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The role of melatonin in the light of current knowledge
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ABSTRACT
KEY WORDS: Recent studies have shed new light on the role of melatonin. Local tis-
melatonin, metabolism, sue synthesis has been investigated. A special system responsible for
skin synthesis. the synthesis and metabolism of melatonin has developed in the hu-

man skin. The primary role of melatonin is the regulation of circadian
SLtOWA KLUCZOWE: rhythms, but studies have demonstrated the diversity of its activities.
melatonina, metabolizm, Potent antioxidant action of melatonin in the skin is emphasized. The
synteza skérna. skin has developed a specific antioxidant melatoninergic system which

protects against oxidative stress. Presence of melatonin metabolites in
the skin confirms its strong antioxidant properties. Melatonin has the
ability to restore the physiological balance between synthesis and deg-
radation of extracellular matrix proteins by induction of heme oxygen-
ase in murine fibroblasts irradiated with UVR. There is a hypothesis
concerning the participation of melatonin in etiology of vitiligo. Distur-
bances of melatonin skin synthesis and dysregulation of its receptors
may explain the pathogenesis of disease.

STRESZCZENIE

Prowadzone w ostatnich latach badania rzucaja nowe $wiatlo na role
melatoniny. Wskazuje si¢ na jej lokalng i tkankowa synteze. W skoérze
rozwinat sie specjalny system, ktéry odpowiada za synteze oraz meta-
bolizm melatoniny. Podstawowa rolg melatoniny jest regulacja rytmu
dobowego, jednak liczne badania wykazaty réznorodnosc jej dziatania.

ADDRESS FOR Podkresla sie silne dziatanie antyoksydacyjne melatoniny w skoérze,
CORRESPONDENCE: ktora rozwineta specyficzny antyoksydacyjny system melatoniner-
Barbara Algiert giczny chronigcy przed stresem oksydacyjnym. Obecnosé metaboli-
Department of Cosmetology tow melatoniny w skorze dodatkowo potwierdza jej silne wlasciwosci
and Aesthetic Dermatology antyoksydacyjne. Melatonina ma zdolno$¢ do przywracania réwno-
Medical University of Lodz wagi fizjologicznej pomiedzy synteza a rozpadem protein macierzy
Lindleya 6 zewnatrzkomoérkowej przez indukcje oksygenazy hemowej w mysich
90-131 Lodz, Poland fibroblastach naswietlanych promieniowaniem UV. Istnieje hipoteza
Phone: +48 208 127 660 dotyczaca udzialu melatoniny w bielactwie nabytym, wedlug ktorej
E-mail: zaburzenia jej skornej syntezy i rozregulowanie jej receptoréw moga
barbara.algiert@umed.lodz.pl tlumaczy¢ patogeneze tej choroby.
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INTRODUCTION

Over 50 years ago, melatonin (N-acetyl-5-methoxy-
tryptamine) was isolated from the pineal gland, and
was considered a hormone synthesized primarily by
this organ. Melatonin was initially defined as a light-
ening factor of amphibians” skin due to its interaction
with melanocytes. Subsequent years revealed that
melatonin is present in the bodies of all vertebrates
and is involved in regulation of the circadian rhythm
and the annual cycle. Further studies have demon-
strated its presence in many organisms such as bacte-
ria, plants, invertebrates, and eukaryotes [1, 2].

The small size and lipophilic nature of the mela-
tonin molecule make it easy to penetrate into intra-
cellular structures, being thus their protector. It is
now known that melatonin is a pleiotropic bioreg-
ulator. It participates in regulation of the immune
response and inhibits tumor growth. Regardless of
these characteristics, melatonin also has direct re-
ceptor-independent properties - it is a potent antiox-
idant, chemotoxic activity reducing agent in tumor
treatment and a potential antiaging substance [2, 3].

Numerous studies have demonstrated the capaci-
ty of local tissue to synthesize melatonin. Cutaneous
synthesis of melatonin occurs in the epidermis, der-
mis and skin appendages. Furthermore, the skin has
the ability to metabolize this hormone. The result-
ing metabolites, in particular AFMK (N1-acetyl-N2-
formyl-5-methoxykynuramine), are extremely potent
free radical scavengers [2-4]. Especially noteworthy
is the antioxidant role of melatonin in the skin. Pre-
sumably due to UV radiation, the skin has developed
a specific antioxidant melatoninergic system (MAS),
which has a protective role against UV radiation-in-
duced oxidative stress [2-4]. There is a hypothesis on
the involvement of melatonin, and more specifically
MAS, in the pathogenesis of vitiligo. Disturbances of
cutaneous synthesis of melatonin can damage DNA
in skin cells. This is connected with the strong antiox-
idant properties of the hormone. Abnormal cutane-
ous synthesis of melatonin may result in the absence
or deficiency of the hormone. Radicals arising from
the melanogenesis are not scavenged and their accu-
mulation leads to melanocyte damage [5-7].

CUTANEOUS SYNTHESIS OF MELATONIN

The main biosynthetic pathway of melatonin,
regardless of the type of cells in which melatonin
is synthesized, is a series of enzymatic biochemical
transformations (5-hydroxylation, decarboxylation,
N-acetylation, O-methylation) whose onset is in
one of the most important amino acids - L-trypto-
phan (1). The synthesis of melatonin can occur by
alternative O-methylation of serotonin followed by
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N-acetylation of 5 methoxytryptamine, or O-meth-
ylation and then decarboxylation of tryptophan and
N-acetylation [3-5].

Studies carried out on golden Syrian hamsters
have demonstrated that the skin of rodents exhibits
activity for AANAT (serotonin N-acetyltransferase),
a key enzyme in melatonin synthesis, and is able to
convert serotonin into melatonin ex vivo. These find-
ings have initiated a series of studies showing that the
skin of other mammals (including humans) is capa-
ble of synthesis of this hormone. The process of creat-
ing melatonin in the skin is made possible by a high
concentration of L-tryptophan molecules, which are
the precursors necessary for melatonin biosynthesis.
The cutaneous melatoninergic system includes gene
expression, protein synthesis, previously mentioned
AANAT activity and also hydroxyindole-O-methyl-
transferase (HIOMT) and tryptophan hydroxylase
(TPH) with its isoforms TPH1 and TPH2 [3-5].

Melatonin biosynthesis (fig. 1) in the skin takes
place in four stages:

1) L-tryptophan (1) in the presence of TPH under-
goes hydroxylation to form 5-hydroxytryptophan
(2) [3-5]. Tryptophan hydroxylase is located in
the epidermis and in hair follicles and eccrine
sweat glands. The highest expression of TPH is
shown in melanocytes.

2) The second stage involves decarboxylation of
5-hydroxytryptophan (2) to serotonin (3) in the
presence of aromatic amino acid decarboxylase
(AAD).

3) Serotonin is then subjected to N-acetylation in
the presence of alkylaryl-N-acetyltransferase
(AANAT), thereby forming N-acetylserotonin
(4). This process occurs in epidermal and dermal
cells and appendages.

4) The final step is O-methylation of N-acetylseroto-
nin (4) involving hydroxyindole-O-methyltrans-
ferase (HIOMT), in which the final product, mel-
atonin, is obtained (5) [3-5].

An alternative synthesis pathway of melatonin
comprises acetylation of serotonin (3) in the presence
of arylamine N-acetyltransferase (NAT), independ-
ent of AANAT. Detection of AANAT activity and
immunoreactivity of melatonin in various layers of
the human epidermis suggests that environmental
factors such as sunlight can affect cutaneous synthe-
sis of melatonin [3-5].

MELATONIN RECEPTORS IN THE SKIN

The mechanism of melatonin activity occurs
through binding to intracellular proteins and also
to membrane and nuclear receptors. The membrane
receptors include MT1 (Mel 1a) and MT2 (Mel 1b)
Mel 1; this group of receptors is G protein-coupled.
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Figure |. Melatonin synthesis

Rycina 1. Synteza melatoniny

Mammalian skin exhibits dominant expression of
MT1 receptors. They predominate in stratum gran-
ulosum and stratum spinosum cells. In pathological
conditions, MT1 receptors are found in melanoma
cells and squamous cell carcinoma [1, 3, 8].

MT?2 receptors are present in the inner coating of
the hair, and their expression is associated with the
hair growth cycle. In the case of MT2, UVB radiation
can stimulate or modify their expression in melano-
cytes, keratinocytes and fibroblasts [1, 3, 8].

Skin expression of MT1 and MT?2 is also modified
by genetic, pathological (tumor) and environmental
factors, which include ultraviolet radiation (especial-
ly UVB) [1, 3, 8].

Among the group of nuclear receptors, the sub-
family of retinoid receptors retinoid orphan re-
ceptors/retinoid Z receptors (ROR/RZR) can be
distinguished. There are three main types of these
receptors: RORa, RZRB and RZRy. Their expression

CH,CH,NHC(O)CH,

N-Acetyloserotonin (4)

has been found in the cells of various organs. The
RORa. receptor is present in the skin. Literature data
indicate the possibility of oncostatic and immuno-
modulatory activities of nuclear receptors for mela-
tonin [1, 3, 8].

METABOLISM OF MELATONIN IN THE SKIN

The skin metabolism of melatonin includes the
classical (indole) and enzymatic (kynurenine) path-
way. A non-enzymatic UVB-induced pathway is
a separate one [3, 4, 6, 9].

The indole pathway involves 6-hydroxylation of
melatonin to form 6-hydroxymelatonin in the pres-
ence of CYP1A1, CYP1A2 or CYP1B1 (6) (fig. 2). The
resulting compound is the major metabolite that can
be found in the human body and may be bound by
sulfates in the kidney, giving sulfatoxymelatonin,
which is detectable in the urine [3, 4, 6, 9].

CH,CH,NH, CH,CHO
CH,O CH,O CH,O
3
N\ 3 N\ MAO N\
N
N N
H H H
Melatonin (5) 5-Methoxytryptamine (7) 5-Methoxyindolealdehyde (8)

CH,O

5-Methoxindoleacetic acid (9)

Figure 2. The indole pathway of melatonin metabolism

Rycina 2. Szlak indolowy przemian melatoniny
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Figure 3. Hydroxylation of melatonin

Rycina 3. Hydroksylacja melatoniny

The indole pathway includes the conversion of
melatonin (5) to 5-methoxytryptamine (7), its oxida-
tion (monoamine oxidase) to 5-methoxyindolealde-
hyde in the presence of MAO (8), and then conver-
sion to 5-methoxyindoleacetic acid (9) by aldehyde
dehydrogenase, or to 5-methoxytryptophol (10) by
alcohol dehydrogenase (fig. 3).

The classical pathway is similar to the metabolic
pathway of melatonin occurring in the cells of the
liver, retina, and the skin of amphibians. Alternating
cycles of melatonin caused by the action of reactive
oxygen species or enzymes (i.e. 2,3-dioxygenase,
methylperoxidase) lead mainly to obtaining 2- and
4-hydroxymelatonin and amino acid derivatives of
kynurenic acid (AFMK, AMK) [3, 4, 6, 9].

MELATONIN FUNCTIONS IN THE SKIN

The skin is constantly exposed to the effects of
harmful chemicals and physical agents. Defense
mechanisms have been developed for preserving bal-
ance in its functioning. One of them is melanogene-
sis, which provides protection against UV radiation
[2, 3]. The production of melanin can be controlled
by the local synthesis of melatonin. The extremely
strong antioxidant properties of melatonin should be
emphasized. Recently, the presence of the melatonin-
ergic antioxidant system in the skin (MAS) has been
demonstrated. This system includes the epidermis,
dermis and hair follicles. It is likely that the MAS has
evolved as a result of the defense mechanisms against
environmental factors, in particular UV radiation [3,
10-15]. The antioxidant activity of melatonin is medi-
ated by binding to nuclear receptors ROR/RZR and
stimulation of gene expression of the main antioxidant
enzymes (catalase, glutathione peroxidase). This hor-
mone is a more effective antioxidant than glutathione
and vitamins E and C. In recent years, the presence
of melatonin metabolites in the skin (AFMK, AMK)
has been found. They arise, among other things, as
a result of the non-enzymatic pathway (caused by
UV radiation) [14]. This finding confirms not only
the existence of metabolic pathway induced by UV,
but also the already mentioned antioxidant activity.
Melatonin in the skin reacts with hydroxyl radicals,
resulting in the formation of 2-OH-melatonin and
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4-OH-melatonin, which are subsequently metab-
olized to AFMK. During this process, the hydroxyl
radicals are scavenged, and the resulting adverse
events are reduced directly or indirectly by reducing
lipid peroxidation, protein oxidation, as well as mito-
chondrial and DNA damage. The melatonin metab-
olites AFMK and AMK are more potent free radical
scavengers than melatonin itself [3, 12-16].

Potent antioxidant action of melatonin has been
confirmed by the work of Esrefoglu et al. [17]. The
study showed that the skin of pinealectomized rats
was thinner than the skin of the animals in the con-
trol group. The authors point out that the lack of mel-
atonin leads to defects in the extracellular matrix and
the damaging effects of free radicals cause degrada-
tion of connective tissue proteins, which is associated
with changes in skin thickness [17].

Recent studies indicate the ability of melatonin to
restore the physiological balance between synthesis
and degradation of extracellular matrix proteins by
inducing heme oxygenase in murine fibroblasts irra-
diated with UVR [17]. It is known that UV A radiation
induces oxidative stress in the cells, resulting in oxi-
dation of cellular biomolecules such as DNA and li-
pids. Furthermore, it induces inflammation, activates
phosphatases and protein kinases, and is responsible
for the degradation of extracellular matrix compo-
nents. In addition, UV radiation contributes signifi-
cantly to premature aging of the skin. Harmful oxy-
gen radicals which are formed during UV exposure
have a devastating impact on the structure of the con-
nective tissue. Fibroblasts play a crucial role in the
processes of skin aging - they are responsible for the
synthesis of extracellular matrix components such
as collagen, glycosaminoglycans, and elastin. It has
been observed that heme oxygenase 1 (HO-1) plays
an important role in the protection of fibroblasts, and
melatonin enhances the expression of this enzyme,
which confirms its protective properties for cells [3,
12-16, 18-21]. Melatonin also plays an important on-
costatic role through slowing the growth of tumors
and inhibiting angiogenesis within them. Moreover,
it exerts antiproliferative effects on tumor cells and
enhances the immune response (production of inter-
leukins). The oncostatic effect is inextricably linked
with antioxidant action. Studies show the possibili-
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ty of using melatonin as adjunctive therapy, which
would increase the effectiveness of chemotherapy
and alleviate its course [22, 23]. Melatonin may also
be used in cosmetics. Research was carried out using
a cream which contained a multivitamin complex,
melatonin, and the pure form of vitamin C (L-ascor-
bic acid - LAA) stabilized with resveratrol and Vitis
vinifera [24]. The formulation was intended for appli-
cation to the skin damaged by UV radiation, and the
results showed an improvement in its thickness [24].

MELATONIN AND VITILIGO

After the isolation of melatonin, the hormone was
applied to frog skin and caused its brightening. The
mechanism of skin lightening was based on the in-
duction of aggregation of melanosomes around the
nuclei of melanophores. It is now known that mel-
atonin exerts an inhibitory effect on melanogenesis
by acting on tyrosinase. These interactions are not
dependent on melatonin receptors, and are the re-
sult of metabolic reactions or an unbound receptor
ligand [6, 7]. Vitiligo deserves particular attention in
the context of MAS, as it causes discoloration of the
skin, due to damage of melanocytes. The exact mech-
anism of the disease is unknown. Theories about the
pathogenesis of vitiligo focus on three mechanisms:
autoimmune, autocytotoxic and associated with the
nervous system. There is a hypothesis concerning
the participation of melatonin in vitiligo. Consid-
ering the important antioxidant properties of mela-
tonin, it is hypothesized that dysregulation of MAS
may induce vitiligo and also lead to its progression.
An insufficient amount or lack of local melatonin
synthesis and thus the lack of its metabolite AFMK
increases vulnerability of the epidermis to oxidative
stress. Lack of melatonin, with simultaneous damage
to melanocytes, can eventually lead to their death. It
is also highly probable that the disturbances of me-
latonin receptor mechanisms inhibit the formation
of melanin. Lack of melanin, which is a free radical
scavenger, in conjunction with melanogenesis (in
which toxic intermediates are formed), leads to the
formation of cytotoxic radical forms. Disturbances of
cutaneous synthesis of melatonin, as well as dysreg-
ulation of its receptors (which inhibit the production
of melanin), may explain the pathogenesis of vitiligo.
Hence a vicious circle arises during which oxygen
radicals and hydrogen peroxide are produced, and
their accumulation leads to further damage to cell
DNA, contributing in this way to the disease [5].
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