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SUMMARY

The morphology of the intestinal glands of the colon and rectum was studied in
10 dogs, 10 goats and 10 donkeys of both sexes and of different ages by using
light and scanning electron microscope. The intestinal glands (crypts of
Lieberkuehn) of the colon and rectum of the dog were of the simple straight
tubular type, mostly with enlarged bases giving them flask-shaped appearance.
They were separated from the muscularis mucosa by the Stratum granulosum.
In the goat, they were slightly tortuous and rested directly on the muscularis
mucosa giving it a pitted appearance. In the donkey, they were typical simple
straight tubular in type terminating slightly apart from the muscularis mucosa.
The depth of the intestinal glands of the colon measured about 521.63 + 16.83
to 572.58 + 22.36 pm in the dog, 418.67 + 5.42 to 524.19 + 9.82 um in the goat
and 45333 + 3.18t0 484.34 £ 6.16 um in the donkey. The intestinal glands of
the rectum were shorter and measured 48922 + 17.15, 37871 +8.15and
43770 + 3.21um in depth in the three mentioned animals, respectively. The
intestinal glands of the colon and rectum of the studied animals were lined with
brush cells, goblet cells and few undifferentiated cells at the crypt bottom. In
the dog, the goblet cells constituted about 56.13% to 58.85 % of the lining of
the intestinal glands of the colon. Whereas, in the goat and donkey they were
relatively fewer and ranged from 55.02% to 57.98% and 44.10% to 45.07%,
respectively. In the colon, the proportion of the intestinal glands to the
connective tissue lamina propria was higher in the dog than in the goat and
donkey. This proportion was comparatively lower in the rectum. Scanning
electron microscopical investigation revealed that the openings of the intestinal
glands were regularly distributed upon the mucosa of the colon and rectum of
all examined animals. In the dog, they were uniformly triangular in shape.
However, in the goat and donkey, the openings were rounded, oval, triangular
and star in shape.

Key words: Intestinal glands, scanning electron microscope, colon, rectum,
dog, goat, donkey
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INTRODUCTION

The intestinal glands (Crypts of Leiberkuehn) were studied
histologically and morphometrically in the small and large intestine of
ruminants (Lackhoff, 1983; Ludwig, 1986) as well as by scanning electron
microscope in the cecum of some domestic animals (Wille, 1975) and in the
equine ileocecal junction (Kotze and Soley, 1990). The morphometrical and
scanning electron microscopical features of the intestinal glands of the dog,
goat, and donkey were lacking in the available literature. Therefore this work
aims to study the intestinal glands in the colon and rectum histologically,
morphometrically and by using scanning electron microscope in three species
of animals representing Carnivora (dog), Ruminantia (goat) and Equidae
(donkey).

MATERIAL and METHODS

This study was carried out on the large intestine of clinically healthy ten
dogs, ten goats and ten donkeys of both sexes and different ages (Tab. 1,2 &
3). The specimens were obtained from the dissecting room.

For light microscopical investigation five large intestine of each species
were perfused through the cranial and caudal mesenteric arteries with Bouin's
fixative. Pieces were taken from the ascending, transverse and descending colon
as well as the rectum. The specimens were rapidly rinsed in normal
physiological saline, immersed in the same fixative used and processed for
paraffin embedding. 5 um thickness paraffin sections were stained by H & E
and combined alcian blue - PAS (Mowry, 1956).

Different measurements were carried out on the intestinal glands of the
studied animals each using Leica Q 500 MC Image analyser. These
measurements were statistically analysed by using SAS international computer
program (1990). They were done in the following manner:

1- Depth of the intestinal gland from its opening at the epithelial surface till its
base was measured in longitudinal sectioned fifteen crypts.

2- Diameter of the intestinal glands was calculated from fifteen typical cross
sectioned crypts.

3- Percentage of goblet cells in the intestinal glands to the total epithelial cell
lining was calculated from fifteen longitudinal sectioned crypts.

4- Percentage of the intestinal glands to the connective tissue Lamina propria
mucosae was calculated in five fields of the histological section.

5- Thickness of the Lamina propria mucosae was calculated from fifteen fields.
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For scanning electron microscopical examination samples were taken
from the parts of the large intestine as already mentioned for the light
microscopy from the rest of the animals under investigation. The samples were
fixed in 5% glutaraldehyde in 0.1 M phosphate buffer pH 7.2 for 24 hours at 4°
C, dehydrated in alcohol followed by amyl acetate and critically-point dried
with liquid Cop. They were sputter-coated with gold and examined in a JEOL

5400 LV scanning electron microscope.

RESULTS

The crypts of Lieberkuehn of the dog were simple straight tubular
glands with mostly enlarged bases giving them flask-shaped appearance (Fig. 1
& 2a, b). The blind ends of the Gll. intestinales were separated from the
muscularis mucosa by a thin layer containing different types of leukocytes
referred as Stratum granulosum (Fig. 3). In the goat, the intestinal glands were
simple tubular slightly tortuous. They extended through the entire thickness of
the lamina propria with their blind ends resting directly on the muscularis
mucosa resulting in its pitted appearance (Fig. 4 & 5a, b). However, in the
donkey, the crypts of Lieberkuehn were typical simple straight tubular glands
and terminated slightly apart from the muscularis mucosa (Fig. 6a, b).

The intestinal glands of the colon and rectum of the studied animals
occupied mostly the whole thickness of the lamina propria. In the dog, these
glands exhibited its maximum depth in the ascending colon then decreased
gradually towards the rectum. The depth of these glands was 572.58 um +
22.36 in the ascending colon, 551.11um + 21.58 in the transverse colon, 521.63
um #+ 16.83 in the descending colon and 489.22 = 17.15 pm in the rectum. The
diameter of these crypts was 63.45 um £ 1.2, 61.03 ym = 1.42, 61.37 pum + 0.93
and 59.65 um + 0.97 in the ascending, transverse, descending colon and rectum,
respectively (Tab. 1). In the goat, these glands were short and measured 524.19
pm + 9.82 in depth in the ascending colon, 435.31 um +2.71, 418.67 pm +
5.42 and 378.71um+ 8.15 in the transverse and descending colon as well as in
the rectum, respectively. The diameter of these crypts were 53.76 um + 1.35 in
the ascending colon. It reached 49.17 pm + 1.03 in the transverse colon, 47 46
um + 1.17 in the descending one and 48.38 um = 1.21 in the rectum  (Tab.
2). In the donkey, the depth of these intestinal glands measured 484.34 um +
6.16 in the ascending, 472.29 + 3.81 in the transverse and 466.68 pm + 2.86 in
the descending colon. In the rectum, it reached 437.70 pm + 3.21 (Tab. 3). The
diameter of the intestinal glands was 55.83 + 1.16 in the ascending, 56.81 um +
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1.09 in the transverse and 56.02 pm + 0.56 in the descending colon as well as
56.67 pm =+ 0.92 in the rectum (Tab. 3). The percentage of the intestinal glands
to the connective tissue lamina propria was 61.68%, 64.94%, 65.44% and
63.69% in the ascending, transverse and descending colon as well as the rectum
of the dog, respectively. In the goat, this proportion reached 52.52% in the
ascending, 56.66% in the transverse and 56.18% in the descending colon.
However, in the rectum the proportion was 65.04%. In the donkey, this
proportion was fewer, where it reached 45.25% in the ascending, 47.73% in the
transverse, and 44.45% in the descending colon as well as 40.50% in the
rectum.

The Gll. intestinales of the colon and rectum of the investigated animals
were lined with simple columnar epithelial cells with striated border, goblet
cells and undifferentiated cells. The striated border of the columnar cells
decreased in height in the direction of the crypt bottom  (Fig. 1). The goblet
cells were the most predominant cell type and revealed strong positive
reactivity with alcian blue and periodic acid Schiff (Fig. 7). The
undifferentiated cells observed at the crypt bottom show mitotic figures (Fig. 3
& 8). They appeared as low columnar-shaped cells with slightly basophilic
cytoplasm. Lymphocytes as well as eosinophil leukocytes were observed within
the lining of the intestinal glands.

In the dog, the goblet cells represented about 56.13%, 57.45%, 58.85%
and 59. 75% of the total cell count of the intestinal glands of the ascending,
transverse and descending colon as well as the rectum, respectively (Tab. 1). In
the goat, they formed about 57.98% of the total cell count of the ascending
colon. In the transverse, descending colon and rectum these cells constituted
about 55.02%, 55.03% and 55.55%, respectively (Tab. 2). However, in the
donkey, the goblet cells represented about 45.07% of the total cell count of the
intestinal glands in the ascending and transverse colon, 44.10% in the
descending colon and 43.38% in the rectum (Tab. 3).

Scanning electron microscopical examination of the mucosa of the
colon and rectum of the animals under investigation revealed regular
distribution of the openings of the intestinal glands. In the dog, they appeared
triangular in shape. Each triangular-shaped opening was circumferntially
surrounded by 3 to 5 cell layers of brush and few goblet cells. Therefore, the
glandular openings appeared as units separated from each other by shallow
grooves (Fig. 9a & b). In the goat and donkey, the openings of the intestinal
glands were also regularly distributed at the mucosa of the colon and rectum
without definite demarcation between them and the inter-cryptal region (Fig.
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10). The openings of these intestinal glands were rounded, triangular, oval and
star- shaped (Fig. 11a-c& 12 a-d).

DISCUSSION

Both light and scanning electron microscopical observations of the
colon and rectum of the studied species revealed different forms of the
intestinal glands. The dog possessed simple straight tubular glands with mostly
enlarged bases giving them flask-shaped appearance similar to that observed by
MARTIN (1906) in the same animal. STROMBECK and GUILFORD (1991)
in the dog and cat and EVANS (1993) in the dog described them as simple
straight tubular glands. In agree with TRAUTMANN and FIEBIGER (1957)
the crypts of Lieberkuehn of the goat appeared as simple tubular slightly
tortuous glands. In the donkey, they were typical simple straight tubular glands
simulating that described by TRAUTMANN and FIEBIGER (1957), EL -
HAGRI (1967), SCHUMMER and NICKEL (1979) and BANKS (1993) in the
domestic animals as well as WILSON and WILSON (1983), COPENHAVER,
KELLY and WOOD (1978) and FAWCETT (1994) in man.

In the present study, the colonic intestinal glands extended deeper in the
lamina propria with their blind ends terminating at variable levels from the
muscularis mucosa. In the dog, they were separated from the muscularis
mucosa by the Stratum granulosum. However, in the goat, the intestinal glands
ranged from 418.67 to 524.19 um in depth and rested directly on the muscularis
mucosa resulting in its pitted appearance. On the other hand, MARTIN (1906)
and SCHUMANN (1907) found that the depth of the intestinal glands ranged
from 238 to 357 pum in the goat and from 258 to 391pum in the sheep. In the
donkey, they ranged from 453. 33 to 484.34 um in depth and terminated
slightly apart from the muscularis mucosa. In the horse the depth of the
intestinal glands ranged from 225 um to 449 um (MARTIN, 1906;
SCHUMANN, 1907). In the colon of man, the depth of the intestinal glands
was 0.5 mm (LEESON, LEESON and PAPARO, 1988; FAWCETT, 1994;

KRAUSE and CUTTS, 1994) or 0.4 mm to 0.6 mm (TELFORD and
BRIDGMAN, 1995).

The present investigation showed that the depth of the intestinal glands
of the rectum was shorter than that of the colon, where they measured 489.22,
378.71 and 437.70 pm in the dog, goat and donkey, respectively. In man they
ranged from 0.7 mm (FAWCETT, 1994; KRAUSE and CUTTS, 1994) to 0.75
mm (LEESON et al., 1988).
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Variation in the depth of the intestinal glands of the large intestine of the
animals under investigation is due to the variations in the thickness of the
lamina propria enclosing them, where there is a direct relation between the
depth of these glands and the thickness of the lamina propria.

The diameter of the intestinal glands of the colon varied among the
studied animals. It was wider in the dog (61.03 to 63.45um) than in the goat
(47.46 to 53.76um) and in the donkey (55.83 to 56.81um). The diameter of the
rectal intestinal glands was narrow, where it reached 59.65, 48.38 and 56.67 pum
in dog, goat and donkey, respectively. MLADENOWITSCH (1907) mentioned
that the diameter of the rectal intestinal glands of the domestic animals ranged
from 32 to 65 um. Variation in the diameter of the intestinal glands may be
species-dependent.

The proportion of the intestinal glands to the connective tissue lamina
propria varied considerably among the studied species as well as within the
colon and rectum of the same animal. They constituted 61.68% to 65.44%,
52.52 % to 56.66% and 44.45% to 47.73% in the colon of the dog, goat and
donkey, respectively. The percentage was lower in the rectum than in the colon.
The intestinal glands lead to increase the surface area and consequently the
corresponding functions.

The intestinal glands of the colon and rectum of the studied animals
were lined with brush cells, goblet cells as well as few undifferentiated cells at
the crypt bottom. These results simulate that mentioned by TRAUTMANN and
FIEBIGER (1957) and LIEBICH (1990) in the domestic animals, SLOSS
(1954) and MICHEL (1989) in the pig as well as HAM (1974),
COPENHAVER et al (1978), FAWCETT (1994), KRAUSE and CUTTS
(1994) and TELFORD and BRIDGMAN (1995) in man. The undifferentiated
cells w observed undergoing mitosis as mentioned by COPENHAVER et al.
(1978), CORMACK (1987), MICHEL (1989), BANKS (1993) and TELFORD
and BRIDGMAN (1995).

The histochemical observation revealed that the lining goblet cells
produced both acidic and neutral mucin as stated by MICHEL (1989) and
HOUSSAINY (1996). The mucus secretion is stimulated by direct contact
between the gland cells and luminal content (GANONG, 1975). This secretion
is alkaline with a pH ranged from 7.5 to 8.0 in the domestic animals
(BREAZILE, 1971) or 8.3 to 8.4 in man (FENTON, 1960). It plays a significant
role in protection of the mucosa against both the mechanical irritations caused
by the developing feces (JENSEN and COLORADO, 1980; WILSON and
WILSON, 1983; KRAUSE and CUTTS, 1994) and acids produced by the
bacterial action on food remnants (FENTON, 1960, FLOREY, 1962;

42




Assiut Vet. Med. J. Vol. 39 No. 77, April 1998

BREAZILE, 1971). It also binds the fecal materials together (JENSEN and
COLORADO, 1980), lubricates them and consequently facilitate their
propulsion (FLOREY, 1962; JENSEN and COLORADO, 1980; ROSS and
REITH, 1983; WILSON and WILSON, 1983; BURROWS, 1986).

The goblet cells constituted 56.13% to 58.85% of the lining of the
intestinal glands of the colon of the dog. However, they were relatively few in
the goat and donkey, where they reached 55.02% to 57.98 and 44.10% to
45.07%, respectively. In the rectum, the percentage of goblet cells was higher
in the dog than in the goat and donkey. This agrees with that reported by MOE
(1955) and LIEBICH (1990) who mentioned that, the carnivores possess more
goblet cells than herbivores. This may explain that the dog is in need of large
quantity of mucus for more lubrication and consequently facilitating the
passage of harder feces, that contains nearly 18% water (DRAZNER, 1985). In
sheep and horse the fecal matter contains 68% and 75% water respectively
(SWENSON, 1977).

The brush cells lining the intestinal glands of the colon of the studied
animals were in reversed relation to the goblet cells. They were fewer in dog in
comparison with goat and donkey. The latter animal possessed the higher
proportion of brush cells. These cells play a significant role in fluid (water)
absorption (HAM, 1974; COPENHAVER et al,, 1978; LEESON et al., 1988) as
well as Na“, CI' and vitamins (BANKS, 1993). The latter author added that,
cellulose digestion and the subsequent absorption of its digestive products occur
in the cecum and colon of horse and related animals. This fact may explain the
higher proportion of brush cells in the donkey than in the dog, where greater
absorptive capacity is needed for the absorption of the digested cellulose
products.

Scanning electron microscopical investigation of the mucosa of the
colon and rectum of the studied animals revealed a regular distribution of the
openings of the intestinal glands, simulating that observed in the cecum of the
pig and cow (WILLE, 1975) and in the equine ileocecal junction (KOTZE and
SOLEY, 1990). However, in the cecum of horse and goat the openings were
irregularly distributed (WILLE, 1975).

In the dog, the openings of the intestinal glands of the colon and rectum
were uniformly triangular in shape. They appeared as units separated from each
other by shallow grooves, which may be due to folding, shrinking or
compression of the mucosa (KOTZE and SOLEY, 1990). This groove showed
similarity with that of rat colon (SCHIFF, MOORE and KETELS, 1980).
However, in the goat and donkey, the intestinal gland openings appeared
rounded-, oval-, triangular-, or star-shaped. WILLE (1975) observed that the
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gland openings were rounded or oval in the cecum of the goat and dome -
shaped in that of sheep. He attributed this variation to be species-bounded.
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LEGENDS

. 1: Photomicrograph of the mucosa of the ascending colon of the dog showing
straight tubular gland with flask-shaped base (asterisk). Simple columnar
epithelium with striated border (arrows), goblet cells (arrowheads). H&E X
160.

. 2a&b: Scanning electron micrographs of the mucosa of the ascending colon of the
dog showing straight tubular glands with enlarged base (a). High magnification
of the marked area (b). Side view.

. 3: Photomicrograph showing mitosis within the undifferentiated cells (arrows) of
the intestinal glands of the ascending colon of the dog. Stratum granulosum
(a), inner circular (b,) and thick outer longitudinal (b;) layers of the muscularis
mucosa. H&E X 250.

. 4: Photomicrograph of the mucosa of the descending colon of the goat showing
tubular slightly tortuous glands (Ig). Epithelium mucosace (arrowheads), pitted
appearance (arrows). H&E X 160.

. 5a&b: Scanning e¢lectron micrographs of the mucosa of the descending colon of
the goat showing tubular slightly tortuous glands (double arrow), impressions
in the muscularis mucosa (asterisks), cut base of the glands (arrows). Side
VIEW.

. 6a: Photomicrograph of the descending colon (semilunar fold) of the donkey
showing intestinal glands (Ig). Goblet cells (arrows), brush cells (arrowheads),
undifferentiated cells with mitosis (thick arrow), muscularis mucosa (a),
submucosa (b). H & E X 160.

6b: Scanning electron micrograph of the mucosa of the descending colon
(Haustra) of the donkey showing the straight tubular intestinal glands. Side
VIEW.

7: Photomicrograph of descending colon of the donkey (Haustra) showing
positively stained goblet cells of the intestinal glands. AB-PAS X 160.

. 8: Photomicrograph showing mitotic division within the undifferentiated cells of
the intestinal glands of the descending colon (thick arrow). H & E X 400.
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9a&b: Scanning electron micrographs of the mucosal surface of the descending
colon of the dog showing triangular-shaped intestinal gland openings
(asterisks). Goblet cells (arrows), shallow groove (arrowheads).

10: Scanning electron micrograph of the mucosa of the descending colon of the
donkey showing intestinal gland openings (arrowheads) and inter-cryptal
region (asterisks).

11a-c: Scanning electron micrographs of the rounded- (a), triangular- (b) and star-
(c) shaped intestinal gland openings of the descending colon of the donkey.
Brush cells (arrows) goblet cells (arrowheads), mucus released from goblet
cells (thick arrows).

12a-c: Scanning electron micrographs of the luminal surface of the descending
colon of the goat showing rounded-(a), triangular-(b) and oval- (¢) shaped
intestinal gland openings. Brush cells (arrows) and goblet cells (arrowheads).

12d: Scanning electron micrograph of the luminal surface of the rectum of the
goat showing star- shaped intestinal gland opening. Numerous goblet cells
(arrowheads), brush cells (arrows), mucus discharged from a goblet cell
(thick).
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