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Abstract － Recently some researches have established that the melatonin, secreted by pineal gland, may 
evoke the changes of contractile responses on smooth muscles. We examined the effects of melatonin on the 
motility of rat pyloric antrum and which mechanism might be involved in the effects. Pyloric antral strips from 
the stomach of 20 Sprague-Dawley rats were prepared for isometric tension recording in organ bath. The 
strips were precontracted by acetylcholine and high-KCl solutions. In precontracted conditions the tensions 
were increased by accumulative application of melatonin (10−8-10−4 M) dose-dependently, even in resting 
states. And the effects were almost disappeared when the concentrations of ACh were over than 10 μM. The 
effects of melatonin were inhibited by pretreatment of 10 mM TEA and/or 10 μM 4-AP and rarely affected by 
pretreatment of 1 mM TEA, 10 μM glibenclamide and 10 μM verapamil respectively. From these results it is 
concluded that the contractile responses of smooth muscles of rat pyloric antrum were enhanced by 
melatonin application and the mechanism might be concerned with the inhibition of some voltage-dependent 
potassium channels.
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INTRODUCTION

    First demonstration of melatonin receptor binding re-
actions was introduced from arterial smooth muscle (Vis-
wanathan et al., 1990); there was an increased interest in 
the study of melatonin actions on the contractile responses 
of smooth muscle. So contractile responses to melatonin 
have been reported in many smooth muscles (Doolen et 
al., 1998; Wang et al., 2002; Poon et al., 2003; Sharkey et 
al., 2009). 
    Melatonin, a monoamine hormone secreted by the pine-
al gland, known as a strong antioxidant (Reiter, 1997) and 
its secretions are dependent to hypoglycemia and dark-
ness (Liu et al., 1999). This endogenous substance levels 
are found to decline with age. Although it is well recognized 
that the pineal gland is associated with controlling circa-
dian rhythm and reproductive function, the definite function 
of the pineal gland is not elucidated. The interest in melato-
nin in pineal gland is increasing because it plays a pivotal 

role in rhythmical control of each organ in human and ani-
mals (Reiter, 1993). 
    The previous investigation reported that oral admin-
istrations with melatonin delayed the gastric emptying via 
cholecystokinin and serotonin, suggesting melatonin has a 
physiological activity in gastrointestinal motility (Kasimay 
et al., 2005). Moreover, it was reported that melatonin has 
effectiveness in modulating hyper-motility in irritable bowel 
syndrome (Thor et al., 2007). Melatonin ameliorates a de-
creasing motility of urinary bladder in ageing, which in-
dicates that melatonin may also increase motility in smooth 
muscle (Gomez-Pinilla et al., 2008).
    This study aimed at investigating the physiological role 
of melatonin in smooth muscle motility. We used pyloric 
antrum tissue in rat stomach, in which the physiological 
properties of contraction and relaxation are well known 
(Mitra and Morad, 1985). We observed the effect of mela-
tonin on response in smooth muscle with relaxing or con-
tracting drug and studied how the effect exerted in this 
experiment.
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MATERIALS AND METHODS

Preparation of rat bladder strips and tension measuring
    A total of 20 Sprague-Dawley rats weighing 150-200 g 
were used throughout this study. All protocols were per-
formed in accordance with the recommendations of the 
ethic Committee for the Protection of Persons and Animals 
at the Institute of Medical Science, Chung Ang University, 
Seoul and Korea. The rats were blacked out by infusion in-
to a tight container with 100% CO2 gas for 30 sec, and 
were then sacrificed by a cut to the carotid artery. Abdo-
men was cut and opened the pyloric antral portion of stom-
ach was surgically removed and transferred to a Petri dish 
containing HEPES buffered physiological salt solution 
(PSS; composition in mM: NaCl 140, KCl 4, CaCl2 2, MgCl2 
1, NaHPO4 1.2, L-glucose 11, HEPES 5, pH adjusted to 
7.4 with NaOH) with 100% O2 saturation. The strips were 
then trimmed to 2×2×6 mm.
    The strips were mounted in 20 ml organ bath filled with 
bicarbonate buffered PSS (composition in mM: NaCl 114, 
NaHCO3 26, KCl 4, CaCl2 2, MgCl2 1, NaHPO4 1.2, L-glu-
cose 11, pH adjusted to 7.4 with HCl). The solution in the 
bath was bubbled with mixed gas (95% O2, 5% CO2) and 
maintained at 37oC and was exchanged at 30 min in-
tervals. The strips were connected to an isometric force 
transducer (52-9545, Harvard, UK) and the measurements 
were recorded on a MacLab 4e recording system (ADIns-
truments, Australia). Resting tension was adjusted 0.2 g 
over 60 min for equilibration period.

Contractile responses of the strips

    Dose-dependent response of melatonin: At resting 
status the concentration-dependent responses were ob-
served by adding successive logarithmic increments of 
melatonin (10−8-10−4 M).
    Dose-dependent response of melatonin on ace-

tylcholine (10−5
 M, 10

−6
 M) pretreated strips: After pre-

treatment with 10−6 M acetylcholine for 5 min on strips in 
the organ bath, the strips were contracted and then con-
centration-dependent responses were determined by add-
ing successive logarithmic increments of melatonin (10−9 - 
10−4 M).
    Dose-dependent response of melatonin on KCl (35 

mM) pretreated strips: After pretreatment with 35 mM KCl 
for 5 min on strips in the organ bath, the strips were con-
tracted and then concentration-dependent responses were 
determined by adding successive logarithmic increments 
of melatonin (10−9-10−4 M).

The mechanism of melatonin response
    Various potassium channel blockers (1 mM tetraethyl 
ammonium (TEA), 10 mM TEA, 10−5 M 4-aminopyridine, 
10−5 M glibenclamide) and calcium channel blocker (10−5 
M verapamil) were pretreated on strips, the dose-depend-
ent responses for each agent were determined by adding 
successive logarithmic increments of melatonin (10−9- 
10−4 M).

Solutions and reagents
    Bicarbonate buffered PSS was used for all the organ 
bath studies, and HEPES buffered PSS was used for the 
procedures of tissue preparation. Melatonin was dissolved 
in dimethyl sulfoxide, and the final concentration was lower 
than 0.1% when added the organ bath. Vehicle (0.1% di-
methyl sulfoxide) was tested, and there was no remarkable 
change. All chemicals were obtained from Sigma Chemical 
Company (USA).

Statistical analysis
    The results were obtained after more than 5 replicates 
of the experiments with same protocol and similar results 
and representative data are described. Statistical analysis 
of the data was performed by Student’s t-test and ANOVA. 
The results were considered statistically significant at p
＜0.05.

RESULTS

Effects of melatonin on the basal state
    Application of melatonin (10−8-10−4 M) to strips on the 
basal state evoked dose-dependent contractile responses 
(Fig. 1).

Effects of melatonin on acetylcholine (10−5  and 10−6 M) 

pretreated strips 
    The strips were precontracted with 10−5 or 10−6 M ace-
tylcholine and reacted with melatonin (10−8-10−4 M) in the 
same bath. At the 10−5 M pretreated strips melatonin 
evoked any remarkable change (Fig. 2). But at the 10−6 M 
pretreated strips melatonin induced dose-dependent con-
tractile responses (Fig. 3). 

Effects of melatonin on KCl (35 mM) pretreated strips 
    The strips were pre-treated with 35 mM KCl and then re-
acted with melatonin (10−8-10−4 M), evoking dose-de-
pendent contractions (Fig. 4).
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Fig. 1. Typical representation of melatonin-induced response of 
rat gastric antral strip. Melatonin evoked dose-dependent con-
tracture.

Fig. 2. Typical representation of melatonin-induced response of 
rat gastric antral strip on the 10−5 M acetylcholine (ACh)- 
induced contracture. No remarkable change was detected.

Fig. 3. Typical representation of melatonin-induced response of
rat gastric antral strip on the 10−6 M acetylcholine (ACh)- 
induced contracture. No remarkable change was detected. The 
concomitant application of melatonin evoked dose dependent 
contraction.

Fig. 4. Typical representation of melatonin-induced response of
rat gastric antral strip on the 35 mM KCl-induced contracture. 
The concomitant application of melatonin evoked dose depen-
dent contraction.

Effects of ion channel blockers on the effects of melatonin 
    To determine the mechanisms of the contractile re-
sponses of melatonin, the strips were reacted with the vari-
ous potassium channel blockers, TEA (1 mM and 10 mM), 
4-AP (10−5 M) and glibenclamide (10−5 M). Some potas-
sium channel blockers (1 mM TEA and 10−5 M glibencla-
mide) were failed to evoke any remarkable changes on the 
melatonin effects, but the others (10 mM TEA and 10−5 M 
4-AP) were significantly inhibited the responses (Fig. 5). 
The calcium channel blocker (10−6 M verapamil) pretreat-
ment did not evoke any remarkable change (Fig. 6).

DISCUSSION

    Smooth muscles can be classified according to their 
characteristics (structure, physiology and neural distribu-
tion of electricity, etc.), it is very difficult work to explain 
general properties of special smooth muscle because of 
the various characteristics. In general smooth muscle in 
gastrointestinal, urinary and reproductive systems belongs 
to phasic smooth muscle, which is excited by the slow 
waves and results in contraction. Other parts of the sphinc-
ters, vascular smooth muscle and airway smooth muscle 
belong to the tonic smooth muscle, and the level of tonic 
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Fig. 5. Dose-dependent relations of melatonin-induced re-
sponse of rat gastric antral strip on the 1 μm ACh-induced 
contracture. The pretreatment of 1 mM TEA and 10 μM gli-
benclamide rarely affected the response (n=8).

Fig. 6. Dose-dependent relations of melatonin-induced re-
sponse of rat gastric antral strip on the 1 μm ACh-induced 
contracture. The pretreatment of 1 μM verapamil rarely affected 
the relation (n=8).

contraction is proportional to the membrane potential 
(Hille, 1992). However, two types of contraction of smooth 
muscle cells can be regulated by a common molecular 
mechanism, and all types of smooth muscle cells appear 
to be potentially capable of both phasic and tonic con-
tractions (Somlyo and Somlyo, 1994). Although these 
functional regulations of smooth muscle activity are con-
trolled by the autonomic nervous system, smooth muscle 
is also regulated by various components and endocrine 
substances (hormones) such as melatonin through the 

blood because smooth muscle exists in the wall of the in-
ternal organs. 
    Melatonin is known as only one type of pineal gland hor-
mones, which detects the daily and seasonal changes in 
light cycle and is involved in biological rhythms, such as re-
productive activities (Motta et al., 1967). Recently, various 
effects of melatonin on smooth muscle function have been 
reported. Melatonin increased the effective contraction of 
the bladder smooth muscle (Gomez-Pinilla et al., 2008), in-
hibited the contraction of gastrointestinal smooth muscle 
by suppressing electrical excitability (Merle et al., 2000) 
and directly inhibited contraction (Reyes-Vázquez et al., 
1997). Until now, those results are controversial.
    This study on the effects of melatonin on gastrointestinal 
smooth muscle showed the distinct results, compared to 
previous reports. First, dose-dependent contractions were 
found in steady state, which suggests that melatonin could 
lead to contraction of the gastrointestinal tract at a higher 
concentration. The effects of melatonin on the contractile 
status evoked by acetylcholine were also characteristic. 
When treated with high concentrations of acetylcholine (10 
μM or more), the melatonin treatment had little effect on 
the contraction, whereas the melatonin caused dose-de-
pendent contraction in less concentrations of acetylcho-
line. In high potassium-induced contraction, melatonin also 
led to dose-dependent contractions. These results raised 
two possibilities that the effects of melatonin could be af-
fected by the concentration of acetylcholine and its effects 
were hidden at the maximum level of acetylcholine- in-
duced contraction. 
    Among pretreatments with various potassium channel 
antagonists such as 1 mM TEA, 10 mM TEA, 10 μM gli-
benclamide or 10 μM 4-AP (Harvey et al., 1989), the re-
spective effects of melatonin were suppressed only in pre-
treated by 10 mM TEA or 10 μM 4-AP, which suggests that 
the effects of melatonin is likely to inhibit the voltage- de-
pendent potassium channels. When pretreated with cal-
cium channel antagonist, verapamil, there was no effect of 
melatonin on the contraction, suggesting that action mech-
anism of melatonin had no relations with direct inhibition of 
calcium channel.
    These enhanced contractions by melatonin can inter-
fere with movement of gastrointestinal smooth muscle and 
have potential positive impact at the same time. Therefore, 
the results of this study will be helpful for partial under-
standing of the changes in gastrointestinal motility based 
on the level of melatonin secretion. However, the precise 
mechanisms require further elucidation.
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