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Reviev

Melatonin, is the primary synchronizing agent acting primarily on the circadian sleep pattern and has
some roles in reproduction. Melatonin receptors have been identified in suprachiasmatic nuclei, pars tu-
beralis, ovary, uterus, follicular cells, and the oocyte. Melatonin is also a direct free radical scavenger
and modulates the oxidative environment in the reproductive tract. It serves as an anti-oxidant agent and
protects the oocyte and the embryo from oxidative damage. In this review article, we summarized the
likely fertility impairing activity of melatonin in the infertility treatments.
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Introduction

Melatonin, or N-acetyl-5-methoxytryptamine, produced
mainly in the mammalian pineal gland, is the primary syn-
chronizing agent of the circadian sleep pattern.! The relation-
ship of the circadian rhythm and melatonin to the sleep-wake
cycle has been extensively studied. Melatonin also has an im-
portant role in human reproduction.>*

The effects of melatonin on reproduction are produced via
the hypothalamus and the anterior pituitary.’ Melatonin has
multiple action sites in the reproductive system and other parts
of the body. Its receptors have been demonstrated in the

suprachiasmatic nuclei, pars tuberalis, ovaries and the uterus.
34,6

The reproductive action of melatonin is produced by the
direct binding of the hormone to its receptors and as a result
of its antioxidant activity in the reproductive microenviron-
ment, facilitating oocyte-sperm interaction, embryonic devel-
opment, and implantation.

Reactive species and reproduction

Reactive oxygen species (ROS) are unstable molecules
that are generated from aerobic metabolism. Their outer shells
contain one or more unpaired electrons allowing them to in-
teract with other molecules in order to achieve a stable con-
figuration of electrons. Such reactions in turn convert other
molecules into free radicals. Oxygen (0O2), with its two un-
paired electrons, is highly prone to radical formation in bio-
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logical systems. Molecules reacting with O2 can produce free
radicals, which have important effects on various organs.’
Some of the most biologically-relevant free radicals are listed
in table 1.

Table 1: Free radicals and toxic metabolites

Molecular oxygen 02
Superoxide radical O2-
Hydroxyl radical OH-
Alcoxyl radical RO-
Peroxyl radical ROQO-
Hydrogen He
Ozone O3
Hydrogen peroxide H202

Antioxidant enzymes like superoxide dismutase (SOD),
catalase and gluthatione peroxidase are involved in the neu-
tralization of free radicals. Superoxide (O2—) is produced by
the transfer of an electron to an O2 molecule, leaving a single
unpaired electron. Further reduction of superoxide with a sec-
ond electron results in the formation of hydrogen peroxide
(H202). These free radicals can form other unstable molecules
(Figure 1). Neutralization of O2— and H202 by antioxidant
molecules are shown in figure 2.

Figure 1: An example of a free radical reaction
02—+ H202 — OHe +OH + O2

Figure 2: The enzymatic pathway of the antioxidant action of
catalase and superoxide dismutase. (SOD).

Toxic free radicals are converted to water and oxygen.
SOD GPx/Catalase
02— — H202+ 02 H202 — H20

SOD: Superoxide dismutase; GPx: Gluthatione peroxidase/ Catalase

ROS cause cellular damage by interacting with intracellu-
lar components like lipids, proteins and nucleic acids.
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Exposure of cell membrane lipids to free radicals results in
lipid peroxidation and disturbs membrane integrity, perme-
ability and ion transport. Free radicals also act on the lysoso-
mal membrane, resulting in increased permeability and release
of various enzymes into the cytoplasm, triggering a cascade of
intracellular destruction. Unlike nucleic acids whose interac-
tion with free radicals may result in mutations and cell death,
proteins are more resistant to the damaging effects of ROS.

Melatonin as a free radical scavenger

Free radicals co-exist with the protective family of antiox-
idant enzymes.® Some of the enzymatic and non-enzymatic
antioxidants are presented in table 2. Non-enzymatic antioxi-
dants are also known as free radical scavengers, which include
alpha tocopherol (vitamin E), ascorbic acid (vitamin C) and
uric acid. Melatonin, which possesses antioxidant activity, is
another newly pronounced free radical scavenger.’

Table 2: Antioxidant mechanisms, enzymes and molecules

Mitochondrial cytochrome oxidase system
Superoxide dismutase
Catalase

Gluthatione peroxidase
a —tocopherol
B-carotene

Ascorbic acid

Urate

Cyctine
Ceruloplasmine
Transferin

Oxidative stress in infertility

The role of oxidative stress in female reproduction has
been increasingly studied. Free radicals are regulatory media-
tors in ovarian functioning, including folliculogenesis and
steroidogenesis.!? Riley et al. demonstrated the action of ROS
and antioxidant enzymes in oocyte maturation, ovulation, and
luteal development.!' Glutathione peroxidase and manganese
superoxide dismutase (MnSOD), found to be expressed in
metaphase II (MII) ooocytes, were two of the antioxidant en-
zymes involved in ovarian cycling activity.

The oxidative radicals play an important role as intracel-
lular and intercellular messengers in the ovary and mediate a
series of reactions involving ovarian germ cells and stromal
cells.’® ROS are neutralized by the ovarian antioxidant en-
zymes, which promote a protective microenvironment for the
oocyte and the embryo.!*

ROS and antioxidants are also expressed in the en-
dometrium, where superoxide dismutase demonstrates a
cyclic change. Decreased levels of the enzyme are seen in the
late secretory phase.!” Several studies were conducted to elu-

cidate the role of oxidative species in menstruation and en-
dometrial shedding. A correlation between ROS production
and endometriosis was investigated. Some studies demon-
strated increased levels of ROS in endometrial implants and
peritoneal fluids of patients with endometriosis.!®!7 but others
failed to confirm the role of ROS in the pathogenesis of en-
dometriosis.'$!1?

Melatonin, a free radical scavenger’can inactivate oxygen
and nitrogen radicals.?*?! This action is exerted by melatonin
and its metabolites (cyclic 3-hydroxmelatonin, N1-acetyl-N2-
formyl-5-methoxykynuramine, and Nl-acetyl-5-methoxyk-
ynuramine).?> All of the metabolites are present in ovarian tis-
sue and follicular fluid.?* The effects of melatonin on repro-
ductive functioning were found to be a result of alteration of
hormonal levels and by the antioxidant activity against oxida-
tive stress.?*?* Adriaens et al. demonstrated increased levels of
progesterone and androgen in murine pre-antral follicles, cul-
tured with melatonin.?¢ Tanavde et al. also studied the effects
of melatonin on follicular development and obtained similar
results.” In pinealectomized animals, Soares et al. demon-
strated an increased number of atretic follicles and hormonal
imbalance with elevated estradiol and reduced progesterone
levels.?” These studies support the well known role of mela-
tonin as a regulatory hormone of reproductive function and in-
dicate that its disproportion may contribute to infertility.

Melatonin has an anti-ovulatory action when administered
exogenously. It decreases luteinizing hormone levels and
blocks ovulation, Luteal phase progesterone is increased by
the effect of melatonin.?®

In Vitro Fertilization (IVF) has also been studied in asso-
ciation with the application of melatonin. The main action of
melatonin on the oocyte and the embryo may be via its an-
tioxidant activity. Oxidative stress is associated with poor
oocyte quality and fertilization failure.??3° Follicles and gran-
ulosa cells in such cases have been found to contain an in-
creased level of ROS.? Hyrdroxyl radical, superoxide and hy-
drogen peroxide are the most commonly known free radicals
and are believed to be responsible for the destruction of oocyte
cell membranes, DNA damage and acceleration of apoptosis.
31 Fragmented embryos had higher levels of H202, when com-
pared to those that were not fragmented, and levels of free rad-
icals were higher in non-fertilized oocytes.*> Increased levels
of antioxidants were found in embryos with poor maturation,
suggesting a reaction to increased oxidative stress.??
Antioxidant enzymes have the key role of protecting the
oocyte against these radicals. Paszkowski et al. studied glutha-
tione peroxidase and showed that the levels of the enzyme in
the follicular fluid were lower in patients with unexplained in-
fertility.>*



Antioxidant administration for fertility treatments

In the light of these studies, it is thought that adequate an-
tioxidant activity in the microenvironment of the reproductive
organs may help to treat infertility. Therefore, exogenous ad-
ministration of an antioxidant may increase fertility by im-
proving the balance between ROS and antioxidants.
Melatonin, a radical oxygen scavenger, can be used in the
treatment of infertility.

Melatonin was used in women with a history of poor
oocyte quality. Rizzo et al. used melatonin with myo-inositol
(an amino acid involved in cell proliferation) and folic acid.*
He studied the effects of melatonin in patients with a history
of poor oocyte quality, and concluded that melatonin im-
proved oocyte quality and increased the fertility rate when
used together with myo-inositol and folic acid. The antioxi-
dant action of melatonin was highlighted in their study.
Tamura et al. also studied patients with poor oocyte quality in
a previous IVF cycle and administered melatonin in the sub-
sequent cycle.?* Melatonin administration increased the rate of
fertilization and pregnancy, and decreased the level of in-
trafollicular 8-hydroxy-2¢-deoxyguanosine (8-OHdG, a DNA
repair enzyme whose concentration is a measurement of ox-
idative stress). Hemadi et al. administered melatonin to rats
with transplanted ovaries and studied oocyte maturation.’” He
showed that in rats that were administered melatonin, primor-
dial follicles of the grafted ovary developed into the next stage
more efficiently and showed all of the necessary morphologi-
cal changes of oocyte maturation. Eryilmaz et al. also showed
the enhancing effect of melatonin on oocyte quality in patients
who had sleep disturbances and were also receiving IVF treat-
ment.

Most of the studies showed the boosting impact of mela-
tonin on fertility and IVF outcomes. Direct free radical scav-
enging, indirect antioxidant action and receptor modulated
hormonal regulation are effects of melatonin described in as-
sociation with reproduction. Melatonin activity in infertile
women may be disturbed. Melatonin receptor defects may ac-
count for poor oocyte quality in unexplained infertility.
Melatonin may take its place in the group of antioxidant
drugs. More studies about melatonin and its effects on fertility
may advance new treatment strategies or even help resolve in-
fertility in a certain group of patients.

infertilite de Melatonin

Primer olarak uyku fizyolojisinde gorev alan melatonin, ayni
zamanda Ureme fizyolojisinde de etkilidir. Melatonin reseptor-
leri, suprakiazmatik nikeusta, pars tuberaliste, overde, uterus-
ta, follikller hiicrelerde ve oosit lizerinde tespit edilmistir. Mela-
tonin, direk serbest radikal koruyucusudur, bu etki ile oosit ve
embiryoyu oksidatif zedelenmeden korur ve anti-oksidan etki
ile mikro-ortamini iyilestirir. Derleme olarak sundugumuz bu
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calismada, melatoninin, fertilite Gzerindeki olumlu etkilerini ve
infertilite tedavilerine olabilecek muhtemel faydalarini 6zetle-
meye calistik.

Anahtar Kelimeler: Melatonin, Antioksidan, IVF
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