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Background: Acyl ghrelin-induced intake depends on hypothalamic neuropeptide Y and 

agouti-related protein (AgRP) neurotransmitters. Intracerebroventricular (ICV) injection of 

AgRP increases feeding through competitive antagonism at melanocortin receptors. ICV 

administration of α-melanocyte stimulating hormone (α-MSH), a natural antagonist of AgRP, 

may modulate the acyl ghrelin-induced orexigenic effect.

Objective: This study aimed to investigate the modulating effect of α-MSH on the central acyl 

ghrelin-induced food intake, gastrointestinal motility, and colonic secretion in rats.

Methods and procedures: We examined the effects of α-MSH and acyl ghrelin on food 

intake, gastric emptying, small intestinal transit, colonic motility, and secretion in conscious 

rats with a chronic implant of ICV catheters.

Results: ICV injection of O-n-octanoylated ghrelin (0.1 nmol/rat) significantly increased 

the cumulative food intake up to 8 h (P,0.01), enhanced non-nutrient semi-liquid gastric 

emptying (P,0.001), increased the geometric center and running percentage of small intestinal 

transit (P,0.001), accelerated colonic transit time (P,0.05), and increased fecal pellet output 

(P,0.01) and total fecal weight (P,0.01). Pretreatment with ICV injection of α-MSH (1.0 

and 2.0 nmol/rat) attenuated the acyl ghrelin-induced hyperphagic effect, fecal pellet output, 

and total fecal weight, while higher dose of α-MSH (2.0 nmol/rat) attenuated the increase in 

the geometric center of small intestinal transit (P,0.01). However, neither dose of α-MSH 

altered acyl ghrelin-stimulated gastroprokinetic effect, increase in the running percentage of 

small intestinal transit, nor accelerated colonic transit time.

Conclusion: α-MSH is involved in central acyl ghrelin-elicited feeding, small intestinal tran-

sit, fecal pellet output, and fecal weight. α-MSH does not affect central acyl ghrelin-induced 

acceleration of gastric emptying and colonic transit time in rats.

Keywords: acyl ghrelin, colon transit time, fecal pellet output, food intake, gastric emptying, 

intracerebroventricular, small intestinal transit, α-melanocyte stimulating hormone

Introduction
Acyl ghrelin, a 28-amino acid peptide, was first isolated from the stomach and is 

expressed in the intestine, pancreas, lungs, heart, adipose tissue, and hypothalamic 

regions (including the arcuate nucleus and pituitary).1,2 Acyl ghrelin is also involved in 

modulating cardiovascular apoptosis,3 reproduction,4 bone marrow adipogenesis,5 and 

proliferation of pancreatic β-cells and human cells.6 It is the first known endogenous 

ligand acting across the blood–brain barrier7 on growth hormone (GH) secretagogue 

receptors (GHS-R) and ghrelin-immunoreactive neurons in the hypothalamic arcuate 

nucleus.1 In addition to stimulating the release of GH, acyl ghrelin activates the release 
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of neuropeptide Y (NPY) and agouti-related protein (AgRP) 

because GHS-R are present on almost all NPY/AgRP neurons 

in arcuate nuclei.8,9 Acyl ghrelin induces the expression of 

NPY and AgRP mRNA in the hypothalamus and stimulates 

food intake and body weight gain.10–12 At present, acyl ghrelin 

is the only known peripheral signal that elicits food intake 

in humans.13,14

The effects of acyl ghrelin on food intake depend on 

hypothalamic NPY and AgRP neurotransmitters, two potent 

orexigenic peptides.15,16 Chemical ablation of GH, NPY, and 

AgRP with monosodium glutamate in the hypothalamic 

arcuate nucleus attenuates increases of ghrelin-induced food 

intake.17 In AgRP−/−NPY−/− double-knockout mice, peripheral 

acyl ghrelin fails to elicit hyperphagia.16 Ghrelin-induced 

increase in foraging and food intake is not always attenu-

ated by the NPY Y1 antagonist, 1229U91.18 NPY−/− single-

knockout mice show severely compromised ghrelin-induced 

food intake, and this effect can be partially compensated by 

AgRP activity.16 Intracerebroventricular (ICV) injection of 

AgRP increases feeding19 that is mediated by competitive 

antagonism at melanocortin receptors (MCRs).20 AgRP is a 

potent antagonist of MCRs involved in weight regulation.21,22 

α-melanocyte stimulating hormone (α-MSH), a natural 

antagonist of AgRP, stimulates MCRs in the hypothalamus23 

and is considered a stable agonist on modulating the food 

intake. ICV injection of α-MSH significantly suppresses 

food intake.19,24,25 ICV administration of α-MSH modulates 

ghrelin-induced orexigenic effect.26 ICV injection of AgRP 

abrogates the α-MSH–induced decrease in food intake.19 

To date, the influences of AgRP activity and its interactions 

with acyl ghrelin on food intake, gastric emptying, small 

intestinal motility, as well as colonic motor and secretory 

functions remain poorly understood.

ICV injection of ghrelin has a potent orexigenic effect 

and diminishes GH release, unlike peripheral injection of 

ghrelin, which increases the GH release.17 ICV injection of 

acyl ghrelin is a good model to study the role of AgRP in 

the ghrelin-induced hyperphagic effect and gastrointestinal 

motility. In this study, we used α-MSH to modulate the regu-

lation of ICV acyl ghrelin-induced increase in food intake, 

gastric emptying, the geometric center of small intestinal 

transit, as well as colonic motor and secretory functions in 

conscious rats.

Materials and methods
Animals
Male Sprague Dawley rats weighing 250–320 g (7–8 weeks 

old) were obtained from National Yang-Ming University 

Laboratory Animal Center, Taipei, Taiwan. The rats were 

kept in rooms with controlled illumination (light period: 

8 AM–8 PM), humidity (60%±10%), and temperature 

(22.5°C±1.5°C) with free access to water and laboratory 

chow pellets (BioLASCO Taiwan Co., Ltd., Taipei, Taiwan). 

This study was approved by the Institutional Animal Care 

and Use Committee (IACUC) of the Taipei Veterans General 

Hospital, Taiwan, and all the experiments were conducted 

after 8 AM in conscious rats and were in accordance with 

the guidelines approved by the IACUC.

Implantation of an ICV catheter
For this purpose, the rats were anesthetized with intraperi-

toneal (IP) injection of sodium pentobarbital (50 mg/kg, 

Nembutal; Abbott Laboratories, Abbott Park, IL, USA) 

and were placed in a stereotaxic apparatus (Benchmark™; 

myNeuroLab, St Louis, MO, USA); then, they received an 

implant of a guide cannula (25-gauge; Eicom, Kyoto, Japan), 

which reached the right lateral ventricle. The coordinates in 

the stereotaxic apparatus were 0.8 mm posterior to bregma, 

1.4 mm right lateral to the midline, and 4.5 mm below the 

outer surface of the skull using a stereotaxic frame with the 

incisor bar set within the horizontal plane passing through 

the bregma and lambda.27,28 Securing of the guide cannula, 

insertion of a dummy cannula (Eicom) into the guide cannula, 

and placement of a screw cap (Eicom) were performed as 

described in our previous studies.29,30 The rats were isolated 

and given at least 7 days for full recovery before performing 

the studies of food intake, gastric emptying, small intestinal 

transit, colonic transit time (CTT), fecal pellet output, and 

total fecal weight after the implantation of ICV catheters. All 

ICV injections lasted for 60 s in the total volume of 10 μL 

via AMI-5 (Eicom).

Implantation of the colonic catheter
The rats were anesthetized by IP administration of sodium pen-

tobarbital (50 mg/kg, Nembutal; Abbott Laboratories). After 

laparotomy of the lower abdomen, the proximal colon was 

exposed and a catheter (3 Fr, 1 mm diameter; ATOM, Tokyo, 

Japan) was implanted into the proximal colon, 2 cm distal  

from the cecocolonic junction.31–34 The catheter was fixed 

with a purse-string suture at the colonic wall and routed sub-

cutaneously to the interscapular region, exteriorized through 

the skin, and secured together with an intravenous catheter 

for intracolonic administration of the dye marker.31–34 The 

animals were allowed to recover for 7 days before simultane-

ous measurement of colonic motor and secretory functions 

was performed.
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Preparation of drugs
Rat O-n-octanoylated ghrelin (American Peptide Co., Sunny-

vale, CA, USA) and α-MSH (Tocris Bioscience, Bristol, 

UK) were kept in powder form at -20°C, and dissolved in 

sterile, pyrogen-free 0.9% saline (Otsuka, Tokyo, Japan) 

immediately before use.

Food intake analysis
The measurement of food intake was performed as in our 

previous studies with a slight modification.27,28 In short, the 

cumulative food intake was recorded and calculated at 1, 2, 

4, 8, 12, and 24 h immediately after ICV injection. The total 

volume of ICV injection was 10 μL for each rat. Food intake 

was determined by measuring the difference between the 

preweighed standard chow and the weight of chow at each 

time point. At least 7 days before the food intake tests, all rats 

were allowed to fully acclimate to the environments. Light-

phase experiments on freely fed rats were started at 8 AM. 

Before the tests, the rats were given free access to food and 

water (were freely fed). A standard diet (BioLASCO Taiwan 

Co., Ltd.) was provided.

Gastric emptying and small intestinal 
transit of a charcoal, non-nutrient, 
semi-liquid meal
After deprivation of food for 16 h with free access to water, 

non-nutrient semi-liquid gastric emptying was measured in 

conscious rats (food-deprived rats). The total volume of ICV 

injection was 10 μL for each rat. Fifteen minutes after ICV 

injection, conscious rats were gavaged via a catheter (PE-205, 

inner diameter: 1.67 mm, outer diameter: 2.42 mm; Clay-

Adam, Parsippany, NJ, USA) with a test meal containing 

Na
2
51CrO

4
 (0.5 μCi/mL) and 10% charcoal in physiologic 

saline (3 mL/kg) on the day of the experiment (at ~9 AM). The 

test meal was continuously stirred before intubation. Addi-

tional air (0.5 mL) was added to flush the residual charcoal 

suspension remaining in the catheter. Thirty minutes later, 

the rats were decapitated.30 The details are described else-

where.35 The radioactivity of the stomach and each segment 

of the small intestine was measured in an automatic γ counter 

(1470  Wizard; Pharmacia, Turku, Finland). Semi-liquid 

gastric emptying was calculated as: (total radioactivity in the 

small intestine/total radioactivity in the stomach and small 

intestine) ×100%, at 30 min after gavage.35 Small intestinal 

transit was assessed by analyzing the geometric centric center 

of radioactivity distribution with the 10 equal segments. The 

geometric center was calculated by summation of radioactiv-

ity percentages measured in each segment multiplied by the 

segment number.35 The running percentage of the small intes-

tine was calculated as the front, which indicated the leading 

edge of charcoal moving within the intestine.35

Colonic motor and secretory function 
tests
Simultaneous measurement of the CTT, fecal pellet 
output, and total fecal weight
The methods used for measurements of colonic motor 

and secretory functions were modified from our previous 

studies.31–34 The rats were accustomed to single housing 

for 7 days before the experiment. We used an enteral non-

absorbable dye marker, trypan blue, to calculate the CTT 

(Sigma Chemical Co., St Louis, MO, USA). Trypan blue 

(0.2 mL) was injected into the proximal colon through the 

positioned catheter, and followed by a 0.2 mL saline flush 

for 10 min after the ICV injection of acyl ghrelin (1.0 nmol/

rat). The CTT was defined as the time interval between the 

dye injection and the discharge of the first blue pellet.

The total number of pellets was recorded for 1 h following 

the intracolonic injection of trypan blue. The total fecal mate-

rial was collected for 1 h following the intracolonic injection 

of trypan blue, weighed, and then desiccated overnight at 

50°C. The fecal fluid and solid output were calculated from 

the total and dry weights.31,32,34

Experimental protocols
Analysis of the effects of ICV injection of 
O-n-octanoylated ghrelin and α-MSH on food intake
In the first experiment, food intake of conscious rats was 

measured in a freely fed state. The vehicle (5 μL of saline) 

or α-MSH (1.0 or 2.0 nmol/rat) was injected ICV just 

before the administration of another vehicle (5 μL saline) 

or O-n-octanoylated ghrelin (0.1 nmol/rat), performed as 

in our previous studies.27,36 The cumulative food intake was 

recorded at 1, 2, 4, 8, 12, and 24 h after the injection. The 

optimal dose of O-n-octanoylated ghrelin (0.1 nmol/rat) was 

chosen according to the dose–response relation determined 

in our previous food intake experiments in conscious freely 

fed rats.27,28 The ratio of α-MSH/O-n-octanoylated ghrelin 

was derived from data described in our previous study.27,29

Analysis of the effects of ICV injection of O-n-
octanoylated ghrelin and α-MSH on gastric emptying
In the second experiment, the vehicle (5 μL saline) or α-MSH 

(1.0 or 2.0 nmol/rat) was injected ICV immediately before 

the administration of another vehicle (5 μL saline) or O-n-

octanoylated ghrelin (0.1 nmol/rat). The optimal dose of 
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O-n-octanoylated ghrelin (0.1 nmol/rat) in terms of the effect 

on gastric emptying was chosen according to our previous 

study.30 The ratio of α-MSH/O-n-octanoylated ghrelin was 

derived from data described in our previous study.29,36

Analysis of the effects of ICV injection of O-n-
octanoylated ghrelin and α-MSH on the geometric 
center and running percentage of small intestinal 
transit
In the third experiment, the vehicle (5 μL saline) or α-MSH 

(1.0 or 2.0 nmol/rat) was injected ICV just before the admin-

istration of another vehicle (5 μL saline) or O-n-octanoylated 

ghrelin (0.1 nmol/rat). The optimal dose of O-n-octanoylated 

ghrelin (0.1 nmol/rat) in terms of the effect on the geometric 

center and running percentage was modified according to 

our previous study.35 The ratio of α-MSH/O-n-octanoylated 

ghrelin was derived from our previous data.29,36

Analysis of the effects of ICV injection of O-n-
octanoylated ghrelin and α-MSH on the colonic 
motor and secretory functions
In the fourth experiment, the rats received an ICV injection 

of the vehicle (5 μL saline) or α-MSH (1.0 or 2.0 nmol/rat) 

just before the administration of another vehicle (5 μL saline) 

or O-n-octanoylated ghrelin (0.1 nmol/rat). The dose of O-n-

octanoylated ghrelin (0.1 nmol/rat) was chosen from the 

experiments of gastric emptying and small intestinal transit. 

The ratio of α-MSH/O-n-octanoylated ghrelin was derived 

from our previous data.29,36

Statistical analyses
All results were expressed as mean ± standard error of the 

mean. One-way analysis of variance followed by the Student–

Newman–Keuls post hoc test was used to analyze differences 

among groups, when we analyzed one-variable experiments 

with more than two groups. Differences were considered 

statistically significant at P,0.05.

Results
Effects of ICV injection of O-n-
octanoylated ghrelin and α-MSH on 
spontaneous food intake in freely fed rats
In our study, ICV injection of α-MSH (1.0 and 2.0 nmol/rat) 

showed a tendency to decrease the cumulative food intake at 

1, 2, 4, and 8 h (P.0.05, Figure 1A–D) and of 1.0 nmol/rat 

α-MSH significantly decreased food intake at 12 h, compared 

to the vehicle group (P,0.05, Figure 1E).

On the other hand, ICV injection of O-n-octanoylated 

ghrelin (0.1 nmol/rat) significantly increased the cumulative 

food intake at 1, 2, 4, and 8 h as compared with the vehicle 

group (P,0.001, Figure 1A–D). ICV injection of O-n-

octanoylated ghrelin (0.1 nmol/rat) did not increase the 

food intake at 12 and 24 h (P.0.05, Figure 1E and F). ICV 

injection of α-MSH (1.0 nmol/rat) significantly attenuated 

the ghrelin-induced increase of food intake at 1, 2, 4, and 

8 h (P,0.05, Figure 1A–D). Moreover, ICV injection of 

α-MSH (2.0 nmol/rat) significantly decreased the intake 

at 1 h (P,0.001, Figure 1A), 2 h (P,0.05, Figure 1B), 4 h 

(P,0.05, Figure 1C), 8 h (P,0.01, Figure 1D), and at 12 h 

(P,0.01, Figure 1E).

Effects of ICV injection of O-n-
octanoylated ghrelin and α-MSH on 
gastric emptying
ICV injection of O-n-octanoylated ghrelin (0.1 nmol/rat) 

significantly enhanced non-nutrient semi-liquid gastric 

emptying, as compared with the vehicle group (P,0.001, 

Figure 2). In contrast, ICV injection of α-MSH (1.0 and 

2.0 nmol/rat) did not affect gastric emptying. Further-

more, pretreatment with ICV injection of α-MSH (1.0 and 

2.0 nmol/rat) failed to modify the acyl ghrelin-induced 

gastroprokinetic effect (P.0.05, Figure 2).

Effects of ICV injection of O-n-
octanoylated ghrelin and/or α-MSH 
on the geometric center and running 
percentage of small intestinal transit
ICV injection of O-n-octanoylated ghrelin (0.1 nmol/rat) 

significantly increased the geometric center and running 

percentage of small intestinal transit, as compared with 

the vehicle (P,0.001, Figure 3A and B). By contrast, ICV 

injection of α-MSH (1.0 and 2.0 nmol/rat) did not affect 

small intestinal transit in terms of either geometric center 

or running percentage. ICV injection of α-MSH at a higher 

dose, 2.0 nmol/rat, significantly attenuated the central acyl 

ghrelin-induced increase in the geometric center of small 

intestinal transit (P,0.001, Figure 3A). On the other hand, 

ICV injection of α-MSH (1.0 and 2.0 nmol/rat) failed to 

alter the central acyl ghrelin-induced increase in the running 

percentage of small intestinal transit (P.0.05, Figure 3B).

Effects of ICV injection of O-n-
octanoylated ghrelin and/or α-MSH on 
the CTT, fecal pellet output, total fecal 
weight, fecal fluid and dried solid weight
ICV injection of O-n-octanoylated ghrelin (0.1 nmol/rat) 

significantly decreased the CTT (P,0.05, Figure 4) and 
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increased the fecal pellet output (P,0.01, Figure 5), total 

fecal weight (P,0.01, Figure 6), and fecal dried solid 

weight (P,0.01, Figure 7). In contrast, ICV injection of 

α-MSH (1.0 and 2.0 nmol/rat) did not affect the CTT, fecal 

pellet output, total fecal weight, fecal fluid weight, or fecal 

dried solid weight. Furthermore, ICV injection of α-MSH 

(1.0 and 2.0 nmol/rat) had no effect on the ghrelin-induced 

decrease in CTT (Figure 4) or fecal fluid weight (Figure 8). 

However, ICV injection of α-MSH (1.0 and 2.0 nmol/rat) 

significantly attenuated the ghrelin-induced increase in fecal 

pellet output and total fecal weight (P,0.05, Figure 5 and 

P,0.01, Figure 6). ICV injection of α-MSH (1.0 nmol/rat) 

also significantly decreased the ghrelin-induced increase in 

fecal dried solid weight (P,0.05, Figure 7).

Discussion
In our study, ICV injection of O-n-octanoylated ghrelin 

(0.1 nmol/rat) significantly increased the cumulative food 

α α

α α

α α

Figure 1 The effects of ICV injection of O-n-octanoylated ghrelin and α-MSH (1.0 or 2.0 nmol/rat) on cumulative food intake in freely fed rats. After ICV injection of saline 
(vehicle) or α-MSH, O-n-octanoylated ghrelin was injected ICV immediately, and cumulative food intake was measured at 1, 2, 4, 8, 12, and 24 h.
Notes: The results are shown in (A–F), respectively. Data are presented as mean ± SEM; *P,0.05, **P,0.01, ***P,0.001, compared to the vehicle-injected group; #P,0.05, 
##P,0.01, ###P,0.001, compared to the O-n-octanoylated ghrelin-injected control group. n=12 rats in each group.
Abbreviations: α-MSH, α-melanocyte stimulating hormone; ICV, intracerebroventricular; SEM, standard error of the mean.
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intake at 1, 2, 4, and 8 h, whereas ICV injection of α-MSH 

(1.0 and 2.0 nmol/rat), a natural antagonist of AgRP, sig-

nificantly attenuated the central acyl ghrelin-elicited food 

intake. In addition, O-n-octanoylated ghrelin significantly 

accelerated the rate of semi-liquid gastric emptying at 30 min 

and increased the geometric center and the running percent-

age of small intestinal transit. Our study first showed that 

α-MSH (2.0 nmol/rat) significantly attenuated the increase 

in the geometric center, but not in the running percentage of 

the small intestinal transit induced by central acyl ghrelin. 

α-MSH also attenuated the central acyl ghrelin-induced 

increase in fecal pellet output, total fecal weight, and fecal 

dried solid weight, but not the CTT or fecal fluid weight. 

In  summary, the orexigenic properties of AgRP and the 

anorectic effect of α-MSH are both mediated by MCRs. 

Central administration of an MCR antagonist has been 

reported to prevent cachexia-related symptoms37 and reverse 

cancer anorexia.38

In the food intake experiment, plasma acyl ghrelin 

concentration was demonstrated to be low in freely fed rats 

because plasma acyl ghrelin reached a peak during fasting39,40 

and decreased to the nadir level postprandially.41 Both 

IP and ICV administration of ghrelin stimulate increased 

food intake quickly,42 but the effect of ICV administration 

persisted for 8 h.27,42 Our results revealed that ICV injection 

of acyl ghrelin significantly increased food intake at 1, 2, 

4, and 8 h in freely fed rats and did not increase intake at 

12 or 24 h; these results agree with our previous results27 

and the results of others.18,42 This finding confirmed acyl 

ghrelin-induced hyperphagia.27,28,42 Centrally administered 

acyl ghrelin significantly induced increase in food intake 

for up to 8 h27,42 and was suppressed by α-MSH (2.0 nmol/

rat) administration at 2 h.26 Our results show an extended 

suppression effect of 1.0 and 2.0 nmol/rat α-MSH for up to 

8 h. These results are compatible with ICV administration 

of α-MSH alone having a dose-dependent (1–6 nmol/rat) 

reducing effect on food intake for up to 8 h and no effect 

α
Figure 2 The effects of ICV injection of O-n-octanoylated ghrelin and α-MSH (1.0 
or 2.0 nmol/rat) on 30 min charcoal, non-nutrient, semi-liquid gastric emptying rate 
in conscious rats deprived of food for 16 h.
Notes: After ICV injection of saline (vehicle) or α-MSH (1.0 or 2.0 nmol/rat), 
O-n-octanoylated ghrelin was ICV injected immediately. O-n-octanoylated ghrelin 
(0.1 nmol/rat) significantly enhanced gastric emptying. α-MSH (1.0 or 2.0 nmol/rat) 
had no effect of attenuating on the enhancement of gastric emptying induced by O-n-
octanoylated ghrelin. Data are presented as mean ± SEM. ***P,0.001, compared to 
the vehicle-injected group. n=8 rats in each group.
Abbreviations: α-MSH, α-melanocyte stimulating hormone; ICV, intracerebroven
tricular; SEM, standard error of the mean.

α α

Figure 3 The effects of ICV injection of O-n-octanoylated ghrelin and α-MSH (1.0 or 2.0 nmol/rat) on the geometric center and the running percentage of small intestinal 
transit in 16 h food-deprived conscious rats.
Notes: ICV injection of O-n-octanoylated ghrelin significantly increased the geometric center of small intestinal transit, and 2 nmol/rat α-MSH significantly attenuated this 
stimulation (A). Note that the accelerated effect on the running percentage of small intestinal transit induced by ICV injection of O-n-octanoylated ghrelin was not attenuated 
by ICV α-MSH (B). Data are presented as mean ± SEM. ***P,0.001, compared to the vehicle-injected group; ##P,0.01, compared to the O-n-octanoylated ghrelin-injected 
control group. n=8 rats in each group.
Abbreviations: α-MSH, α-melanocyte stimulating hormone; ICV, intracerebroventricular; SEM, standard error of the mean.
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at 24 h.43 Our results suggested that α-MSH, by influencing 

AgRP activity, partly abrogated the effect of acyl ghrelin 

on food intake.

In the gastric emptying experiment, plasma acyl ghrelin 

was elevated in food-deprived rats,39 while the NPY/AgRP 

neurons were in the activated state. Acyl ghrelin has been 

reported to accelerate gastric emptying in conscious food-

deprived rats30,36 and humans.44,45 Our results are in agreement 

with these data. The ghrelin-increased gastric emptying 

may be mediated by the vagal nerve or the enteric neural 

pathway and their afferent activity.46,47 Peripheral injection 

of acyl ghrelin induces fasted-state motor activity in both 

stomach and duodenum, whereas the acyl ghrelin-induced 

stimulation of stomach and duodenum is blocked by immu-

noneutralization of NPY in the brain of rats.48 On the other 

hand, NPY alone has been demonstrated to suppress gastric 

α
Figure 4 The effects of ICV injection of O-n-octanoylated ghrelin and α-MSH 
(1.0 or 2.0 nmol/rat) on CTT.
Notes: ICV injection of O-n-octanoylated ghrelin significantly decreased CTT. 
α-MSH (1.0 or 2.0 nmol/rat) had no effect on the decrease of CTT induced by O-n-
octanoylated ghrelin. Data are presented as mean ± SEM. *P,0.05, compared to the 
vehicle-injected group. n=8 rats in each group.
Abbreviations: α-MSH, α-melanocyte stimulating hormone; CTT, colonic transit 
time; ICV, intracerebroventricular; SEM, standard error of the mean.

α
Figure 5 The effects of ICV injection of O-n-octanoylated ghrelin and α-MSH (1.0 or 
2.0 nmol/rat) on fecal pellet output.
Notes: ICV injection of O-n-octanoylated ghrelin significantly increased fecal pellet 
output. α-MSH (1.0 or 2.0 nmol/rat) attenuated the increase in fecal pellet output 
induced by acyl ghrelin. Data are presented as mean ± SEM. **P,0.01, compared 
to the vehicle-injected group; #P,0.05, compared to the O-n-octanoylated ghrelin-
injected control group. n=8 rats in each group.
Abbreviations: α-MSH, α-melanocyte stimulating hormone; ICV, intracere
broventricular; SEM, standard error of the mean.

α
Figure 6 The effects of ICV injection of O-n-octanoylated ghrelin and α-MSH (1.0 or 
2.0 nmol/rat) on total fecal weight.
Notes: ICV injection of O-n-octanoylated ghrelin significantly increased total fecal 
weight. α-MSH (1.0 or 2.0 nmol/rat) attenuated the increase in total fecal weight 
induced by acyl ghrelin. Data are presented as mean ± SEM. **P,0.01, compared 
to the vehicle-injected group; ##P,0.01, compared to the O-n-octanoylated ghrelin-
injected control group. n=8 rats in each group.
Abbreviations: α-MSH, α-melanocyte stimulating hormone; ICV, intracere
broventricular; SEM, standard error of the mean.

α

Figure 7 The effects of ICV injection of O-n-octanoylated ghrelin and α-MSH (1.0 or 
2.0 nmol/rat) on fecal dried solid weight.
Notes: ICV injection of O-n-octanoylated ghrelin significantly increased fecal dried 
solid weight. α-MSH (1.0 nmol/rat) attenuated the increase in fecal dried solid weight 
induced by acyl ghrelin. Data are presented as mean ± SEM. *P,0.05, compared to 
the vehicle-injected group; #P,0.05, compared to the O-n-octanoylated ghrelin-
injected control group. n=8 rats in each group.
Abbreviations: α-MSH, α-melanocyte stimulating hormone; ICV, intracere
broventricular; SEM, standard error of the mean.
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emptying49,50 and small intestinal transit49 in rats, but has no 

significant effect on gastric emptying in humans.51 Contrary 

to the comprehensive exploration of NPY, little is known 

about the influence of AgRP on gut motility. Our study is 

the first report to show the influence of α-MSH on gastric 

emptying and small intestinal transit in rats. In our study, 

α-MSH did not alter the gastric emptying accelerated by 

central acyl ghrelin stimulation. These results indicate that 

central acyl ghrelin-induced acceleration of gastric emptying 

is not mediated by MCRs in the brain.

The geometric center and the running percentage of 

small intestine were calculated in food-deprived rats, and 

the plasma levels of acyl ghrelin were expected to be 

elevated.39,40 Administration of acyl ghrelin has been reported 

to accelerate intestinal transit46,52 and to have the ability to 

normalize the burn-induced delay in intestinal transit.53 

α-MSH induced the release of peptide YY,54 while peptide 

YY had the ability to inhibit the intestinal transit.55,56 In our 

study, ICV injection of acyl ghrelin significantly increased 

both the geometric center and the running percentage of 

small intestinal transit. Furthermore, higher dose of α-MSH 

(2 nmol/rat) significantly attenuated the central acyl ghrelin-

induced increase in the geometric center, but not the running 

percentage, of small intestinal transit. These results support 

the hypothesis that central acyl ghrelin-induced increase of 

small intestinal transit is at least partly mediated by MCRs 

in the brain.

The colonic motor function is usually evaluated by mea-

suring CTT and fecal pellet output. The use of trypan blue 

is a good method for measuring the entire colonic motor 

function,57,58 as shown in our previous studies.33,34 Measuring 

the fecal pellet output is an easy and simple method of 

assessing colonic motor function.59,60 ICV injection of acyl 

ghrelin has been proposed to decrease the CTT33,58 and 

increase the fecal pellet output.33 Central administration of 

ghrelin has been shown to modulate the peripheral gastro-

intestinal motor functions at the paraventricular nucleus via 

the NPY1 receptor mechanism.57,58 The orexigenic effect of 

acyl ghrelin has been shown through NPY/AgRP neurons 

in the hypothalamus.10–12 However, the effect of central 

acyl ghrelin through AgRP on colonic motor functions via 

MCRs is still uninvestigated. Our study showed that α-MSH 

did not restore central acyl ghrelin-induced accelerated 

CTT, but attenuated the increase in fecal pellet output and 

total fecal weight. These results suggested that central acyl 

ghrelin-induced enhancement of distal colonic motility and 

colonic secretion is, at least partly, mediated by MCRs in 

the brain. As MCRs have been reported to be hyperactive 

in cancer cachexia,61 and plasma levels of acyl ghrelin have 

been shown to be compensatory but insufficiently increased 

in tumor-bearing rats compared to paired-fed controls,62 the 

interplays between acyl ghrelin and MCRs from our studies 

may provide a new therapeutic avenue for ameliorating 

anorexia and constipation during human negative energy 

balance conditions.

Conclusion
This study is the first to show the influence of α-MSH (and 

its interplay with acyl ghrelin) on non-nutrient semi-liquid 

gastric emptying and small intestinal transit in rats. ICV 

injection of acyl ghrelin elicited food intake, accelerated 

gastric emptying, increased the geometric center and running 

percentage of small intestinal transit, decreased CTT, and 

increased fecal pellet output, total fecal weight, and fecal 

dried solid weight. α-MSH attenuated central acyl ghrelin-

induced stimulation of hyperphagia, increase in geometric 

center of small intestinal transit, and increase in fecal pellet 

output and total fecal weight, but failed to modify central acyl 

ghrelin-induced acceleration of gastric emptying, increase 

in the running percentage of small intestinal transit, and 

decrease in CTT.
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