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Backgrounds and Aim

Materials and Methods

Motilin（MLN） is a hormone consisting of 22 amino acids separated from the
duodenal mucosa of pigs. This peptide causes gastrointestinal (GI) contraction and is
suggested to be a mediator of Phase-III for a gastric migrating motor complex (MMC) of
human, dog and suncus. MLN peptide with similar structure has been identified in avian
species and is proposed as a regulator of rhythmic oscillating contraction in the chicken
ileum.
In fish and reptiles, MLN has been identified in a genetic database but its GI motility
stimulating action has been examined only in the zebrafish and rainbow trout (induce a
small contraction at a high concentration).
Of MLN system in amphibians, MLN peptide has not been identified yet in the
database, but a previous study indicated that human MLN caused contraction of
the upper intestinal longitudinal muscle (Kitazawa et al., 2016. Gen. Comp.
Endocrinol., 232, 51-59).
The aim of present study is to characterize the human MLN-induced contraction
in the bullfrog GI tract. Presence of mammalian-like MLN in the bullfrog was
examined by an immunohistochemical approach using anti-human MLN antibody.

1. Animals and tissue preparations

Fig. 1. Structure of vertebrate MLN.
Motilin structure has been identified in fish,
reptiles, birds and mammals. Reptiles are
proposed as boundary species that motilin
structure change to birds/mammals type. Table
is from Front Endocrinol (Lausanne). 2019
May 17;10:278. (Kitazawa T and Kaiya H).

Bullfrogs (Rana catesbeiana, 200-250 g) of both sexes were sacrificed by decapitation and pithing
the spinal cord by fine needles. The whole gastrointestinal tract was isolated and placed in an icecold physiological salt solution (NaCl, 80 mM; KCl, 2.5 mM; CaCl2, 1.8 mM; NaH2PO4, 0.12 mM;
NaHCO3, 24 mM and glucose, 1.1 mM). The bullfrog gastrointestinal tract was divided in four
parts: stomach, upper intestine, middle intestine and lower intestine (see photo).

2. In vitro contraction study
Longitudinal and circular muscles were suspended vertically in an
organ bath (5 ml, 23℃, gassed with 95%O2 and 5%CO2) and their
contractility was measured. Spontaneous and 50 mM KCl-induced
contractions were indicator for viability of preparations.
Human MLN, chicken MLN and erythromycin were applied and the
evoked responses (muscle tonus and area under curve for 5 min)
were normalized using those of 50 mM K.

3. Immunohistochemistry for MLN
The stomach and each parts of intestine were isolated and fixed in Bouin–Hollande fixation
solution. The tissues were embedded in paraffin, cut into 3-µm-thick sections on a microtome and
mounted on gelatin-coated glass slides. The MLN immunoreactivity in sections was stained by antiporcine MLN rabbit serum (1:10.000, diluted), kindly donated by Dr. Sakata, Saitama University.
This anti-serum has been used to indicate the presence of quail MLN in the previous study (Apu et
al., 2016). Morphometric observation was done using a microscope (BX-53; OLYMPUS, Tokyo,
Japan) with a digital camera (DP70; OLYMPUS, Japan).

Fig. 4. Comparison the actions of hMLN on the

Fig. 7. Pharmacological properties of hMLN-induced

contractility of three different intestinal regions.
hMLN causes contraction of only upper intestinal
circular muscles. Region specific contraction is a
characteristics of MLN-induced contraction observed in
mammals and birds.

contractions in the circular muscles from the upper intestine.
hMLN acts directly on smooth muscles and the structure of MLN
receptor might be different from that of mammals.

Fig. 5. Concentration-response relationships of

Fig. 2. Representative actions of hMLN on the
contractility of gastric longitudinal and circular
muscles. Gastric LM and CM strips are insensitive to
hMLN.

hMLN in the different GI longitudinal (LM) and
circular muscles (CM) preparations. Only the
preparations from upper intestine are effective causing
contraction by hMLN. Circular muscle is more sensitive
than longitudinal muscle. *indicated significant actions.

contractility of upper intestinal longitudinal and
circular muscles. hMLN caused the contraction of
upper intestine. The responses in the circular
muscles are stronger than that of longitudinal
muscles.

MLN-like immunoreactivity was not found in the bullfrog stomach
(upper), upper intestine (middle) and middle intestine (lower). Left:
small magnification focused on the gastrointestinal wall. Right: large
magnification focused on the mucosa

Rabbit duodenum

Conclusion

Fig. 6. The effects of various gastrointestinal
Fig. 3. Representative actions of hMLN on the

Fig. 8. Immunohistochemical study using anti-hMLN antibody.

smooth muscle stimulants in the circular muscles
from upper intestine. In addition to high-K (50mM)
and hMLN, acetylcholine and chicken MLN caused the
contraction but erythromycin A (EMA) was quite
ineffective causing contraction. Small fig indicates the
response of EMA in the rabbit duodenum. EMA is
active as MLN agonist in rabbit duodenum.

hMLN causes the contraction of bullfrog GI tract in a region
dependent manner through direct action on the smooth muscles.
Although bullfrog MLN structure is unknown at present, MLN
like peptide is possible to regulate GI motility.
 The failure of immunohistochemical study to detect MLN
immunoreactivity in the bullfrog suggests the different structure
of bullfrog MLN if it is expressed in the intestine.
The lack of agonist action of EMA and of antagonist action of
GM109 suggests the different structure of bullfrog MLN
receptor.

Perspective
Identification of MLN receptor and bullfrog MLN is needed if
they are expressed.
MLN receptor but not MLN ligand is expressed in the frog
(anuran amphibian) but there is a possibility both (receptor and
ligand) are expressed in other kinds of amphibian (urodelian
amphibian) (personal communication).
The authors have no COI with regard to this presentation.

