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Abstract

Ghrelin hormone is a novel 28 - amino acid has
recently discovered in birds in 1999. Ghrelin is a
hormone produced by endocrine cells in the gas-
trointestinal tract. It stimulates growth hormone
secretion, promotes food intake and energy ex-
penditure. The distribution and morphologic char-
acteristics of ghrelin — containing cells in the gas-
trointestinal tract of goose, ducks, chicken, quails
and ostrich was investigated by immunocytochem-
istry. Ghrelin — immunopositive (ip) cells were lo-
cated in the mucosa of the proventriculus, duode-
num, jujenum, ileum and cecum of goose and
duck, while in chicken, the ghrelin positive cells
were mainly localized in the proventriculus and few
cells were scattered in the small and large intes-
tine. In quail and ostrich, the cells only found in the
proventriculus. The numbers of the positive cells
were numerous in goose and duck, than that in the
chicken, quails and ostrich.
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Introduction

Ghrelin is a peptide identified as an endogenous
ligand for the growth hormone secretagogue re-
ceptor (Moesgaard et. al., 2004).

Kojima et al., (1999), Date et al., (2000),
Seoane et at.,, (2000), Yamazaki et al., (2002)
Boudesteyn et. al., (2002), Inui et. al., (2004) and
Moesgaard et. al., (2004) said that, ghrelin is a
hormone produced by endocrine cells in the stom-
ach. Ghrelin stimulates the secretion of growth
hormone, stimulates gastric-acid production and
stimulate the appetite. Furthermore, feeding status
seems to influence plasma ghrelin levels, as these
are increased during fasting, whereas feeding and
oral glucose intake reduce plasma ghrelin.
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Inui et. al., (2004) said that, ghrelin stimulates ap-
petite and induces a positive energy balance lead-
ing to body weight gain.

Murray et. al., (2003) stated that, ghrelin released
from the stomach, it stimulates lactotroph and cor-
ticotroph secretion, increases appetite and adipos-
ity. Baudet and Harvey (2003) said that, the intra-
venous administration of human ghrelin to imma-
ture chickens promptly increased the circulating
GH concentration (within |0 min), although this was
transitory and was only maintained for 20 min.
Korbonits et. al., (2004) stated that, ghrelin is
brain-gut peptide with growth hormone-releasing
and appetite-inducing activities. It is mainly se-
creted from the stomach mucosa but it is also ex-
pressed widely in different tissues and therefore
may have both endocrine and paracrine effects.
Reiko et. al., (2002) stated that, a few ghrelin-
producing cells was observed mainly in the pro-
ventriculus of the hatching chicken and numerous
in the proventriculus of the adult chicken. Also few
cells were detected in pylorus and duodenum of
the adult chicken.

Ahmed et. al., (2002) showed that ghrelin-
immunopositive (ghrelin-ip) cells exist in the chick-
en hypothalamus but not in the chicken proven-
triculus.

Masuda et. al., (2000), Wren et. al., (2000), Ari-
yasu et. al., (2001), Asakawa et. al., (2001), Date
et. al., (2001), Inui (2001), and Nakazato et. al.,
(200I) reported that, ghrelin produced in the stom-
ach is a major source of plasma ghrelin and play
an important role in these functions. Rat ghrelin
cells were found to be localized in the mucosa of
the stomach, duodenum, ileum, cecum and colon
but not in the myenteric plexus, and they can be
classified into open- and closed-type cells (Ichiro
et, al., 2002 and Sakata et, al., 2002). Date et, al.,
(2000) demonstrated that, the greatest amount of
ghrelin contents were found in the stomach and
the smaller amounts were found in the small and
large intestines.

Takahiro et, al., (2001) mentioned that, the plasma
ghrelin concentration in cows decreased signifi-
cantly 1 h after feeding, and then recovered to pre-
feeding levels.
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Materials and methouds

This work was carried out on the gastrointestinal
tract of five geese, five balady ducks, five white
chickens, five quails and two ostrich. The speci-
mens from the different parts of the gastrointestinal
tract were taken immediately after sloughtering
and fixed in Bouin's solution. The specimens were
dehydrated in ascending grade of alcohol, clearing
in xylene and imbedded in paraffin wax. 3 — 5 ym
thick were obtained and subjected to hematoxyline
and eosin as general histological stain and immu-
mohistochemical reaction for detection of ghrelin
immune positive ip cells.

Immumohistochemistry:

Immumohistochemical detection of ghrelin produc-
ing cells using rabbit anti-ghrelin serum (no. 603)
was carried out by the avidin-biotin-peroxidase
complex (ABC) methods. The immumohistochemi-
cal staining was performed basically according to
the previously reported procedure (Sakai et al.,
1994).

e Briefly, the sections were deparaffinized
with xylene and rehydrated through de-
scending concentrations of ethanol. The
sections were bring to water, then washed
in phosphate buffer solution (PBS), ph 7.4

e The sections were incubated with anti-
ghrelin serum (antibody) diluted 1:150000
in PBS for 2 hours at room temperature.

e The sections were washed in PBS three
times, 5 minute for each.

e The sections were incubated for 1 hour at
room temperature in Anti-rabbet immu-
noglobulin G (sigma 1: 200) in PBS buffer.

e The sections were washed in PBS three
times 5 minute for each.

e The sections were incubated for 1 hour
with an avidin-biotin-peroidase complex (
Vectastain ABC kit). 10 ym avidin + 10 ym
biotin in 1 ml PBS.

e The sections were washed in PBS three
times 5 minute for each.

e The sections were reacted in 0.2% 3-3-
diaminobenzidine-tetrachloride (DAB)
mixed with 0.0006% H202 in 0.05 M Tris-
Hcl buffer, ph 7.6 for 30 second to detect
immunostaining (coloring agent).

e Washing with distilled water, then the sec-
tion were dehydrated with a grade of etha-
nol, clearing in xylene, mounting and view
under a light microscope.

e A confirm test was used for sure detection
whether these cells ghrelin ip cells or not
by using immunized-rabbit serum instead
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of anti-ghrelin serum (antibody) and then
complete the same steps.

Results

General histology:

This study give an idea about the general histo-
logical structure of the gastrointestinal tract in dif-
ferent birds (geese, balady ducks, chickens, quails
and ostrich). The gastrointestinal tract consists of
stomach (proventriculus and gizzard), small and
large intestine.

A- Proventriculus

The proventriculus consists of tunica mucosa, tu-
nica submucosa, tunica muscularis and serosa
(Fig: 1-A). The mucosa covered externally by thin
layer of cuticle and it consists of an epithelial layer
resting on a thin basement membrane, a lamina
propria and a muscularis mucosa. The mucosa
throw into folds, from the base of these folds sim-
ple to branched tubular mucosal gland extended.
Tubulo-alveolar submucosal gland were found in
the submucosa and open by a papilla on the mu-
cosal surface. The submucosal glands are distrib-
uted throughout the entire organ in geese, balady
ducks, chickens & quails except in ostrich it con-
fined to a slipper-shaped area along the dorso-
lateral walls of the proventriculus.

B- Gizzard

The gizzard covered with a thick and hard cornified
layer (Fig: 1-B). The mucosa consists of lamina
epithelialis (simple columnar epithelium), lamina
propria (contain simple to branched tubular gland),
there are no lamina muscularis mucosa, the tunica
submucosa is thick and formed from dense fibrous
connective tissue. The tunica muscularis is very
thick to support the mechanical force of grinding.

C-Intestine

The intestine consists of small intestine [duode-
num (Fig:1-C), jejunum (Fig:1-D) & ileum (Fig:1-E)]
and large intestine [caecum (Fig:1-F), colon & rec-
tum]. The mucosa of the intestine is thrown into
villi which show a marked variation in density,
shape and size in the different regions of the intes-
tine. In which the villi are numerous and best de-
veloped in the small intestine and diminish until
only few small villi are seen in the ceca and rec-
tum. The shape of the villi will differ according to
the bird as in chicken the duodenal villi are long
branched leaf-like and decrease in height toward
the large intestine. In quails the duodenal villi are
finger-like with rounded end but the jejunal villi are
long & tongue shape. In ostrich the duodenal villi
are long branched forming labyrinthine surface.

Distribution of ghrelin-immunopositive cells
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Ghrelin cells were observed in the gastrointestinal
tract (proventriculus, duodenum, jejunum, ileum,
cecum, colon and rectum, but not observed in the
gizzard. Ghrelin cells were found in the mucosal
layer of all the examined regions. Two types of
ghrelin cells were found; i.e. closed-type cells
(rounded cells) (Fig: 8-B) and cells with triangular
or elongated shapes and with apical cytoplasmic
process (opened type cells) (Fig: 10-C), indicating
that, ghrelin cells can be classified into two cell
types. The distribution of ghrelin-immunopositive ip
cells will be differ in the birds. The goose proven-
triculus shows high density of ghrelin ip cells were
seen in the mucosal (Fig: 2-A) and submucosal
glands (Fig: 2-A&B). The ghrelin cells were con-
centrated at the base of the mucosal glands, but in
the submucosal glands the cells were concen-
trated around the lumen and at its margin (Fig: 2-
A). Also the ip cells observed in the intestinal villi
and the intestinal glands of the duodenum (Fig: 3-
A), jejunum (Fig: 3-B), ileum (Fig: 3-C), cecum
(Fig: 4-A), colon (Fig: 4-B) and rectum (Fig:4-C),
but the density of the cells is low in the small intes-
tine then increase in the large intestine (Fig: 3-B&
4-B). In duck the ip cells were seen as few number
in the mucosal gland and distribute equally in the
submucosal glands (Fig: 5-A) of the proventriculus.
Low density of cells were observed in the jejunum
(Fig: 6-A) and ileum (Fig: 6-B) but the density in-
crease in colon (Fig: 7-A) and rectum (Fig: 7-B). In
chicken the number of the ip cells were low than
that found in goose and duck, and observed in the
base of the mucosal glands (Fig: 8-A) and around
the lumen of the submucosal glands (Fig: 8-B) of
the proventriculus. There were a few cells scat-
tered in the small and large intestine (Fig: 9-A&B).
In quail and ostrich, the ghrelin ip cells were only
detected in the mucosal and submucosal glands of
the proventriculus (Fig: 10-A&B&C), in which they
distributed allover the submucosal glands. There
were no differences in immunoreactivities of ghre-
lin cells in various regions of gastrointestinal tract
of geese, balady ducks, chickens, quails and os-
trich.

Discussion

The mucosal glands vary from simple to branched
tubular glands this finding is in agreement with
Hodges (1974) and Hoda (1985) in fowl, El-
zoghiby (2000) in turkey, Salem (1982) in duck
and Bezuidenhout, et al., (1990) and Seham
(2004) in ostrich.

The submucosal glands are distributed throughout
the entire organ in geese, balady ducks, chickens
& quails except in ostrich it confined to a slipper-
shaped area along the dorsolateral walls of the
proventriculus glands, this finding is in agreement
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with Hodges (1974) and Hoda (1985) in fowl, Hoda
(1982) in duck, Shafika (1989) in Pigeon and Be-
zuidenhout et al., (1990) and Seham (2004) in os-
trich.

The mucosa of the intestine is thrown into villi
which show a marked variation in density, shape
and size in the different regions of the intestine.
The shape of the duodenal villi in chicken are long
branched leaf-like and decrease in height toward
the large intestine this result agree with Hoda
(1985) in fowl. In quails the duodenal villi are fin-
ger-like with rounded end but the jejunal villi are
long & tongue shape this result agree with Pfeiffer
et, al.,, (1975) in quail and pigeon. In ostrich the
duodenal villi are long branched forming labyrin-
thine surface this result agree with Bezuidenhout
et, al., (1990) and Seham (2004).

The hypothalamic regulation of GH secretion in
birds differs significantly from that in mammals
(Harvey 1993), but ghrelin has recently been
shown to increase plasma GH concentrations in
immature chickens, (Ahmed et, al., 2002, Kaiya el,
al., 2002). Although ghrelin directly stimulates GH
release from mammalian pituitary cells (Kojima et,
al., 1999, Yamazaki et, al., 2002), it also has hypo-
thalamic sites of action (Date et, al., 2000, Tan-
nenbaum & Bowers 2001, Tolle et, al.,, 2001, Ta-
mura et, al., 2002, Wren et, al., 2002).

The numbers of the positive cells were numerous
in goose and duck, than that in the chicken, quails
and ostrich, this cells produce ghrelin hormone
which stimulates food intake, increase the appetite
and stimulates growth hormone secretion, inducing
a positive energy balance leading to body weight
gain. These results explain the fact that the goose
and duck having a habit of increase the food intake
and the growth rate than that in chicken, quails
and ostrich.

Ghrelin cells can be classified into two cell types,
closed- cells and opened-cells. These two types of
cells showed similar staining, and no marked dif-
ferences in immunoreactivities. These results
agree with the results of Ichiro et, al., (2002) in the
gastrointestinal tract of rat.

In goose and duck the ghrelin ip cells were numer-
ous in the proventriculus and in the small and large
intestine, in chicken, the cells were numerous in
the proventriculus, but a few cells were scattered
in the small and large intestine. In quail and os-
trich, the ghrelin cells were only detected in the
mucosal and submucosal glands of the proven-
triculus. These results agree with Date et, al.,
(2000) and Ichiro et, al., (2002) which saied that
the cells in rats were most dense in the stomach
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body, and low densities of ghrelin cells were found
in the other examined regions (duodenum, ileum,
cecum and colon).

The ghrelin cells were concentrated at the base of
the mucosal glands and around the lumen of the
submucosal glands in the proventriculus of goose
and chicken. In duck, quail and ostrich the (ip)
cells were seen as few number in the mucosal
gland and distribute equally in the submucosal
glands of the proventriculus. Reiko et, al., (2002)
found numerous ip cells in the middle of the muco-
sal layer of the chicken proventriculus than at the
base of these layer. Most of the cells were round-
shaped cells (closed-type), that were not in contact
with the lumen. Sakata et, al., (2002) observe the
ghrelin cells in the glandular base of the rats stom-
ach until 2 weeks of age and localized in the glan-
dular base to the body of the fundic gland at 3
weeks of age. But Ichiro et, al., (2002) in rats
stomach detect the ghrelin cells in the glandular
base to body of the fundic gland, and a few cells
were observed in the glandular neck.

The ip cells observed in the intestinal villi and the
intestinal glands of the duodenum, jejunum, ileum,
cecum, colon and rectum of goose duck and
chicken, this results agree with that of Date et, al.,
(2000) and Ichiro et, al., (2002) which detect the
cells in the epithelia of the intestinal villi and the
crypts of rats intestine.
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Fig (1):
A : A Photomicrograph of goose proventriculus showing mucosa (M), submucosal gland (SGL) & lamina
muscularis (LM) .Mag .X 50 Stain : H&E.

B : A Photomicrograph of goose gizzard showing cuticle (CU), mucosa (M) & mucosal gland (MGL) .Mag .X
200 Stain : H&E.

C : A Photomicrograph of goose duodenum showing intestinal villi (V), intestinal gland (IG) & lamina
muscularis (LM) .Mag .X 100 Stain : H&E

D : A Photomicrograph of goose jejunum showing intestinal villi (V) & intestinal gland (IG) .Mag .X 200 Stain :
H&E.

E : A Photomicrograph of goose ileum showing intestinal villi (V), intestinal gland (IG) , lamina muscularis (LM)
& tunica muscularis (TM).Mag .X 100 Stain : H&E.

F : A Photomicrograph of goose caecum showing intestinal villi (V), intestinal gland (IG) & lymphatic nodule
(LN) .Mag .X 200 Stain : H&E.

J. vet. anat. 19 Vol 1 No1, (2008) 14 - 21



Ghrelin hormone in JIT in birds Eidaroos et al.

Fig(2): A : A Photomicrograph of goose proventriculus showing ghrelin (ip) cells in the mucosal gland ( MG) &
submucosal gland (SGL) as closed cells ( rounded) ( thick arrow ) & open cells ( pyramidal or triangular ) (thin
arrow ) .Mag .X 100 .

B : A Photomicrograph of goose proventriculus showing ghrelin (ip) cells in the submucosal gland (SGL) as
closed cells ( rounded) ( thick arrow ) & open cells ( pyramidal or triangular ) (thin arrow ) .Mag .X 400 .

Fig (3): A Photomicrograph of goose showing ghrelin (ip) cells as closed cells ( rounded) ( thick arrow ) &
open cells ( pyramidal or triangular ) (thin arrow ) in A : Duodenum .Mag .X 400 .
B: Jejunum Mag X 400 C: lleum Mag X 100 intestinal villi (V), intestinal gland (IG) & lamina muscularis (LM) .

Fig(4): A Photomicrograph of goose showing ghrelin (ip) cells as closed cells ( rounded) ( thick arrow ) & open
cell ( pyramidal or triangular ) (thin arrow ) in A : Caecum .Mag .X 400 .
B: Colon Mag X 100 C: Rectum Mag X 100 intestinal villi (V) & intestinal gland (IG) .

Fig(5): A Photomicrograph of duck proventriculus showing ghrelin (ip) cells in the mucosal gland ( MG) &
submucosal gland (SGL) as closed cells ( rounded) ( thick arrow ) & open cells ( pyramidal or triangular ) (thin
arrow ) .Mag .X 100 .(left)

Fig(6): A Photomicrograph of duck showing ghrelin (ip) cells as closed cells ( rounded) ( thick arrow ) & open
cells ( pyramidal or triangular ) (thin arrow ) in the intestinal gland (IG) of A : Jejunum

B: lleum Mag X 400 .(middle and right)
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Fig(7): A Photomicrograph of duck showing ghrelin (ip) cells as closed cells( rounded) ( thick arrow ) & open
cells ( pyramidal or triangular ) (thin arrow ) in A : Colon
B: Rectum Mag X 200 .in intestinal villi (V), intestinal gland (IG) & lamina mscularis (LM) .

Fig (8): A : A Photomicrograph of chicken proventriculus showing ghrelin (ip) cells in the mucosal gland ( MG)
& submucosal gland (SGL) as closed cells ( rounded) ( thick arrow ) & open cells ( pyramidal or triangular )
(thin arrow ) .Mag .X 100 .

B : A Photomicrograph of chicken proventriculus showing ghrelin (ip) cells in the submucosal gland (SGL) as
closed cells ( rounded) ( thick arrow ) & open cells ( pyramidal or triangular ) (thin arrow ) .Mag .X 400 .

Fig (9): A Photomicrograph of chicken showing ghrelin (ip) cells as closed cells ( rounded) ( thick arrow ) &
open cells ( pyramidal or triangular ) (thin arrow ) in the intestinal gland (IG) of A : Jejunum Mag X 200
B: lleum Mag X 400 .intestinal villi (V) & intestinal gland (IG) .

Fig (10): A Photomicrograph of proventriculus showing ghrelin (ip) cells as closed cells ( rounded) ( thick
arrow ) & open cells ( pyramidal or triangular ) (thin arrow ) in the intestinal gland (IG) of A : quail Mag X 200
B: Ostrich Mag X 100 C: Ostrich Mag X 400 . mucosa (M), mucosal gland (MG) & submucosal gland (SGL) .
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