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Multiple functions of melatonin beyond
sleep

Melatonin is one of the most important elements in the
circadian rhythm governed by the suprachiasmatic nucleus
and is mainly stimulated by light exposure and food intake
[1]. Melatonin has been considered to have an indirect
relationship with cardiovascular events via both the duration
and quality of sleep, which are both controlled by melato-
nin. Recent studies have revealed roles of melatonin beyond
sleep, such as antihypertension, anticancer, antiapoptotic,
and antiplatelet effects (Fig. 1) [2]. These multiple functions
of melatonin could be caused directly by melatonin, since
melatonin receptors are present in many organs, such as the
brain, retina, cardiovascular system, cardiac ventricular
wall, aorta, coronary and cerebral arteries, liver, gallbladder,
duodenal enterocytes, colon, cecum, appendix vermiformis,
skin, parotid gland, exocrine pancreas, kidneys, immune
cells, platelets, brown and white adipocytes, breast and
prostate epithelial cells, ovaries, granulosa cells, myome-
trium, placenta, and fetal kidneys [3]. Moreover, melatonin
receptors have several variations, such as melatonin recep-
tor type la (MT1), melatonin receptor type 1b (MT2),
retinoid-related orphan nuclear hormone receptor, and
melatonin-related orphan receptor, which could contribute
the multiple functions of melatonin. However, the precise
functions of all these receptors remain unclear [3]. Blood
pressure, sodium excretion from the kidney, and proteinuria
are usually affected by the circadian rhythm, so they are
also considered to be indirectly controlled by melatonin via
sleep. Since salt cannot be consumed while sleeping, salt
excretion by the kidney is reduced, and blood pressure
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decreases at night [4]. However, a recent study revealed that
reduced salt excretion might be directly caused by melato-
nin, resulting in changes to the circadian rhythm of blood
pressure [5]. Moreover, melatonin was recently reported to
have a direct vascular dilation effect, resulting in blood
pressure-lowering effects systemically [2]. These new
findings indicate that melatonin is a key player with direct
health benefits rather than a secondary player acting only
through sleep [4].

Melatonin and pregnancy

In terms of pregnancy, melatonin has been considered to
have an indirect relationship with a healthy continuation of
pregnancy via sleep because good sleep contributes to good
health in pregnant women (Fig. 2). Many herbivores deliver
infants at night, and the time of delivery of humans is also
predominantly at night. Pregnancy has a strong relationship
with sex hormones, which have a circadian rhythm. These
phenomena implicate that there is a direct relationship
between pregnancy and melatonin (Fig. 2). Indeed, it was
reported that melatonin produced in the ovary and placenta
influenced fetal growth [6]. During delivery, the maternal
melatonin rhythm is augmented to induce uterine con-
tractility [7]. There are several serious complications that
can occur during the late phase of pregnancy, such as pre-
eclampsia, eclampsia, and HELLP syndrome. These com-
plications are accompanied by gestational hypertension, and
gestational hypertension induces endothelial dysfunction
and coagulation reactions, which cause serious conditions
[7, 8]. Recent studies have revealed the mechanism of these
complications and their many related factors [8, 9], but at
this point, the most effective therapy for these complications
is termination. Melatonin remains a therapeutic nontarget
for complications in the late phase of pregnancy. However,
melatonin might have a direct or indirect relationship with
the stabilization of pregnancy and fetal development since
melatonin may have a relationship with blood pressure,
including gestational hypertension.
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Fig. 1 Relationships between the circadian thythm and CVD events,
including hypertension, through melatonin. The circadian rhythm,
governed by the suprachiasmatic nucleus in the brain, is mainly Uterus
regulated by photostimulation and food intake. According to the cir- Umbilical arte ry
cadian rhythm, melatonin is secreted into the brain as well as the

systemic bloodstream. Melatonin induces sleep, whereby it indirectly
protects against CVD events and hypertension. However, recent
findings revealed direct melatonin functions, such as antihypertension,
anticancer, and antiapoptotic effects, which might directly protect
against CVD events and hypertension

Possibility of targeting melatonin for late-
phase complications of pregnancy, including
gestational hypertension

Sun et al. originally established a gestational hypertension
mouse model, and melatonin supplementation ameliorated
hypertensive phenotypes in these mice. It also enhanced
the uterine artery endothelial response to acetylcholine via
the BKCa potassium channel [10], which was suppressed
by the development of preeclampsia. They found that
melatonin improved pregnancy outcomes in mice, as
evaluated by the fetal live ratio, fetal weight, and placental
weight. Melatonin has been considered to have an indirect
relationship with the safety of pregnancy through good
sleep. However, these new findings suggest that melatonin
could directly contribute to the stabilization of blood
pressure during pregnancy (Fig. 2). Drug safety is highly
important during pregnancy because the drug should be
safe for both mother and fetus. Therefore, drugs for
gestational hypertension, eclampsia, and HELLP syn-
drome are limited, and it is difficult to evaluate the safety
of the drugs clinically. As melatonin is an endogenous
hormone that has been used as a hypnotic drug, melatonin
is expected to be able to successfully treat serious

!

Circadian Rhythm of Delivery
Gestational Hypertension

Fig. 2 Relationship between the circadian rhythm and pregnancy,
including gestational hypertension and melatonin. According to the
circadian rhythm, melatonin is secreted into the brain as well as the
systemic bloodstream. Melatonin induces sleep, which indirectly
contributes to the circadian rhythm of labor and the stability of blood
pressure during pregnancy. However, recent findings indicated that
melatonin could directly ameliorate gestational hypertension, resulting
in improvement of pregnancy outcomes

complications during pregnancy. There are many unre-
solved details about the use of melatonin as a therapeutic
drug for gestational hypertension. First, the dose and the
number of doses of melatonin to treat gestational hyper-
tension should be evaluated. At this point, melatonin has
been evaluated only as a sleep inducer. Second, the safety
of new doses as treatments for gestational hypertension
should be evaluated in both mothers and fetuses. Third,
the efficacy of melatonin as a remedy for gestational
hypertension should be evaluated, although the results in
mice are promising. Melatonin and its analogs have
become candidate medicinal therapies for gestational
hypertension because effective drugs for complications of
the late phase of pregnancy are limited.
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