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Abstract OBJECTIVE: The aim of this study was to investigate the effects of mela-
tonin on spontaneous and oxytocin-induced contractility of pregnant and 
non-pregnant rat myometrium in vitro. 
DESIGN: Myometrial strips were removed from virgin or late pregnant 
(21 days gestation) Wistar rats following decapitation and placed in an 
organ bath containing Krebs’ solution at 37°C and pH 7.4, constantly bub-
bled with 95% oxygen-5% carbon dioxide and isometric contractions were 
recorded. Effects of cumulative concentrations of melatonin (0.1 to 10 µM) 
on spontaneous and oxytocin-induced contractions were studied. Possible 
involvement of Ca2+-activated K+ channels in inhibitory actions of mela-
tonin was investigated by using apamin (100 nM).
RESULTS: Melatonin inhibited spontaneous and oxytocin-induced contrac-
tions of myometrium from both virgin and late pregnant rats in a dose-
dependent manner. After inhibition of oxytocin-induced contractions by 
melatonin, application of prostaglandin F2α (1 µM) but not high KCl (30mM) 
containing solution initiated contractile activity. Inhibitory response induced 
by melatonin (13µM) was not affected by apamin (100 nM).
CONCLUSIONS: Data from this study demonstrates that melatonin inhibits 
spontaneous and oxytocin-induced contractions of myometrium from preg-
nant and non-pregnant rats. Although the exact mechanism is not clear, 
melatonin-induced inhibition of myometrial contractions may results from 
its interactions with Ca2+ channels.

A portion of this work has been previously presented in an abstract form (Physiological Society Meeting, The Journal 
of Physiology 528 P, Aberdeen, 2000)
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Abbreviations: 
 
mm  Millimeter,
PGF2α

  Prostaglandin F2 alpha,
g  Gram,
µg  micro gram,
µl  Micro liter
ml  Milliliter,
cm  Centimeter,
DMF  Dimethylformamide 
mU/L  Milli unit/Liter,
ANOVA  Analysis of variance,
SEM  Standard error of mean,
UK  United Kingdom,
HRT  Hormone replacement therapy 
ROS  Reactive oxygen species 
APUD  Amine precursor uptake decarboxylation
USA  United States of America

Introduction

The pineal gland and its main hormone melato-
nin (N-acetyl-5-methoxytryptamine) is known to be 
involved in a variety of physiological processes includ-
ing regulation of endocrine rhythms [1], antigonad-
otropic activity [2, 3], scavenging of free oxygen 
radicals [4], and neuroendocrine regulation of vari-
ous immune functions [5]. Melatonin has also been 
reported to effect smooth muscle tone. There are 
remarkable species and tissue difference in the effects 
of melatonin on smooth muscle. Melatonin decreased 
the contraction of the small and large intestines in 
rats [6], whereas it caused contraction of the colonic 
smooth muscle from guinea pig [7]. Melatonin has 
been shown to induce vasoconstriction in rat caudal 
and cerebral arteries in a dose dependent manner 
[8, 9] but to inhibit the norepineprine-induced vaso-
constriction [10] and to cause relaxation of porcine 
arterial smooth muscle [11]. In another study it was 
shown that melatonin alone had negligible effect 
on the contractility but markedly potentiated the 
block produced by succinylcholine with facilitation of 
the desensitization in phrenic nerve-hemidiaphragm 
preparations of rats suggesting that melatonin has 
calcium channel blocking effect [12].

Uterine smooth muscle is not an exception in the 
case of melatonin effect and there are conspicuous 
species differences in the effects of melatonin on myo-
metrial contractility. Despite the high interest and 
widespread ongoing research about the effects of 
melatonin in other smooth muscles, the effect of 
melatonin on myometrial contractility is relatively 
poorly studied. Micromolar concentrations of mela-
tonin have been shown to signifi cantly inhibit spon-
taneous and oxytocin-induced contractions but not 
PGF2α-induced contractions of myometrium from 
ovariectomised rats [13]. In the same study the 
authors also demonstrated that melatonin dimin-
ished the release of prostaglandins from both uterus 

and medial basal hypothalamus. There are also 
reports about the inhibitory effect of melatonin on 
carbachol [14] and oxytocin-induced myometrial con-
traction in rats [15]. In contrast, melatonin in combi-
nation with noradrenaline potentiated contractions 
in human myometrium [16]. In an in vivo study 
conducted on pregnant sheep, melatonin infusion is 
reported to have no effect on myometrial contractil-
ity [17]. The inhibitory effect of melatonin on myome-
trial contractility has been attributed to melatonin-
induced prostaglandin synthetase inhibition in the 
uterus. However, detailed mechanisms of the effect 
of melatonin on uterine smooth muscle contractility 
have not been clarifi ed yet.

In this study, the effects of melatonin on sponta-
neous and oxytocin-induced contractility of pregnant 
and non-pregnant rat myometrim were investigated. 
The possible roles of prostaglandins and calcium-acti-
vated potassium channels in melatonin-induced inhi-
bition of the rat myometrial contractility were also 
investigated. 

Material and Methods

This study was approved by Firat University local 
ethics committee. Small (1 cm long,  < 2 mm wide,  < 1 
mm thick) longitudinal strips of myometria were dis-
sected from adult female virgin or late pregnant (21 
day of gestation) Wistar rats after guillotine decapi-
tation. Only one strip from each animal was used. 
Muscle strips were placed in a jacketed organ bath 
(25 ml volume) and tied at bottom end to a fi xed 
metal hook and at top end to a force displacement 
transducer (Harvard Inst, Kent, UK) using a cotton 
thread. The force displacement transducer was cou-
pled to an amplifi er driving a direct writing oscillo-
graph (Universal Oscillograph, Harvard Inst, Kent, 
UK). The organ bath contained Krebs solution of 
the following composition (mM): NaCl, 154; KCl, 
5.4; MgSO4, 1.2; glucose, 11.5; CaCl2, 2; HEPES, 10; 
adjusted to pH 7·4 with 1 M NaOH at 37°C and 
continuously aired with 95% oxygen-5% carbon diox-
ide throughout the experimental period. Following a 
30-minute equilibration period of the stabilization of 
myometrial strips with 1 g stretch tension and devel-
opment of spontaneous contractile activity, contrac-
tile response to oxytocin was obtained by applica-
tion of single dose of 800mU/L extracellular oxytocin. 
Most of the strips developed spontaneous contrac-
tions within 30-minute equilibration period and 
strips with no spontaneous activity in this period 
were removed.

The mean peak amplitude and frequencies of iso-
metric contractions were evaluated by 10 minutes 
intervals before and after application of each dose of 
melatonin and comparisons were made between the 
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mean values. All mean peak amplitude values of con-
tractions are given in gram (g).

Drugs used in the present study were melatonin, 
and PGF2α, indomethacin (Sigma Chemical Co., 
St. Louis, USA), oxytocin (5 IU/ml for injection, 
Eczaciba·ı, Turkey), apamin (Alomone Lab, Israel). 
Melatonin (1 mM) was initially dissolved in dimeth-
ylformamide (DMF, Sigma) and fi nal concentration of 
melatonin was made up in Krebs’ solution. Control 
studies were carried out with comparable volumes of 
DMF, which was used to dissolve melatonin. Differ-
ent concentrations of melatonin were added to tissue 
bath cumulatively (0.1-10 µM).

Statistical analysis

The results are expressed as mean  ± SEM. All sta-
tistical analysis were done using the statistical pro-
gram SPSS for windows (version 6.0.1. SPSS Inc. 
Chicago, Illinois). For statistical analysis of amplitude 
and frequency values, analysis of variance (One way 
ANOVA) was performed. P < 0.05 was considered sta-
tistically signifi cant. Figures were made using Origin 
(version 5.0, Microcal Software Inc. Northampton, 
USA).

Results

Experiments were performed on myometrial strips 
from pregnant rats (21 day of gestation) that devel-
oped spontaneous contractions in 30-minute equili-
bration period. After the manifestation of spontane-
ous contractions, application of oxytocin signifi cantly 
increased contractile activity of myometrium from 
both pregnant and non-pregnant rats compared to 
spontaneous activity (Figs. 1A, 3B, 4). The mean peak 
amplitude of oxytocin-induced myometrial contrac-
tions of pregnant rat myometrium was 2.74 ± 0.22g 
(n=9). Melatonin inhibited these oxytocin-induced 
contractions in a dose dependent manner (Fig. 1A, 
Fig. 5). The mean peak amplitude of contractions 
was 2.69 ± 0.23g (n=9; p>0.05), 2.53 ± 0.25g (n=9; 
p>0.05), 2.05 ± 0.34g (n=9; p>0.05) and 0.85 ± 0.23g 
(n=9; p < 0.01) after application of 0.1µM, 0.5µM, 
1µM, and 5µM melatonin, respectively (Fig. 5). 

Melatonin also inhibited the mean peak amplitude 
of oxytocin-induced contractions from non-pregnant 
rats (Fig. 1B) from mean control value of 2.00 ± 0.18g 
(n=7) to 1.99 ± 0.17g (n=7; p>0.05), 1.95 ± 0.18g 
(n=7; p < 0.05), 1.81 ± 0.19g (n=6; p>0.05) and 
1.11 ± 0.16g (n=7; p < 0.01), after application of 
0.1µM, 0.5µM, 1µM, and 5µM melatonin, respectively 
(Fig. 5).

Melatonin inhibits spontaneous and oxytocin-induced contractions of rat myometrium in vitro

Fig. 1. The effects of melatonin on oxytocin-induced myometrial contractions. Original representative tracings showing 
the effects of different doses of melatonin on oxytocin induced contractions of myometrium from pregnant (A) and non-
pregnant (B) rats. Oxytocin and subsequent doses of melatonin was applied cumulatively at points indicated by arrows. OT, 
oxytocin; MLT, melatonin; min, minute; g, gram.
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Fig. 2. The effects of melatonin on spontaneous myometrial contractions. Tracings showing the effects of different doses 
of melatonin on spontaneous contractions of myometrium from pregnant (A) and non-pregnant (B) rats. Different doses 
of melatonin was applied cumulatively at points indicated by arrows. MLT, melatonin; min, minute; g, gram.

Fig. 3. Effects of prostaglandin F2α and KCl after melatonin inhibition of contractions. (A) representative tracing showing 
the inhibitory effects of melatonin on spontaneous contractions. Prostaglandin F2α (1µM) initiated contractions after 
complete inhibition of contractions with cumulative melatonin application. (B) representative tracing showing the effects 
of high KCl (30 mM) application after melatonin-induced complete block of oxytocin-induced contractions of myometrium 
from non-pregnant rats. Melatonin, prostaglandin F2α and KCl were applied at indicated points and were continuously 
present throughout experiment. OT, oxytocin; MLT, melatonin; min, minute; g, gram; PG, prostaglandin F2α. 
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Fig. 4. The effects of apamin treatment on inhibitory effect of melatonin on oxytocin-induced myometrial contractions. 
Representative tracings showing the effects of 13µM melatonin on oxytocin-induced contractions of myometrium from non-
pregnant rats. Single dose of 13 µM melatonin inhibited oxytocin-induced myometrial contractions in the absence (A) and 
presence (B) of apamin. Single dose of 13µM melatonin inhibited oxytocin-induced contractions by about 50% of the peak 
amplitude (A). When apamin pretreatment was performed (B) for 2.5 minute, subsequent application of 13µM melatonin 
caused similar inhibition of the oxytocin-induced contractions. Recovery was observed after wash with ordinary Krebs solution. 
Drugs were applied and washing was performed at indicated points. OT, oxytocin; MLT, melatonin; min, minute; g, gram.

Most of the (75 out of 84) myometrial strips from 
pregnant and non-pregnant rats developed spontane-
ous contractions with consistent amplitude and fre-
quency after equilibration period and these spontane-
ous contractions could be recorded for several hours. 
Effects of melatonin on spontaneous contractions of 
myometrium from pregnant and non-pregnant rats 
were also investigated. Melatonin dose dependently 
inhibited these spontaneous contractions in all prepa-
rations (Figs. 2, 6). Mean peak amplitude of spontane-
ous contractions of myometrium from non-pregnant 
rats was 2.12 ± 0.4 g (n=10) under control conditions, 
and 2.06 ± 0.4 g (n=10, p>0.05), 2.02 ± 0.4g (n=10, 
p>0.05), 1.88 ± 0.4 g (n=10, p>0.05), and 1.20 ± 0.07 
g (n=10, p < 0.02) after application of 0.1, 0.5, 1 and 
5µM melatonin, respectively (Fig. 6). Melatonin also 
inhibited the mean peak amplitude of spontaneous 
contractions of pregnant rat myometrium from con-
trol values of 2.63 ± 0.4 g (n=11) to 2.49 ± 0.4 g (n=11, 
p>0.05), 2.27 ± 0.5 g (n=11, p>0.05), 1.78 ± 0.4 g 
(n=11, p < 0.05), and 0.22 ± 0.03 g (n=11, p < 0.001) 
after application 0.1, 0.5, 1 and 5 µM melatonin, 
respectively (Fig. 6).

In order to determine the possible role of prosta-
glandins on the melatonin-induced inhibition of con-
tractions, the effects of prostaglandin synthesis inhib-
itor indomethacin and prostaglandins were tested. 1 
µg/ml indomethacin was added to prevent endogenous 
prostaglandin production [13]. After manifestation 
of spontaneous contractions, ordinary Krebs solution 
was replaced with indomethacin (1 µg/ml) containing 
Krebs solution and no signifi cant change was observed 
in either amplitude (3.06 ± 0.19g – 3.06 ± 0.19g, n=6) 
or frequency (10.7 ± 0.42 – 10 ± 0.45/10 minute period, 
n=6) of spontaneous contractions in myometrium 
from non-pregnant rats. Melatonin also inhibited 
spontaneous contractions in the presence of indo-
methacin, the amplitude of spontaneous contrac-
tions was 3.06 ± 0.19g (n=6) under control conditions 
and 3.05 ± 0.19g (n=6, p>0.05), 2.91 ± 0.17g (n=6, 
p>0.05), 2.58 ± 0.23g (n=6, p>0.05) and 1.70 ± 0.01g 
(n=6, p < 0.01) after applications of 0.1, 0.5, 1 and 5 
µM melatonin, respectively. Experiments were also 
performed to determine the effect of melatonin on 
oxytocin-induced contractions in the presence of indo-
methacin (1 µg/ml) and it was found that melatonin 
similarly inhibited the amplitude of contractions 
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Fig. 5. Effects of different concen-
tration of melatonin on mean peak 
amplitude of oxytocin-induced con-
tractions of myometrium from preg-
nant and non-pregnant rats. (Mean 
±SEM). Since 10 µM melatonin com-
pletely abolished the contractions 
data relating this period is not 
given.

Fig. 6. Effects of different concen-
tration of melatonin on mean peak 
amplitude of spontaneous con-
tractions of myometrium from preg-
nant and non-pregnant rats. (Mean 
±SEM). Since 10 µM melatonin 
completely abolished the contrac-
tions data relating this period is 
not given.

Fig. 7. Effects of apamin pre-
treatment (100 nM) on actions of 
melatonin on peak amplitude of 
oxytocin-induced contractions of 
myometrium from non-pregnant 
rats (mean ± SEM, n=6).
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from mean control value of 3.23 ± 0.25g (n=6) 
to 3.23 ± 0.25g (n=6, p>0.05), 3.08 ± 0.24g (n=6, 
p>0.05), 3.01 ± 0.20g (n=6, p>0.05) and 2.23 ± 0.28g 
(n=6, p < 0.05) after application of its 0.1, 0.5, 1 and 5 
µM concentrations, respectively.

When spontaneous and oxytocin-induced contrac-
tions are totally diminished after application of 10µM 
melatonin, contractions can be initiated with prosta-
glandin F2α (1 µM) applications (n=6, Fig. 3A), but 
high KCl (30 mM) failed to induce similar contrac-
tions in the same myometrial strip, when applied 
after 10µM melatonin inhibition (n=5, Fig. 3B). 

The last dose of cumulative melatonin application 
was 10µM and this high dose of melatonin completely 
abolished spontaneous and oxytocin-induced contrac-
tions in myometrial strips from both pregnant and 
non-pregnant rats, in all series of experiments con-
ducted (Figs.1, 2, 3). 

Additional experiments were performed to investi-
gate the possible role of Ca2+-activated K+ channels 
on inhibitory actions of melatonin using apamin. For 
this experiment a single dose of melatonin (13µM) was 
applied on oxytocin-induced contractions of myome-
trium from non-pregnant rats and approximately 50% 
inhibition of amplitude was observed (n=6, Fig. 4A). 

In a different set of experiments, after augmenta-
tion of contractions by oxytocin apamin (100 nM) pre-
treatment for 2.5 minutes was performed and no 
signifi cant change was observed in inhibitory action 
of subsequently applied 13µM melatonin (Figs. 4B, 
7). Melatonin (13µM) inhibited oxytocin-induced con-
tractions of non-pregnant rat myometrium from 
2.86 ± 0.2g to 1.82 ± 0.14g (p < 0.05, n=6) and 
2.77 ± 0.09g to 1.78 ± 0.08g (n=6, p < 0.05) in the 
absence and presence of 100 nM apamin, respectively 
(Fig. 7). Melatonin (13µM) also inhibited spontaneous 
contractions of non-pregnant rat myometrium from 
2.24 ± 0.3g to 1.26 ± 0.6g (p < 0.05, n=5) in the pres-
ence of 100 nM apamin. Effects of apamin pre-treat-
ment on oxytocin-induced contractions from pregnant 
rats were also investigated and it was found that 
application of a single dose of 13µM melatonin inhib-
ited mean amplitude of oxytocin-induced contractions 
from 3.04 ± 0.7g to 1.66 ± 0.9g (n=4, p < 0.05), when 
100 nM apamin was applied for 2.5 minutes prior to 
application of melatonin. Apamin itself did not cause 
any change in oxytocin-induced (Fig. 4B) or spontane-
ous contractions (both amplitude and frequency).

In further series of experiments the melatonin sol-
vent DMF was applied in comparable concentrations 
and even at 1.5 times higher concentrations DMF had 
no signifi cant effect on either spontaneous or oxyto-
cin-induced contractions of myometrium either from 
pregnant (n=5, data not shown), or from non-preg-
nant rats (n=5, data not shown).

All melatonin effects were reversible after a couple 
of washes (approximately in 30 minute) of myome-
trial strips with fresh Krebs solution (see Fig. 4).

Discussion

The results from this study indicate that melato-
nin inhibited spontaneous and oxytocin-induced con-
tractions of rat myometrium from both pregnant and 
non-pregnant rats in a dose dependent manner. Addi-
tion of PGF2α but not high KCl restored contractility 
of myometrial strips after melatonin-induced block 
and apamin treatment did dot make any change to 
inhibitory response to melatonin.

Our results are in agreement with the results of 
Gimeno et al [13]. Using myometrium samples from 
ovariectomised rats they showed that melatonin dose 
and time dependently inhibited spontaneous and oxy-
tocin-induced contractions but not those induced by 
PGF2α. In our study inhibition of endogenous pros-
taglandin synthesis by treatment with indomethacin 
(1µg/mL) did not modify the response to melatonin 
but the addition of 1µM PGF2α restored the con-
tractions after melatonin-induced inhibition. Higher 
doses of indomethacin were not used because of its 
known inhibitory effect on spontaneous and oxytocin-
induced myometrial contractions. In previous stud-
ies inhibitory actions of melatonin on myometrial 
contractions are attributed to its inhibitory effect on 
prostaglandin synthesis by the uterus. Indeed mela-
tonin has been designated as a potent inhibitor of 
prostaglandin synthesis in various tissues including 
the uterus [13, 18–20]. The role of prostaglandins for 
parturition is well documented and although there 
are limiting site effects for clinical use due to their 
important roles in a wide variety of functions, inhi-
bition of prostaglandin synthesis proved to decrease 
myometrial contractility [21].

Melatonin directly inhibited spontaneous contrac-
tions in our study in contrast to a previous study 
which demonstrated that melatonin did not have 
a direct effect on uterine contractility when used 
on its own but potentiated the contractile activity 
induced by norepinephrine in myometrium isolated 
from pregnant women [16]. This dissimilarity may be 
due to different effects of melatonin on species. It is 
also possible that the dose used in that study (up to 1 
µM) may be insuffi cient to produce any inhibition. 

Tissue- and species dependent variations of mel-
atonin-induced responses in myometrium and in 
smooth muscle at large might be due to the presence 
of different melatonin receptor subtypes. Melatonin 
receptors have been shown to be expressed in endo-
metrium of the rat uterus [22].

The melatonin effect may not always involve its 
interaction with specifi c receptors. It is shown that 
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melatonin produced concentration-dependent inhi-
bition of porcine coronary artery, pulmonary artery 
and marginal artery of the colon pre-contracted 
with PGF2α in a mechanism not involving currently 
known melatonin receptors and inhibition of cyclic 
GMP-specifi c phosphodiesterase [23].

Further studies for characterization of the role of 
melatonin receptors in inhibitory response to mela-
tonin in rat myometrium using specifi c pharmacolog-
ical receptor agonist and antagonists are necessary. 
But presently the lack of melatonin receptor subtype-
selective agonists and antagonists prevents the full 
pharmacological characterization of these responses.

The controversial results obtained in the studies 
with melatonin may result from the use of different 
methods for dissolving melatonin. Ethanol has been 
used in other studies [15, 16] for dissolving melatonin. 
We found that ethanol caused inhibition o f contrac-
tion by its own but we found no effect of DMF on myo-
metrial contractions. There are many reports relating 
to the effects of ethanol on uterine contractility [24]. 
Therefore; we used DMF which effectively dissolves 
melatonin and have no effect on uterine contractility 
at the concentration used in the present study. 

The mechanism by which melatonin exerts its 
relaxing effect on myometrium remains to be clar-
ifi ed. Our fi nding that melatonin inhibited sponta-
neous contractions shows that melatonin may have 
direct effects on ion channels which are responsible 
for the pacemaker activity regulating contraction of 
myometrium or may change membrane potentials 
affecting the other ion channels. 

Possible involvement of Ca2+-activated K+ chan-
nels in the inhibitory effect of melatonin on myome-
trial contractions was tested using selective small con-
ductance Ca2+-activated K+ channel blocker apamin. 
It is known that in smooth muscles opening Ca2+-acti-
vated K+-channels may provide negative feedback to 
the excitation contraction coupling by hyperpolarizing 
the membrane potential and subsequently decreas-
ing Ca-infl ux mediated by voltage gated calcium chan-
nels [25]. That apamin did not effect the inhibition by 
melatonin rules out the possibility of involvement of 
small conductance Ca2+ activated K+ channels, which 
are sensitive to apamin. Ca2+-cativated K+ channels 
are highly selective to apamin which effectively blocks 
these channels at nanomolar concentrations [26]. In 
contrast to our fi ndings apamin has reported to com-
pletely prevent melatonin-induced inhibition of ileal 
smooth muscle contractions [27] but only partially 
blocked the melatonin serotonin-induced contractions 
of rat gastric fundus [28]. 

Although we have no direct evidence, another 
possible mechanism of melatonin-induced inhibition 
of myometrail contractility is its interaction with 
calmodulin. Melatonin has been shown to bind 

with high affi nity to Ca2+-activated calmodulin [29]. 
Melatonin may prevent Ca-calmodulin complex from 
activation of myosin light chain kinase and thus, the 
contraction rate of myometrium may decrease. This 
hypothesis needs to be clarifi ed by the studies regu-
lating intracellular calcium and calmodulin. 

As shown in the fi gures 5 and 6, the inhibitory 
action of melatonin on myometrium was found to be 
more effective in pregnant rats than non-pregnant 
ones. This effect may result from an increase in the 
sensitization of myometrium to melatonin by oes-
tradiol near labor. Exogenous 17beta-estradiol aug-
mented the effect of melatonin on MT2 receptors, 
resulting in vasodilatation of rat caudal artery [30]. A 
similar mechanism may play a role in uterus though 
MT2 receptors have not been shown to be present 
in uterus. There is additional evidence that estrogen 
modulates the effect of melatonin on smooth muscle 
contraction. Melatonin was found to be ineffective 
in untreated postmenopausal women whereas in hor-
mone replacement therapy (HRT)-treated women, 
melatonin reduced systolic diastolic and mean blood 
pressure [31]. 

When high KCl (30 mM) was applied after melato-
nin-induced complete inhibition of contractions only 
modest contractions of myometrial strips, which were 
initially found to be responsive to high KCl (30 
mM) application, were observed suggesting possible 
involvement of inhibition of voltage dependent Ca2+ 
channels in inhibitory effect of melatonin. Similar 
results were observed in rat ileal smooth muscle 
where Ca2+ channels were reported to be indispens-
able for melatonin-induced inhibitory response to 
occur [27]. To confi rm the idea of the signifi cant role 
of voltage dependent Ca2+ channels in melatonin-
induced inhibition of myometrial contractility, elec-
trophysiological evidence using isolated myometrial 
cells would be necessary.

Our fi nding that melatonin has been pharmacolog-
ically shown to inhibit myometrial contraction may 
have clinical importance. It has been proposed that 
the development of spontaneous abortions may result 
from a failure of the pineal gland to release melatonin 
suffi ciently [32].

Melatonin may be useful for prevention of preterm 
labor. Melatonin is mainly synthesized in the pineal 
gland. It has been shown that melatonin is also syn-
thesized in extrapineal tissues especially so-called 
APUD (amine precursor uptake decarboxylation) cells 
[33]. If melatonin is also synthesized in the uterus, 
it may have a more important role than estimated in 
pregnancy and labor. Melatonin may have a contribu-
tion to maintenance of pregnancy by directly relaxing 
myometrium. 

In conclusion, melatonin inhibits spontaneous and 
oxytocin-induced contractions and this melatonin 
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action is may be due to inhibition of Ca2+ channels. 
Melatonin may have an important physiological role 
in control of pregnancy and in prevention of pre-term 
labor.  

 REFERENCES
   
  1 Forsling ML, Stoughton, RP, Zhou Y, Kelestimur H, Demaine C. 

The role of the pineal in the control of the daily patterns 
of neurohypophysial hormone secretion. J Pineal Res 1993; 
14:45–51.

  2 Yilmaz B, Kutlu S, Mogulkoc R, Canpolat S, Sandal S, Tarakci, et al. 
Melatonin inhibits testosterone secretion by acting at hypothal-
amo-pituitary-gonadal axis in the rat. Neuroendocrinology Letters 
2000; 21: 301–306. 

  3 Kus I, Sarsilmaz M, Ogeturk M, Yilmaz B, Kelestimur H, Oner H. 
Ultrastructural interrelationship between the pineal gland and the 
testis in the male rat. Archives of Andrology 2000; 45: 119–124. 

  4 Kilic E, Ozdemir YG, Bolay H, Kelestimur H, Dalkara T. Physiological 
melatonin release as well as exogenously given melatonin protect 
brain against focal ischaemia. J Cereb Blood Flow Metab 1999; 19: 
511–516.

  5 Guerrero JM, Reiter RJ. A brief survey of pineal gland-immune 
system interrelationships. Endocr Res 1992; 18: 91–113.

  6 Harlow HJ, Weekley BL. Effect of melatonin on the force of spon-
taneous contractions of in vitro rat small and large intestine. J 
Pineal Res 1986; 3: 277–84. 

  7 Lucchelli A, Santagostino-Barbone MG, Tonini M. Investigation 
into the contractile response of melatonin in the guinea-pig iso-
lated proximal colon: the role of 5-HT4 and melatonin receptors. 
Br J Pharmacol 1997; 121: 1775–8

  8 Regrigny O, Delagrange P, Scalbert E, Lartaud-Idjouadiene I, Atkin-
son J, Chillon JM. Effects of melatonin on rat pial arteriolar diam-
eter in vivo. Br J Pharmacol 1999; 127: 1666–1670.

  9 Geary GG, Duckles SP, Krause DN. Effect of melatonin in the rat tail 
artery: role of K+ channels and endothelial factors. Br J Pharmacol 
1998; 123: 1533–1540.

10 Wu L, Wang R, de Champlain J. Enhanced inhibition by melato-
nin of alpha-adrenoceptor-induced aortic contraction and inositol 
phosphate production in vascular smooth muscle cells from spon-
taneously hypertensive rats. J Hypertens 1998; 16: 339–47.

11 Ting N, Thambyraja A, Sugden D, Scalbert E, Delagrange P, Wilson 
VG. Pharmacological studies on the inhibitory action of mel-
atonin and putative melatonin analogues on porcine vascular 
smooth muscle. Naunyn Schmiedebergs Arch Pharmacol 2000; 
361: 327–333.

12 Uchida K, Aoki T, Satoh H, Tajiri O. Effects of melatonin on muscle 
contractility and neuromuscular blockade produced by muscle 
relaxants. Masui 1997; 46: 205–212.

13 Gimeno MF, Landa A, Sterin-Speziale N, Cardinali DP, Gimeno 
AL. Melatonin blocks in vitro generation of prostaglandin by the 
uterus and hypothalamus. Eur J Pharmacol 1980; 62: 309–317.

14 Rillo AG, Reyes-Vázquez C, Bermúdez-López C, Castilla-Serna L. 
Uterine contraction induced by carbachol is inhibited by melato-
nin. Ginecol Obstet Mex 1993; 61: 40–4.

15 Drogovoz SM, Ryzhenko IM. The tocolytic activity of melatonin. 
Eksp Klin Farmakol 1993; 56: 23–25.

16 Martensson LG, Andersson RG, Berg G. Melatonin together with 
noradrenaline augments contractions of human myometrium. Eur 
J Pharmacol 1996; 316:273–5.

17  Sadowsky DW, Yellon S, Mitchell MD, Nathanielsz PW. Lack of 
effect of melatonin on myometrial electromyographic activity in 
the pregnant sheep at 138–142 days gestation (term = 147 days 

Melatonin inhibits spontaneous and oxytocin-induced contractions of rat myometrium in vitro

gestation). Endocrinology 1991; 128: 1812–8.
18 Cardinali DP, Ritta MN, Fuentes AM, Gimeno MF, Gimeno AL. Pros-

taglandin E release by rat medial basal hypothalamus in vitro. 
Inhibition by melatonin at submicromolar concentrations. Eur J 
Pharmacol 1980; 67: 151–3.

19  Cardinali DP, Ritta MN, Fuentes AM, Gimeno MF, Gimeno AL. Pros-
taglandin E release by rat medial basal hypothalamus in vitro. 
Inhibition by melatonin at submicromolar concentrations. Eur J 
Pharmacol 1980; 67: 151–3.

20 Cuzzocrea S, Costantino G, Mazzon E, Caputi AP. Regulation of 
prostaglandin production in carrageenan-induced pleurisy by mel-
atonin. J Pineal Res 1999; 27: 9–14.

21 O’Brien WF. The role of prostaglandins in labor and delivery. Clin 
Perinatol 1995; 22: 973–84.

22 Zhao H, Poon A, Pang SF. Pharmacological characterization, molec-
ular subtyping, and autoradiographic localization of putative mel-
atonin receptors in uterine endometrium of estrous rats. Life Sci 
2000; 66: 1581–91.

23 Ting N, Thambyraja A, Sugden D, Scalbert E, Delagrange P, Wilson 
VG. Pharmacological studies on the inhibitory action of mel-
atonin and putative melatonin analogues on porcine vascular 
smooth muscle. Naunyn Schmiedebergs Arch Pharmacol 2000; 
361: 327–33.

24 Lauersen NH, Wilson KH, Fuchs FF. The inhibitory effect of etha-
nol on oxytocin-induced labor at term. J Reprod Med 1981; 26: 
11547–50.

25 Nelson MT, Patlak JB, Worley JF, Standon NB. Calcium channels, 
potassium channels, and the voltage-dependence of arteriel 
smooth muscle tone. Am J Physiol 1990; 259: C3–C18.

26 Harvey AL, Rowan EG, Vatanpour H, Fatehi M, Castaneda O, Karls-
son E. Potassium channel toxins and transmitter release. Ann N Y 
Acad Sci 1994; 710: 1–10.

27 Reyes-Vazquez C, Naranjo-Rodriguez EB, Garcia-Segoviano JA, Tru-
jillo-Santana JT, Prieto-Gomez B. Apamin blocks the direct relax-
ant effect of melatonin on rat ileal smooth muscle. J Pineal Res 
1997; 22: 1–8.

28 Storr M, Schusdziarra V, Allescher HD. Inhibition of small con-
ductance K+-channels attenuated melatonin-induced relaxation of 
serotonin-contracted rat gastric fundus. Can J Physiol Pharmacol 
2000; 78: 799–806.

29 Ouyang H, Vogel HJ. Melatonin and serotonin interactions with 
calmodulin: NMR, spectroscopic and biochemical studies. Biochim 
Biophys Acta 1998; 1383: 37–47.

30 Doolen S, Krause DN, Duckles SP. Estradiol modulates vascular 
response to melatonin in rat caudal artery. Am J Physiol 1999; 
276: H1281–1288.

31 Cagnacci A, Arangino S, Angiolucci M, Melis GB, Tarquini R, Renzi 
A, et al. Different circulatory response to melatonin in postmeno-
pausal women without and with hormone replacement therapy. J 
Pineal Res 2000; 29: 152–158.

32 Sainz RM, Reiter RJ, Mayo JC, Cabrera J, Tan DX, Qi W, et 
al. Changes in lipid peroxidation during pregnancy and after deliv-
ery in rats: effect of pinealectomy. J Reprod Fertil 2000; 119: 
143–149.

33 Kvetnoy IM. Extrapineal melatonin: location and role within dif-
fuse neuroendocrine system. Histochem J 1999; 31: 1–12.

   


