I1, Fig. 3) as well as that of
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the semilunar fold of the descending one. The outer longitudinal
muscular layer of the mesenteric (Plate 111, Fig. 4) and anti-mesenteric
bands (Plate III, Fig. 5) was extremely rich in elastic fibers than the
inner circular layer. These elastic fibers ran parallel to the longitudinal
axis of the muscular layer. In addition, these taeniae showed abundant
blood capillaries (Plate IV, Fig. 1 & 2).

The average thickness of the Tunica muscularis of the transverse
and descending colon of the dog was nearly equal, where they reached
about 829.69 um + 43.72 and 828.20 um +92.50, respectively. This
muscular coat represented about 46.74% and 46.47% of the total wall
thickness of the transverse and descending colon. The Stratum circulare
constituted about 2.45 and 1.66 times the thickness of Stratum
longitudinale at the level of transverse and descending colon,
respectively (Table 1, Hist.1, 2& 3).

In the goat, the muscular coat was thinner where it measured
281.15 pum + 7.97 and 289.99 um + 6.08 in thickness at the transverse
and descending colon, respectively. The thickness of the inner circular
layer was 187.51 um + 5.46 at the transverse and 195.79 um +3.84 at
the descending one. The outer longitudinal muscular layer was nearly of
the same thickness along the transverse and descending colon, where it
reached 93.63 um +3.72 and 94.19 pum + 3.72, respectively. The Tunica
muscularis represented about 31.93% of the total wall thickness of the
transverse colon and 33.01% of that of the descending one. The inner
circular layer constituted 2.0 and 2.09 times the outer longitudinal one of
the before mentioned segments (Table 2, Hist. 1,2& 3).

However, in the donkey the Tunica muscularis of the colon was
the thickest of the studied animals. This muscular coat varied
considerably in thickness at the different parts of the colon especially its
outer longitudinal layer. The Tunica muscularis was 1067.74 pm + 12.40
in thickness within the inter-taenial region of the transverse colon. It was
formed of thick inmer circular (617.73 pm + 9.98) and thin outer
longitudinal (356.99 um + 7.81) layers, representing about 48.74% of
the total wall thickness. While, at the taeniae the latier layer was
increased in thickness greatly (Plate III, Fig. 2) to reach 861.19 pm +
21.52. Within the descending colon the variation in the thickness of the
Tunica muscularis was clear. It was of minimal thickness (793.83 um -+
19.91) at the semilunar folds and saccules, consisting of thick inner
circular layer (528.97 pm + 17.59) and thin outer longitudinal one
(190.88 um +2.34). In this region, the Tunica muscularis formed about
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41.89% of the total wall thickness. The maximal thickness was observed
at the mesenteric and anti-mesenteric bands of the descending colon,
where it measured about 1521.49 um + 153.31 and 1485.89 pm + 96.90,
respectively., The average thickness of the inner circular layer was
562.32 um +27.41 at the mesenteric and 515.51 pm + 13.83 at the anti-
mesenteric band. The outer longitudinal layer was thick forming the
taeniae (dorsal and ventral bands), which had approximately the same
thickness. It reached 816.66 um + 131.6 and 816.4 um + 80.25 in
thickness, respectively. The muscular coat constituted about 62.10% of
the total wall thickness at the level of the mesenteric band and 60.37% of
that of the anti-mesenteric one. The inner circular layer formed about
1.73, 2.77, 0.74 and 0.65 times the outer longitudinal one at the
transverse, semilunar fold, mesenteric and anti-mesenteric band of the
descending colon, respectively (Table 3, Hist.1, 2& 3).

B) Rectum:

Unlike that of the colon, the Tunica muscularis of the rectum of
the dog (Plate I, Fig.2)and donkey (Plate IV, F ig. 3) consisted of thin
inner circular and thick outer longitudinal smooth muscle fiber layers
separated by inter-muscular septum. In the goat, the inner circular layer
was thicker than the outer longitudinal one (Plate II, Fig. 3). The
connective tissue layer was formed mainly of collagenous and elastic
fibers and contained blood vessels and nerve cells and fibers of the
myenteric plexus. The former fibers were observed surrounding the
muscular bundles especially the outer longitudinal layer and
communicated with those of the inter-muscular septum and Tunica
serosa (Plate 1, Fig. 2; Plate II, Fig. 3 and Plate IV, Fig.3). Few fine
elastic fibers were observed within the muscular layers of the rectum of
the dog (Plate L, Fig. 3) and donkey (Plate IV, Fig. 4) as well as the inter-
muscular septum of the goat, (Plate 11, Fig. 4).

The Tunica muscularis of the rectum of the dog measured about
786.06 pm +34.05 and formed about 48.17% of the total wall thickness.
Its  circular layer was 331.10 pum + 23.39, while the Stratum
longitudinale measured 415.06 pm + 31.79 in thickness. The former
layer represented about 0.82 time the outer one (Table 1, Hist. 1,2,3). In
the goat, this tunica was also thinner than that of the dog, where it
measured 291.44 pum + 10.4 in thickness and constituted about 34.01%
of the total wall thickness. The average thickness of the thick inner layer
reached 160.29 pm + 4.39, while the thin outer longitudinal was 92.94
pm = 5.28 in thickness. Consequently, the Stratum circulare constituted

18




Assiut Vet. Med_ J. Vol. 43 No. 85, April 2000

about 1,74 times the outer longitudinal layer (Table 2, Hist. 1,2, 3). The
Tunica muscularis of the rectum of the donkey was the thickest, where it
measured 2070.17 pm +17.51 and constituted about 35.29% of its total
wall thickness. The inner circular layer was 907.90 pm #2828 in
thickness and the outer longitudinal one was 987.00 + 24.4. The former
layer was constituted 0.92 time the outer one (Table 3, Hist. 1,2,3).

DISCUSSION

The present investigation revealed that the Tunica muscularis of
the colon of the dog and goat was arranged into thick inner circular and
thin outer longitudinal smooth muscle fiber layers in between them the
Plexus nervorum myentericus. These results are in accordance with that
mentioned by Trautmann and Fiebiger(1957) and Liebich(1990) in the
dog and ruminant as well as Evans(1993) in the dog.

In the donkey, the Tunica muscularis contained in additiona
thick inter-muscular connective tissue septum, which contained the
myenteric plexus. The Tunica muscularis of the transverse colon of the
donkey was composed of thick inner circular and thin outer longitudinal
smooth muscle fiber layers at the inter-taenial region as that of dog and
goat. The outer longitudinal muscular layer of the transverse and
descending colon of the donkey was thickened forming the taeniae. In
the horse, similar results were recorded in the transverse (Burns, 1992;
Dyce, Sack and Wensing, 1996) and the descending colon (Trautmann
and Fiebiger, 1957; Sisson, 1975; Schummer and Nickel, 1979; Banks,
1993; Stinson and Calhoun, 1993).

The Taeniae coli were observed also in a variety of species
including pig (Sloss, 1954; Stinson and Calhoun, 1993), man
(Copenhaver, Kelly and Wood, 1978 Leeson, Leeson and Paparo, 1988
and Telford and Bridgman, 1995), rabbit (Gabella, 1983 and Houssainy,
1996) and guinea pig (Gabella, 1976).

The Tunica muscularis of the rectum possesses in addition to the
muscular layers a well-developed inter-muscular connective tissue
septum. In the dog, the muscular layer was thicker than that of the colon,
where it constituted about 48.17% of the total wall thickness. The
thickening occurred in the outer longitudinal muscular layer as
mentioned by Trautmann and Fiebiger (1957) and Banks (1993) in the
same animal, In the rectum of the goat, the Tunica muscularis was
relatively thicker (34.01%), dueto the presence of an inter-muscular C.
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T. septum. However, in the donkey it was thicker than that of the dog
and goat, where it constituted about 55.29% of the total wall thickness.
This is due to the increased thickness of both inner and outer muscular
layers. These results simulated that mentioned by Trautmann and
Fiebiger (1957), Schummer and Nickel (1979), Banks (1993) and
Stinson and Calhoun (1993) in the horse. While, Sisson (1975) stated
that the increased thickness of this tunic in the rectum of the horse is due
to the outer longitudinal muscular layer.

The elastic fibers were few in the Tunica muscularis of the colon
and rectum of the dog and absent in those of the goat. Trautmann and
Fiebiger (1957) stated that they are hardly demonstrable in the muscular
coat of goat and sheep. In the donkey, these fibers were more numerous
specially in the Taeniae coli simulating that mentioned by Trautmann
and Fiebiger (1957), Schummer and Nickel (1979), Stinson and Calhoun
(1993), Liebich (1990) in the horse and pig, Sloss (1954) in the pig and
Gabella (1983) in the rabbit.

With respect to the capability of the elastic fibers for expansion
about 150 times its original size (Liebich, 1990), it is acceptable that
these fibers give the muscular coat more elasticity. The latter provide the
Tunica muscularis a greater resistance against the mechanical stress
exerted by the luminal content upon the wall and consequently they act
as shock absorber for stretch or compression. The presence of numerous
elastic fibers within the muscular coat of the colon of the donkey is
necessary to counteract the greater mechanical stress exerted by the large
fecal balls upon the wall. However, in the goat the small fecal pellets
necessitate mild mechanical stress and in accordance elastic fibers were
not observed.

The Taeniae coli of the donkey contained numerous blood
capillaries. They are few in these of guinea pig (Gabella, 1976). Gabella
(1983) stated that the absence of blood capillaries in the rabbit Tacniae
coli suggests that the tissue is an unfavourable environment that does not
attract or does not support growing capillaries. He added also that the
abundance of elastic fibers constitutes a hindrance to the growth of
capillaries. The present finding disproves this suggestion, where the
Taeniae coli of the donkey were highly vascularised to accommodate the
adopted function.

The circular layer of the Tunica muscularis performs rhythmic
segmental contraction. This type of contraction takes the form of phasic
constrictions of the wall for a short distance which results in local
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mixing of the luminal content, bringing them in direct contact with the
absorptive surface (Fenton, 1960; Pace et al., 1965; Ganong, 1975 and
Currie, 1988). Drazner (1985) added that the segmentation offers
resistance against the propulsive activity, allowing time for maximal
reabsorption and for storage and drying of the fecal matter.

The outer longitudinal layer of the Tunica muscularis produces a
pendular or propulsive contraction. It is a rhythmic cycles of shortening
and lengthening of the longitudinal muscluar layer which plays a role
not only in mixing the luminal contents (Pace et al., 1965; Currie, 1988)
but also for pushing them in anal direction (Schottelius and Schottelius,
1973). On the other hand, Drazner (1985) and Currie (1988) stated that
the peristalsis involves both the circular and longitudinal muscle layers
and serves to squeeze the digesta.

Breazile (1971) stated that the presence of Taeniae and Haustra
provide the cecum and colon of horse and pig with different motility
patterns from those of ruminants and carnivores. They include, localized
segmenting contractions in which the Haustra are alternately compressed
and expanded as well as pendular movement caused by contraction of
the taeniac and functions in mixing of the internal content. Innervation
of the inner and outer layers of the Tunica muscularis was carried out by
the myenteric plexus (Krause and Cutts, 1994).

The proportion of the inner circular layer to the outer
longitudinal one of the Tunica muscularis was relatively higher in the
colon than in the rectum. In the latter this proportion was reversed. This
reflect the relatively dominant role played by the inner circular layer in
the colon than in the rectum, in which the outer longitudinal layer is
needed for pushing the stored feces during defecation.

The above mentioned facts revealed that, there is a direct relation
between the thickness of the muscular coat of the colon and rectum of
the studied animals from one side and the total wall thickness, diameter
of these parts and the volume of the contained fecal matter from the
other side. This relation may explain that the colon and rectum of the
donkey with their wider diameter need thicker muscular coat. This is
needed to exert a greater role not only for the passage of the voluminous
contents but also for their exposure to the mucosal surface for more
absorption in comparison with those of the goat and dog.

The colon of the studied animals exhibited remarkable
interspecies difference in the formation of the characteristic form of the
feces. Within the descending colon of the donkey the received semifluid
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fecal matter from the transverse colon was kncaded and rolled into its
characteristic ball forms between two successive semilunar folds. This is
achieved by the aid of the segmental contraction, alternating
compression and expansion of the thick inner circular muscular layer
(2.77 times the outcr one). Contraction of the outer longitudinal layer
opens these valvular folds and pushes the formed fecal balls with the aid
of contraction of the taeniae in apal direction. This explains the high
vascularity obscrved in the colic bands.

On the other hand, the received semifluid fecal matter from the
centripetal turns of the colon of the goat was divided into fecal pellets
within the centrifugal turns by the aid of the scgmental contraction of the
circular layer as well as the presence of transversely oriented folds. On
the contrary, the colon of the dog possessed neither semilunar nor
transverse folds (Mohammed, 1997) so, it may be suggested that the
segmental contraction of the circular layer has a little role in dividing the
contents into smaller units, which appeared in the form of columns.
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LEGENDS

Plate I:

Fig. 1: Photomicrograph of the descending colon of the dog showing the inner
circular (a;) and outer longitudinal layers (az) of the Tunica
muscularis. Intestinal glands (G), submucosa (b), Tunica serosa (¢),
myenteric plexus (arrow), green coloration of collagenous fibers.
Trichrome X 40.

Fig. 2: Photomicrograph of the Tunica muscularis of the rectum of the dog
showing inner circular (ay), outer longitudinal (a;) and inter-muscular
septum (b). Tunica serosa (¢), collagenous fibers (arrow), myenteric
plexus (arrowhead). TrichromeX 100.

Fig. 3: Photomicrograph of the Tunica muscularis of the rectum of the dog
showing clastic fibers (arrow) within the inner circular (ai), outer
longitudinal (a;) and inter-muscular septum (b). Myenteric plexus
(asterisk). Verhoefs X250.

Plate 11:

Fig. 1: Photomicrograph of a centripetal turn of the colon of the goat showing
thick inner circular (ap), thin outer longitudinal (a;) of the Tunica
muscularis, myenteric plexus (arow), submucosa (b), mesothelium
(arrowhead), subserosa (double arrow). Trichrome X 160.

Fig. 2: Photomicrograph of the transverse colon of the goat showing elastic
fibers (arrowhead) around the myenteric plexus (arrow), thick inner
circular (a;) and thin outer longitudinal (a;) layers of the Tunica
muscularis. Verhoeff’s X 250.

Fig. 3: Photomicrograph of the rectum of the goat showing inner circular (21),
outer longitudinal (az) and inter-muscular septum (b) of the Tunica
muscularis. Mesothelium (arrow), subserosa (asterisk). TrichromeX
100.

Fig. 4: Photomicrograph of the rectum of the goat showing elastic fibers
(arrow). Inter-muscular scptum (a), inner circular (by), outer
longitudinal (b;) muscular layers, subserosa  (c), mesothelium
(arrowhead). Verhoeff’s X 160.
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Plate I11:

Fig. 1: Photomicrograph of the transverse colon of the donkey showing thick
inner circular (a;), thin outer longitudinal layers (ay) of the Tunica
muscularis and inter-muscular septum (b). Collagenous fibers (Green
color). submucosa (c), Tunica serosa (d). TrichromeX 100.

Fig. 2: Photomicrograph of the tacniae of the transverse colon of the donkey
showing imner circular (a;), outer longitudinal (a;), taenia (a3) and
inter-muscular  septum (b). Submucosa (arrow), Tunica scrosa
(asterisk). H&E X 40,

Fig. 3: Photomicrograph of the transverse colon of the donkey showing elastic
fibers (arrowhead). Inner circular (a). outer longitudinal (a,), inter-
muscular septum (b), myenteric plexus (arrow), subserosa (c),
mesothelium (double arrow). Verhoef"sX 100.

Fig. 4: Photomicrograph of the descending colon (mesenteric band) of the
donkey showing the elastic fibers (arrow). Inner circular (a,), outer
longitudinal (a,) and inter-muscular septum (b). Verhoeff*sX 160.

Fig. 5: Photomicrograph of the descending colon (anti-mesenteric band) of the
donkey showing elastic fibers (arrow). Outer longitudinal muscular
layer (a), subserosa (b), mesothelium (double arrow). Verhoeff’s X
250.

Plate 1V:

Fig. 1: Photomicrograph of the descending colon (anti-mesenteric band) of the
donkey showing taenia, (ay), inner circular layer (az) and inter-
muscular septum (b). Tunica serosa(arrow). TrichromeX 40.

Fig. 2: Photomicrograph showing numerous blood capillarics (arrow) within
the mesenteric band of the descending cclon of the donkey. H& E X
250.

Fig. 3: Photomicrograph of the rectum of the donkey showing the collagenous
fibers within the submucosa (a), inner circular (b1), outer longitudinal
(b) and inter-muscular septum (c).Tunica mucosa (d), fat cells
(asterisk). Trichrome X 10.

Fig. 4: Photomicrograph showing elastic fibers (arrow) within the inner
circular (a) and inter-muscular septum (b) of the Tunica muscularis of
the rectum of the donkey. Verhoeff’s. X 160.
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