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Motilin, a 22-amino-acids peptide hormone, plays a physiological role in the regulation of
gastrointestinal (GI) motility in several mammals through activating the motilin receptor (MLNR,
GPR38) located on enteric neurons and smooth muscle cells. Motilin is thought to be an endogenous
regulator of phase Il activity of the interdigestive migrating motor complex in the stomach of humans,
dogs and house musk shrews. The presence of the motilin system (motilin and MLNR) has been
reported in some birds (chickens and quails), but it has not been investigated extensively in reptiles,
amphibians and fish. In birds, motilin is able to cause contraction of the Gl tract in a region-dependent
manner (small intestine > proventriculus >> crop and colon) and mediates the rhythmic oscillatory
complexes observed in the small intestine in fasting periods of chickens. Motilin has been also
proposed to be a Gl motility-regulating hormone in the avian GI tract. However, a study using
different species is needed to understand the function of motilin in the regulation of GI motility in
birds because previous studies have only been conducted in chickens and quails.

Ghrelin, a natural ligand for growth hormone secretagogue receptor la (GHS-R1a), has been
identified in the gastric mucosa of mammals and non-mammals and has been shown to be a gut
peptide with multiple functions including regulation of growth hormone (GH) release, glucose
homeostasis, food intake, endocrine and exocrine pancreatic functions, cardiac function and regulation
of GI motility. Since ghrelin shows structural homology with motilin and GHS-R1a shows structural
homology with MLNR and both peptides are thought to be derived from the same ancestor gene, the
Gl motility stimulatory action of ghrelin has been investigated in humans and some experimental
animals including rodents. Although there are some species-related differences in the actions of
ghrelin on GI maotility, ghrelin is also thought to be a GI motility-regulatory peptide. In chickens, it
was found that ghrelin causes contraction in the crop, proventriculus and colon through the activation

of GHS-R1a. However, ghrelin did not cause any contraction in the Gl tract of Japanese quails despite
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the fact that GHS-R1a mRNA is expressed in the Gl tract. Due to the contrastive actions of ghrelin in
the chicken and quail Gl tracts, examination of the effects of ghrelin on GI contractility in other avian
species is needed to determine the general actions of ghrelin on contractility of the avian Gl tract.

In the present study, the pheasant (Phasianus colchicus versicolor) was selected as another avian
species because pheasants belong to the same order Galliformes that chickens and quails belong to and
it would be possible to compare the actions of motilin and ghrelin among closely related species. First,
the primary structures of motilin and ghrelin in the pheasant were determined by molecular cloning.
Then the effects of motilin and ghrelin and their interaction were examined in isolated Gl strips of the
pheasant.

In chapter 1, the background and objective of the study are introduced.

In chapter 2, identification of the motilin gene in the pheasant by molecular cloning and the
actions of motilin on contractility of Gl strips examined in vitro are described. Molecular cloning
indicated that the deduced amino acid sequence of the pheasant mature motilin was a 22-amino-acid
peptide, FVPFFTQSDIQKMQEKERIKGQ, and the gene was expressed mainly in the small intestine
(duodenum, jejunum and ileum). The expression levels in other regions of the Gl tract and in the brain,
heart, lung and liver were very low. In in vitro studies using pheasant Gl strips, chicken motilin and
pheasant motilin caused contraction of the proventriculus and small intestine with almost the same
affinity, whereas the crop and colon were almost insensitive. The ranking order of contraction was
ileum = jejunum = duodenum > proventriculus >> crop = colon. Human motilin, but not erythromycin
(an MLNR agonist), caused contraction of the pheasant small intestine, but a high concentration was
needed for human motilin. The ranking order of motilin peptides in the pheasant small intestine
(pheasant motilin=chicken motilin>human motilin) was different from that in the rabbit duodenum
(human motilin> pheasant motilin=chicken motilin). Chicken and pheasant motilin-induced
contractions in the proventriculus and ileum of the pheasant were not inhibited by the mammalian
MLNR antagonists GM109 and MA2029. These results indicated that the MLNR structure in
pheasants is different from that in rabbits (mammals). Neither atropine (a cholinergic muscarinic
receptor antagonist) nor tetrodotoxin (a neuron blocker) inhibited the responses to chicken and
pheasant motilins in the ileum, but both drugs decreased the responses to motilin in the proventriculus,
suggesting that the contractile mechanism of motilin in the proventriculus was neurogenic, different

from that in the small intestine (myogenic). These results suggested that motilin is widely present in



the small intestine of avian species and causes contraction of the GI tract in a region-dependent
manner. The highest responsiveness to motilin in the small intestine suggests that motilin is a Gl
motility-regulating hormone and that the small intestine is a main target organ of motilin in birds.

In chapter 3, identification of the ghrelin gene in the pheasant proventriculus by molecular cloning
and the actions of ghrelin on contractility of Gl strips examined in an in vitro experiment are described.
Molecular cloning indicated that the deduced amino acid sequence of the pheasant mature ghrelin was
a 26-amino-acid peptide, GSSFLSPAYKNIQQQKDTRKPTGRLH, and ghrelin was localized mainly
in the proventriculus as in other avian species. Ghrelin-immunopositive cells were detected in the
mucosal layer of the proventriculus, and their shape was a round, closed type. They were stained by a
specific antibody for decanoyl ghrelin but not by a specific antibody for octanoyl ghrelin.
Ghrelin-immunopositive cells were also detected in the duodenum by an antibody for unacylated
ghrelin but not by antibodies for octanoyl ghrelin and decanoyl ghrelin. Chicken ghrelin, quail ghrelin
and rat ghrelin (1 uM) did not cause contraction in any regions of the pheasant Gl tract. A comparison
of the effects of ghrelin in three different avian species (chicken, quail and pheasant) suggests that
there is species-dependent variation in the responses to ghrelin. Although ghrelin-sensitive (chicken)
and ghrelin-insensitive (quail and pheasant) groups were identified in avian species, the physiological
meaning for different actions of ghrelin in the GI tract was not clarified in this study.

Since an interaction of ghrelin and motilin has been reported in dogs and house shrews, the
interaction of the two peptides was also examined in the pheasant GI tract. The chicken
motilin-induced contraction was not modified by ghrelin pretreatment, and ghrelin also did not cause
any contraction in the presence of motilin, suggesting that there was no interaction between the two
peptides in the pheasant Gl motility.

In conclusion, motilin and ghrelin were shown to be present in the pheasant. A contraction study
indicated that motilin caused contraction of the pheasant Gl tract in a region-dependent manner similar
with chickens and quails. However, ghrelin was ineffective, indicating that ghrelin-related modulation
of GI motility that is observed in chickens might not be common in avian species. Taken together, the
results suggested that motilin might be a common regulator of Gl contractility, especially in the small
intestine of birds. However, further studies using avian species other than chickens, quails and
pheasants are needed to determine the general physiological roles of motilin and ghrelin in the avian

Gl tract.
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