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혈류가 유지된 채 분리된 흰 쥐 결장에 대한 Urocortin 1의 영향
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The Effect of Urocortin 1 on Motility in Isolated, Vascularly Perfused Rat Colon
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Background/Aims: Urocortin 1, a corticotropin-releasing factor related peptide, increases colonic motility under stressful 
conditions. We investigated the effect of urocortin 1 on colonic motility using an experimental model with isolated rat colon 
in which the blood flow and intestinal nerves were preserved. Furthermore, we assessed whether this effect was mediated 
by adrenergic or cholinergic nerves.
Methods: Colonic motility was measured in the proximal and distal parts of resected rat colon. The colon resected from the 
peritoneum was stabilized, and then urocortin 1 (13.8, 138, 277, and 1,388 pM) was administered via a blood vessel. Motility 
index was measured in the last 5 min of the 15 min administration of urocortin 1 and expressed as percentage change 
from baseline. Subsequently, the change in motility was measured by perfusing urocortin 1 in colons pretreated with phentolamine, 
propranolol, hexamethonium, atropine, or tetrodotoxin. 
Results: At concentrations of 13.8, 138, 277, and 1,388 pM, urocortin 1 increased the motility of proximal colon (20.4±7.2%,
48.4±20.9%, 67.0±25.8%, and 64.2±20.9%, respectively) and the motility of distal colon (3.3±3.3%, 7.8±7.8%, 71.1±28.6%,
and 87.4±32.5%, respectively). The motility induced by urocortin 1 was significantly decreased by atropine to 2.4±2.4% in 
proximal colon and 3.4±3.4% in distal colon (p＜0.05). However, tetrodotoxin, propranolol, phentolamine, and hexamethonium 
did not inhibit motility. 
Conclusions: Urocortin 1 increased colonic motility and it is considered that this effect was directly mediated by local muscarinic 
cholinergic receptors. (Korean J Gastroenterol 2015;65:283-290)
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INTRODUCTION

It has been reported that in mammals, corticotropin-releasing 

factor (CRF) increases the secretion of adrenocorticotropic 

hormone by stimulating the pituitary-adrenal axis under 

stressful conditions, and this effect is mediated by the CRF 

receptor.1,2 Since then, urocortin (Ucn), another ligand of the 

CRF receptor, has been identified. Another subtype of Ucn 

was subsequently identified, Ucn 1 was originally identified 

as Ucn, Ucn 2 and Ucn 3 were later identified on the basis of 

their different affinities for the CRF receptor.3,4 The Ucns bind 

to CRF 1 receptor or CRF 2 receptor; different Ucns bind to dif-

ferent CRF receptors, having different binding affinities and 

actions.5,6
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Ucn 1 is a peptide consisting of 40 amino acids. It activates 

a signaling pathway by binding to CRF 1 receptor or CRF 2 re-

ceptor in the same manner as CRF but with a higher affinity.7 

CRF and Ucn 1 have been observed prominently in the central 

nervous system (CNS), but they are also found in peripheral 

tissues. Their role in the heart, skin, and immune system has 

been identified, but not much is known of their role in the gas-

trointestinal tract.8-12

Studies have reported that when centrally administered, 

Ucn 1 inhibited gastric emptying and stimulated colonic pro-

pulsive motor function.13-16 Other studies have reported that 

when peripherally injected, Ucn 1 exerted effects that were 

similar to those observed when it was administered 

centrally.17,18 However, the exact mechanism by which Ucn 1 

acts when it is peripherally administered remains unclear. It 

is known that gastrointestinal motility is regulated by three 

factors (myogenic, neural, and hormonal factors). Of the 

three factors, neural regulation is mediated by a complex en-

tanglement of the myenteric plexus and the autonomic nerv-

ous system. Various peptides have been identified as gastro-

intestinal neurotransmitters. It is known that the endoge-

nous and autonomic nervous systems affect the secretion 

and inhibition of these peptides. 

Kimura et al.19 investigated the action of peripherally in-

jected Ucn 1 in colon muscle strips. Whether the results of 

those experiments can be reproduced in vivo remains 

uncertain. This is because the myenteric nerves and many 

parts of the autonomic nervous system lying next to the in-

testinal tract are lost in the colonic muscle strips. To identify 

the complex mechanism of gastrointestinal motility, an ex-

perimental model that includes the sympathetic, para-

sympathetic, and enteric nervous systems, as well as various 

neurotransmitters secreted from these nervous systems, 

and the neurotransmitter receptors are required. The pur-

pose of this study was to investigate the change in colonic mo-

tility induced by Ucn 1 in the proximal and distal colon re-

sected from rats, using an experimental model where the 

blood flow and intestinal nerves of the colon were preserved 

and extrinsic neural and hormonal effects were excluded. In 

addition, this study also aimed to investigate the mechanism 

of Ucn 1 by observing the change in colonic motility under 

conditions where the adrenergic and cholinergic nerves and 

nerve conduction were blocked. 

SUBJECTS AND METHODS

1. Animal preparation

All experiments described in this report were approved by 

the Animal Care Committee of Chungbuk National University. 

Male Sprague-Dawley rats weighing between 250 and 300 

g were fasted for 48 h with free access to tap water before 

surgery. The operative procedure was similar to that pre-

viously described by Cuber et al.20,21 for the isolated, vascu-

larly perfused duodenojejunum and ileum of rat. Under anes-

thesia with intraperitoneal injection of xylazine 10 mg/kg and 

zolazepam 50 mg/kg, the abdomen was opened by a midline 

incision. The stomach, spleen, and small intestine were re-

moved after ligation of the supplying blood vessels. The 

whole colon was freed of its visceral and retroperitoneal 

fixations. 

A polyethylene cannula (inner diameter 0.58 mm, outer di-

ameter 0.96 mm) was then inserted into the superior mesen-

teric artery. Arterial perfusion was started immediately at a 

rate of 1.2 mL/min with Krebs solution containing 0.1% bo-

vine serum albumin (Amresco, Solon, OH, USA) and 3% dex-

tran (Sigma Chemical Co., St. Louis, MO, USA). The mixture 

was continuously gassed with 95% O2-5% CO2 and warmed 

at 37oC. A rubber cannula (inner diameter 5.0 mm, outer di-

ameter 6.5 mm) was inserted into both ends of the proximal 

and distal colon to drain the luminal secretion. The loop was 

then gently flushed out once or twice with 10 mL prewarmed 

0.15 M NaCl. Microtip catheter pressure transducers (2 mm 

diameter; Millar Instruments Inc., Houston, TX, USA) were 

placed 2.0 cm from the ends of both the proximal and distal 

colon (Fig. 1). 

2. Experimental protocols

Intraluminal pressure was continuously monitored using 

microtip catheter pressure transducers and recorded with a 

data acquisition system (ML846 PowerLab 4/25; AD 

Instruments, Sydney, Australia). The motility index (MI) was 

calculated by multiplying the amplitude by the duration of 

each contractile wave during the last 5 min in each 15 min 

interval and expressed as percentage changes over the basal 

period. All records were analyzed by one observer. 

1) Effect of exogenous Ucn 1 on colonic motility 

After a 30 min basal period, Ucn 1 was administered at 

dose of 13.8, 138, 277, and 1,388 pM, infused consecutively 
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Fig. 1. Schematic illustration of the 
system used in the isolated vascularly
perfused rat colon. 
SMA, superior mesenteric artery; PV, 
portal vein.

every 15 min in 5 rats.

2) The effect of adrenergic and, cholinergic receptors, 

and nerve conduction blockade on Ucn 1-stimulated 

colonic motility

Drugs including Ucn 1 were simultaneously infused for 15 

min in 5 rats. MI was measured for the last 5 min, when the 

drug effect reached its peak. The Ucn 1 concentration that 

caused the greatest colon contraction were used in the prox-

imal and distal colon.

(1) Effect of phentolamine on Ucn 1-stimulated co-

lonic motility 

Phentolamine is a reversible non-selective alpha-adrener-

gic antagonist. After infusion with phentolamine mesylate 

(10−5 M; Reyon Pharm Co., Ltd., Seoul, Korea), the effect on 

colonic motility of Ucn 1 at 277 pM in the proximal colon and 

at 1,388 pM in the distal colon was measured.

(2) Effect of propranolol on Ucn 1-stimulated colonic 

motility 

Propranolol is a non-selective sympatholytic beta-adre-

nergic antagonist. After infusion with propranolol HCl (10−5 

M; Union Korea Pharm Co., Ltd., Seoul, Korea), the effect on 

colonic motility of Ucn 1 at 277 pM in the proximal colon and 

at 1,388 pM in the distal colon was measured.

(3) Effect of hexamethonium on Ucn 1-stimulated 

colonic motility 

Hexamethonium is a ganglionic receptor antagonist that 

acts in the autonomic ganglia by binding mostly to nicotinic 

acetylcholine receptors, and not the acetylcholine-binding 

site itself. After infusion with hexamethonium bromide (10−3 

M; Sigma Chemical Co.), the effect on colonic motility Ucn1 

at 277 pM in the proximal colon and at 1,388 pM in the distal 

colon was measured.

(4) Effect of atropine on Ucn 1-stimulated colonic 

motility 

Atropine is a competitive antagonist of muscarinic ace-

tylcholine receptors. After infusion with atropine sulfate (10−5 

M; Jeil Pharmacy, Seoul, Korea), the effect on colonic motility 

of Ucn 1 at 277 pM in the proximal colon and at 1,388 pM in 

the distal colon was measured.

(5) Effect of tetrodotoxin on Ucn 1-stimulated co-

lonic motility 

Tetrodotoxin (TTX) blocks the action potentials in nerves by 

binding to voltage-gated, fast sodium channels in the nerve 

cell membranes, essentially preventing affected nerve cells 

from firing by blocking the channels involved in the process. 

After infusion with TTX (10−6 M; Tocris Cookson Inc., Ballwin, 

MO, USA), the effect on colonic motility of Ucn 1 at 277 pM 

in the proximal colon and at 1,388 pM in the distal colon was 

measured.

3. Statistical methods

Statistical analysis was performed using IBM SPSS 

Statistics for Windows version 21.0 (IBM Co., Armonk, NY, 

USA). The data were presented as mean±standard error. The 

Wilcoxon signed rank test was performed to compare the dif-

ferences in Ucn 1-stimulated motility in the proximal and dis-
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Fig. 3. Representative tracings of the effect of urocortin 1 (Ucn 1) alone (A) and atropine (B) on the proximal colonic motility stimulated by Ucn
1. The stimulatory effect was significantly inhibited by atropine. 

Fig. 2. Effect of intra-arterial infusion of urocortin 1 on the colonic motility. Data are expressed as the percentage change of the motility index 
over the basal period in response to various concentrations of urocortin 1. (A) Urocortin 1 significantly increased motility in the proximal colon 
at concentrations of 13.8, 138, 277, and 1,388 pM. (B) Urocortin 1 significantly increased motility in the distal colon at concentrations of 277 
and 1,388 pM. Each bar represents the mean±standard error from 5 experiments. *p＜0.05 vs. basal values.

tal colon and to test whether Ucn 1-stimulated motility was 

inhibited or not. The statistical significance level was set at 

p＜0.05.

RESULTS

1. Effect of exogenous Ucn1 on colonic motility

When injected into an artery at the increasing concen-

trations of 13.8, 138, 277, and 1,388 pM, Ucn 1 (n=5) sig-

nificantly increased colonic contractility in proximal colon; 

the mean percentage changes of MI from baseline motility 

showed 20.4±7.2%, 48.4±20.9%, 67.0±25.8%, and 64.2± 

20.9%, respectively in the proximal colon. In the distal colon, 

however, the mean percentage changes of MI from baseline 

showed 3.3±3.3%, 7.8±7.8%, 71.1±28.6%, and 87.4±32.5%, 

respectively; the changes were significant only with 277 pM 

and 1,388 pM (Fig. 2, 3A, and 4A).

2. The effect of adrenergic, and cholinergic receptors, 

and nerve conduction blockade on Ucn 1-stimu-

lated colonic motility 

MI was obtained following administration of 277 and 

1,388 pM of Ucn 1, which caused the greatest colon con-

traction in the proximal and distal colon, respectively (Table 1). 

After the infusion of phentolamine, the percentage change 

of MIs were modified, but not significantly from 67.0±25.8% 

(Ucn 1 only) to 133.0±57.9% (Ucn 1＋phentolamine) in the 

proximal colon and from 87.4±32.5% (Ucn 1 only) to 

69.06±29.5% (Ucn 1＋phentolamine) in the distal colon. 

After the infusion of propranolol, MIs were modified but not 
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Table 1. The Effects of Urocortin 1 (Ucn 1) and Various Subs-
tances on Colonic Motility

Colon
Ucn 1 dose 

(pM)  
Percentage change 

of MI 

Proximal colon 277 67.0±25.8
277＋PL 133.0±57.9
277＋PP 49.1±35.4
277＋HM 188.0±59.8
277＋AT 2.4±2.4*
277＋TTX 51.2±22.2

Distal colon 1.388 87.4±32.5
1.388＋PL 69.1±29.5
1.388＋PP 37.0±21.0
1.388＋HM 114.4±57.4
1.388＋AT 3.7±3.7*

　 1.388＋TTX 66.8±29.1

Values are presented as mean±standard error. 
MI, motility index; PL, phentolamine; PP, propranolol; HM, hexame-
thonium; AT, atropine; TTX, tetrodotoxin. 
*p＜0.05 vs. Ucn 1 alone.

Fig. 4. Representative tracings of the effect of urocortin 1 (Ucn 1) alone (A) and atropine (B) on the distal colonic motility stimulated by Ucn 1. 
The stimulatory effect was significantly inhibited by atropine. 

Fig. 5. Effect of atropine on colonic motility stimulated by urocortin
1 (Ucn 1). The stimulatory effect of Ucn 1 on the proximal and distal
colonic motility was significantly inhibited by pretreatment with 
atropine. Data are expressed as the percentage change of motility 
index over the basal period. *p＜0.05 vs. Ucn 1 only.

significantly from 67.0±25.8% (Ucn 1 only) to 49.1±35.4% 

(Ucn 1＋propranolol) in the proximal colon and from 

87.4±32.5% (Ucn 1 only) to 37.0±21.0% (Ucn 1＋propranolol) 

in the distal colon. 

After the infusion of hexamethonium, MIs were modified, 

but not significantly, from 67.0±25.8% (Ucn 1 only) to 

188.0±59.8% (Ucn 1＋hexamethonium) in the proximal colon 

and from 87.4±32.5% (Ucn 1 only) to 114.4±57.4% (Ucn 1＋
hexamethonium) in the distal colon. 

After the infusion of atropine, the stimulating effect of Ucn 

1 on colonic motility was inhibited. MIs were decreased from 

67.0±25.8% (Ucn 1 only) to 2.4±2.4% (Ucn 1＋atropine) in 

the proximal colon and from 87.4±32.5% (Ucn 1 only) to 

3.7±3.7% (Ucn 1＋atropine) in the distal colon, which were 

statistically significant (p＜0.05) (Fig. 5, 3B and 4B). After 

the infusion of TTX, MIs were modified, but not significantly, 

from 67.0±25.8% (Ucn 1 only) to 51.2±22.2% (Ucn 1＋TTX) 

in the proximal colon and from 87.4±32.5% (Ucn 1 only) to 

66.8±29.1% (Ucn 1＋TTX) in the distal colon.

DISCUSSION

The Ucns and CRF bind to the same receptor and they are 

similar in structure and function. However, the affinity of the 

Ucns for the receptor is different from that of CRF and al-

though both CRF and the Ucns are found in the CNS and pe-

ripheral nervous system, their distributions are partially 

overlap. Thus, it is considered that Ucns have different func-

tions and mechanisms from those of CRF and, as such, there 

is increasing interest in this peptide.22

Ucn 1 binds to both CRF 1 receptor and CRF 2 receptor. Ucn 

2 and Ucn 3 bind only to the CRF 2 receptor. Martinez et al.22 
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reported that when peripherally injected, Ucn 1 reduced co-

lonic transit time whereas Ucn 2 and Ucn 3 resulted in no re-

sponse, indicating that Ucn 1 could be responsible for in-

creasing colonic motility. Gourcerol et al.23 reported that con-

comitant intraperitoneal injection of CRF and Ucn 2 reduced 

Fos expression in the colonic myenteric plexus compared 

with injection of CRF alone. This suggests a possible mecha-

nism whereby Ucn 1 and CRF receptor 1 stimulate colonic 

motility and Ucn 2 and CRF 2 receptor mediate the inhibition 

of colonic motility. 

Compared to previous studies, our study has a distinct 

feature. This is the first study about the effect of peripherally 

infused Ucn 1 on colonic motility in a setting that is similar set-

ting to in vivo conditions. Kimura et al.19 reported that in an 

experiment using rat distal colonic muscle strips, CRF and 

Ucn 1 increased contractility and this effect was inhibited 

when selective CRF 1 receptor antagonists, atropine, TTX, 

5-HT3 antagonists, and 5-HT4 antagonists were used togeth-

er with CRF and Ucn 1. Based on this, the effect of Ucn 1 is 

thought to be mediated by CRF 1 receptor and cholinergic 

and serotonergic neurotransmission. This experiment, how-

ever, was under different conditions as muscle strips were 

used. Our experiment, more closely resembled in vivo con-

ditions as it was performed with preservation of the blood 

flow and intestinal nerves. In addition, factors such as perfu-

sion pressure, intravenous secretion of lactate dehydrogen-

ase, glucose consumption, lactic acid elimination, and oxy-

gen consumption were preserved in order to prevent ische-

mic injury of the colonic mucosa. The resected colon tissue 

showed microscopic changes of ischemia after 2 h of 

perfusion. This experiment was completed within 2 h, there-

fore, the potential of ischemic damage to the colonic mucosa 

was minimized. 

When injected via the superior mesenteric artery, Ucn 1 

significantly increased the MI both in the distal and proximal 

colon compared with the pre-injection MI. In the proximal co-

lon, the MI increased at all concentrations compared with the 

pre-injection, and the highest MI observed was with 277 pM. 

In the distal colon, however, in the MI increased significantly 

only at higher concentrations of 277 and 1,388 pM, showing 

the greatest MI change at 1,388 pM. Although there were dif-

ferences in the response between the proximal and distal co-

lon, the cause of differences remains unclear. 

In this study, Ucn 1 did not inhibit motility when the colon 

was pretreated with phentolamine as an adrenergic alpha re-

ceptor blocker, propranolol as an adrenergic non-selective 

beta receptor blocker, hexamethonium as a nicotinic chol-

inergic receptor blocker, or TTX as a neural blocker, but mo-

tility was significantly inhibited when the colon was pre-

treated with atropine as a muscarinic cholinergic receptor 

blocker in both the distal and proximal colon. 

This indicates that the effect of Ucn 1 is mediated by en-

dogenous muscarinic cholinergic receptors of the nerves, 

which is consistent with the study by Kimura et al.19 in which 

distal colon muscle strips were used. In the study by Kimura 

et al.,19 however, Ucn 1 did not increase motility when the co-

lon was pretreated with TTX, as was the case with atropine, 

therefore, the effect of Ucn 1 was reported to be mediated by 

TTX-sensitive neurons. However, in our study, only atropine 

could inhibit Ucn 1-stimulated motility. TTX blocks Na＋ chan-

nels by binding to the exterior pore loop of cells and is very 

useful for experiments intended to investigate the action of 

neurotransmitters.24-26 In other recent studies, it has been re-

ported that TTX increased colonic motility and this effect was 

mediated by the blockade of tonic inhibitory neuronal 

regulation.27 Unlike the experiment by Kimura et al.,19 our ex-

periment was performed while the intestinal nerves were 

preserved; therefore, it is believed that tonic inhibitory neu-

rons were more available compared with colonic muscle 

strips. It is considered that this blockade of tonic inhibitory 

neurons might have offset the TTX-mediated effect of Ucn 1. 

Another possibility for why TTX did not inhibit the action of Ucn 

1 is that if Ucn 1 promotes acetylcholine secretion in the colon 

tissue, or activates a muscarinic current through direct stim-

ulation of muscarinic cholinergic receptors of the colonic 

smooth muscle cells, the action of Ucn 1 may not be affected 

by TTX. Further studies of the actions of Ucn 1 and TTX are 

needed. 

The importance of CRF and the Ucns, which are stress-re-

lated peptides, is increasing because they may provide a clue 

to the treatment of various diseases that are considered 

stress-related.28-31 The gastrointestinal tract is very sensitive 

to stress and chronic stress is considered one of the im-

portant factors in the pathophysiology of irritable bowel syn-

drome (IBS). Studies have reported that stress increases vis-

ceral hypersensitivity and may lead to IBS.32-35

As our study included a small number of specimens, fur-

ther studies with larger numbers are required, and studies on 
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selective CRF 1 receptor antagonists, CRF 2 receptor antago-

nists, 5-HT3 antagonists, 5-HT4 antagonists, and nitro-L-argi-

nine methyl ester are suggested in order to more fully under-

stand the mechanism of the effect of Ucn 1 on colonic 

motility. 

In summary, Ucn 1 increased colonic motility and it is con-

sidered that this effect was directly mediated by local mus-

carinic cholinergic receptors but not by tetrodotoxin-sensitive 

nerve conduction.
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