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ABSTRACT Objective: To investigate the effects of paraventricular hypothalamic nucleus（PVN）administration of motilin and

motilin receptor antagonist GM-109 on ingestion and body weight gain in rats. Methods: Motilin and GM- 109 were injected in PVN at

doses of 0.005-5 nmol. A significant increasing ingestion was observed 1h after PVN injection motilin 3nmol/rat and continued for 2h.

Ingestion was measured by decreasing of pellets between the preweighted pellets and the uneaten pellets at 20 min, 1 and 2 h after drug.

The mice were weighted .Daily PVN administration of motilin and GM-109, the weight of the rats were detected for 1week. Body weight,

food intake were analyzed and compared with those of the rats of ACSF (NaCl, 138.9 mmol;KCl, 3.4 mmol; CaCl2, 1.26 mmol; NaHCO3,

4 mmol;NaH2PO4·2H2O, 0.6 mmol; and glucose, 5.6- mmol)-treated controls. Results: PVN administration of motilin 5nmol/rat increased

significantly the food intake after 1 and 2 h. The body weight increased 7days later. Food intake increased significantly (p＜0.01), howev-

er, body weight gained slight (p＞0.05). However, which was not observed in PVN administration GM-109 at doses of 0.005-5nmol/rat,

or ACSF -injected controls. These effects indicate that motilin is involved in the regulation of digestive motility and that motilin receptors

are present in the brain and may have a role in the regulation of food intake. Conclusion: motilin modulates digestive movement, and pro-

motes gastric emptying and appetitive effect. May be due to gastric emptying is frequent, no plenty of time to digest absorb, thus weight

gain no significant differences.
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Introduction
Feeding behavior is known to be regulated by many media-

tors and regulatory pathways in the brain and periphery. Now,

there is growing evidence that food intake is regulated by neuro-

transmitters and neuromodulators including anorexigenic and

orexigenic neuropeptides in the hypothalamic nuclei in interaction

with blood-borne hormones and nutrients [1]. Motilin, a

22-amino-acid peptide released periodically from the mucosa of

the upper small intestine during fasting, is known to stimulate gas-

trointestinal motility [2]. In endogenous motilin participates in the

control of the interdigestive migrating motor complex (MMC) [3,4],

Motilin may be one of the orexigenic peptides, at least when ad-

ministered into the brain [5]. Ghrelin (previously known as the

growth hormone secretagogue receptor; GHSR) is also released by

the gut during fasting and may be regarded as motilin's cousin.

ghrelin in certain experiments has been shown to have activity via

a receptor that is distinct from the ghrelin receptor (e.g. increased

feeding in rats after intracerebroventricular administration [6]. Its

orexigenic and anabolic actions[7]. Ghrelin induces adiposity in ro-

dents by increasing food intake and decreasing fat use [7]. Thus,

peptide hormones play significant roles in energy homeostasis in

the central nervous system [1]. Motilin immunoreactivity, motilin

mRNA and the motilin receptor have been detected in the central

nervous system-in the cortex, cerebellum, hippocampus, amygdala

and hypothalamus [8-10], which suggests that motilin plays an inte-

grative role as neurotransmitter and/or neuromodulator in the brain
[11]. To investigate the effects motilin and motilin receptor antago-

nist GM-109 on ingestion and body weight gain in rats, we inject-

ed motilin and GM-109 into PVN to further specify the effects of

possible of motilin.

1 Methods and methods

1.1 Animals
Twelve week old male Sprague-Dawley rats (Qingdao Ma-

rine Drug Institution) weighing180-250g were used in all experi-

ments, which were housed in a temperature-controlled room

(20℃) with lights on from 08.00 to 20.00 h. All animal were in a

stress-free environment with constant temperature and humidity

conditions. All rats were fed standard laboratory chow and tap wa-
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Fig. 1 Effects of motilin(0.005-5nmol/rat)injected PVN on cumulative

food in nonfood-deprived rats. The number of rats used are 6 per each

group. *p＜0.05**p＜0.01 compared to the ACSF control group by

Bonferroni's t-test

ter available ad libitum. And the total number of rats was 60,

which were randomly divided into 9 groups (n=6), experiments

were carried out according to the guidelines for animal experimen-

tation of Qingdao Medical School. All efforts were made to mini-

mize animal suffering and to reduce the number of animal in ex-

periments.

1.2 Material
Rabbit motilin and selective motilin receptor antagonist

GM-109[12] (gift from Gut Hormone Laboratory, Leuven, Belgium)

was microinjected into PVN.

1.3 methods
Before the experiments, they were anesthetized with Chloral

Hydrate (3 ml/kg of a 10% solution, i.p.), hair around the skin area

where the incision was planned was shaved, and skin was

scrubbed with 70% alcohol. The animal was mounted on the cen-

ter stereotaxic instrument (Narashige SN-3, Tokyo, Japan), and

24-gauge cannulas was inserted into PVN according to the brain

stereotaxic atlas (1.8mm posterior to the bregma, 0.5 mm to the

midline, 8 mm under the cranium surface) of SD rats. The entire

exposed cannulas were covered with dental cement and dental

base acrylic resin powder, which were served to affix the cannulas.

A 27-gauge injection insert was attached to a microsyringe by

PE-20 tubing. After the surgery, each rat received a daily peri-

toneal administration of benzylpenicillin sodium (2×104 units) [9]

to resist infection.The rat recovered completely from the surgery

after 3 d, would be used for the later experiment. After the experi-

ment, the location of the cannula tip was confirmed by the injec-

tion of dye (Pontamine sky blue 0.5μl) and histological examina-

tion of frozen brain sections. More than 90% of the cannulas were

properly placed. Experiments were started at 8:00 a.m. Motilin and

GM-109 were dissolved in 4μl ACSF (NaCl, 138.9mmol; KCl,

3.4mmol; CaCl2, 1.26mmol; NaHCO3, 4mmol; NaH2PO4 . 2H2O,

0.6mmol; and glucose, 5.6mmol.) The injection doses was

0.005-5nmol daily. Similarly, daily doses of co-administration of

motilin and GM-109 were 0.005-5nmol. Body weight of animals

was measured at 8:00a.m everyday. Food intake was measured by

placing the preweighed pellets in the cage and weighing the uneat-

en pellets at 20 min, 1 h and 2 h after drug administration for 1

week.

1.4 Statistical analysis
Results were presented as mean ± SD. Data were evaluated

by ANOVA with repeated measures. Analysis of data was per-

formed with t-test and one-way analysis of variance (SPSS17. O

software package). P value which was less than 0.05 was consid-

ered to be statistically significant.

2 Results
Motilin increased food intake, 5nmol motilin, 4μl signifi-

cantly increased total food intake. After PVN injection of

5nmol/rat motilin 20min, the cumulative food intake compared

with ACSF-treated controls of cumulative food intake (p<0.05,Fig.

1). After PVN injection of 5nmol/rat motilin 1h and 2 h , the cu-

mulative food intake compared with ACSF-treated controls of cu-

mulative food intake (p<0.01,Fig. 1). After PVN injection of

0.05nmol/rat motilin 2 h, the cumulative food intake compared

with ACSF-treated controls of cumulative food intake (p<0.05,

Fig. 1).PVN injection of motilin increased food intake. The highest

dose of motilin, 5nmol, produced a significant increase in food in-

take at 1h and 2 h after PVN injection (P < 0.01). The lower dose

of rat motilin, 0.05nmol, produced a delayed significant increase

in food intake (Fig. 1). Therefore 5nmol /rat motilin appeared to be

the threshold dose. Control PVN injection of rat ACSF had no ef-

fect (Fig. 1). After PVN co-injection of 5nmol/rat motilin and

GM109 0.005nmol 20 min, the cumulative food intake compared

with ACSF-treated controls of cumulative food intake (p<0.05,

Fig. 2). After PVN co- injection of 5nmol/rat motilin and GM109

0.005nmol 1h and 2 h, the cumulative food intake compared with

ACSF-treated controls of cumulative food intake (p<0.01,Fig.2).

This effect of motilin (5nmol/rat) was antagonized by the simulta-

neous PVN administration of the motilin receptor antagonist

GM-109 (0.005-5nmol/rat) in a dose-related manner ( p＜ 0.01 at

1h and 2 h by doses of 5nmol motilin and 0.005nmol GM-109 or

5nmol motilin and 0.05nmol GM-109; Bonferroni's t-test; p ＜

0.05 at 2 h by doses of 5nmol motilin and 0. 5nmol GM-109 ;

Bonferroni's t-test; Fig. 2). After 7days of treatment with motilin

(0.05-5nmol/rat)and GM-109 (0.05-5nmol/rat), body weight in-

creased [F(8, 45), p＞0.05, Bonferroni's t-test; Fig. 3,4.] compare

with that of ACSF-treated controls (not significant). GM-109 is a

cyclic peptide and a highly selective motilin receptor antagonist in

the smooth muscle of the rabbit small intestine [13]. IP injection of

motilin (0.005-5nmol /rat), in contrast did not increase food intake

in nonfood-deprived rat. GM-109 alone at doses of 0.005-5nmol /

rats had no effect on food intake[5].

461· ·



现代生物医学进展 www.shengwuyixue.com Progress inModern Biomedicine Vol.11 NO.3 FEB.2011

3 Discussion
The present study demonstrated that PVN injections of

motilin were highly effective in increasing food intake in non-food
deprived rats. The aim of the present study was to investigate the
effect of PVN motilin administration on food intake and weight
gain in rats.

The hypothalamus is critical in the relaying of afferent signals
from the gut and brainstem as well as processing efferent signals
that modulate food intake and energy expenditure. The hypothala-
mus is subdivided into interconnecting nuclei, including Arc, par-

aventricular nucleus (PVN), ventromedial nucleus (VMN), dorso-
medial nucleus (DMN) and lateral hypothalamic area (LHA). Neu-
ronal pathways between these nuclei are organized into a complex
network in which orexigenic and anorexigenic circuits influence
food intake and energy expenditure.

The paraventricular nucleus (PVN) is adjacent to the superior
part of the third ventricle in the anterior hypothalamus. The PVN
is the main site of corticotrophin releasing hormone (CRH) and
thyrotropin releasing hormone (TRH) secretion. Numerous neu-
ronal pathways implicated in energy balance converge in PVN, in-
cluding major projections from NPY neurons of the ARC, Orex-
ins, POMC derivative a-melanocyte stimulating hormone (a-MSH)
and the appetite stimulating peptide galanin. Thus PVN plays a
role in the integration of nutritional signals[14]. PVN motilin admin-
istration increased feeding in a dose-dependent manner. Motilin
has previously been found to have induced appetite effect in rats [5].
Previous work showed that motilin increased food intake when in-
jected into intracerebroventricular (ICV) [15]. Motilin might modu-
late neuronal excitability of the myenteric plexus, leading to the
control of interdigestive migrating contractions. Feeding behavior
is regulated by neurotransmitters and neuromodulators in the cen-
tral nervous system as well as blood-borne factors. Ghrelin, like
motilin, was capable of inducing phase 3 of the MMC and of ac-
celerating gastric emptying in man and in rodents [16-20]. In rats, the
motor effects in vivo are blocked by vagotomy [17], It has become
evident that motilin exerts its effect in the period after digestion
and absorption have finished, and induces strong phasic contrac-
tions in the stomach, and stimulates enzyme secretion from the
stomach and pancreas, and also stimulates the endocrine pancreas
to release somatostatin [21,22,] IP injection of motilin (0.005-5
nmol/rat) did not increase food intake in nonfood-deprived mice.
GM-109 alone with the doses of 0.005-5nmol/mouse had no effect
on food intake [5]. The hypothalamic paraventricular nucleus and

Fig. 2 Effects of motilin (5 nmol/rat) or motilin (5 nmol/rat) + GM109

(0.005-5nmol/rat) injected PVN on cumulative food intake in

nonfood-deprived rats. The number of rats used are six per each group.

# p＜0.05,##p＜0.01, the motilin (5 nmol/rat) alone group and the motilin

(5 nmol/rat) +GM109 (0.005nmol/rat) compared to the ACSF control

group by Bonferroni's t-test. * p＜0.05, * *p＜0.01, the motilin

(5 nmol/rat) + GM109(0.5-5nmol/rat) compared to the motilin (5nmol/rat)

+ G M109(5nmol/rat) by Bonferroni's t-test.

Fig. 3: Effects of motilin (0.05-5nmol/rat) injected PVN on gained body

weight . Daily administration of the motilin(0.05-5nmol/rat)group

compared to the ACSF control group by Bonferroni's t-test. p＞0.05, no

significant. Data are means±S.E. (n = 6).

Fig. 4: Effects of motilin and a mixture of motilin and GM-109

microinjected into PVN on gained body weight. . Daily administration of

the motilin 5nmol group compared to the mixture of motilin and GM-109

group by Bonferroni's t-test. p＞0.05, no significant. Data are means±S.

E. (n = 6)
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PVN motilin participate in the central control of gastric motility[23].
Thus, based on previous and present data, it can be concluded that
PVN injection motilin stimulates contractions, induces Phase II-
I-like contractions migrate, motilin may be one of the orexigenic
peptides, at least when administered into the brain [5]. Therefore,
motilin might attributable to gastric emptying, thus stimulate food
intake , on the other hand, because of gastric emptying maybe fast
and frequent，decreasing the volume of gastric contents, food with-
out enough time to absorb , therefore, body weight gain not signif-
icant[24].
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下丘脑室旁核胃动素对消化功能影响的研究 *
崔海燕 徐 珞△ 周海峰

（青岛大学医学院病理生理教研室 青岛山东 266021）

摘要 目的：研究下丘脑室旁核注入胃动素及其拮抗剂对大鼠消化功能和体重增长的研究。方法：将剂量为 0.005-5nmol的 motilin
和 GM109注入大鼠下丘脑室旁核，1小时后可观察到大鼠摄食量显著增加并持续到两小时后。进食量的计算是通过预先称量好
的鼠粮和应用药物 20分钟、1小时、两小时后剩余数量比较而得出。实验持续一周。将实验组和对照组的进食量和体重进行比较。
结果：室旁核注入胃动素 5nmol的实验组和合并应用 GM1090.005nmol的实验组在应用药物后 1小时和 2小时，可观察到摄食量
显著增加(p＜0.01),一周后体重也增加(p＞0.05)，然而摄食量的增加有显著性差异，体重的增加并无显著性差异。其他实验组也没
有观察到显著性差异。结论：胃动素有调节消化运动，促进胃肠排空，促进食欲的作用。可能由于胃肠排空是频繁的，没有充裕的
时间消化吸收，从而体重增加无显著性差异。
关键词：胃动素；室旁核；摄食；GM109；脑
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