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Melatonin and its metabolites including 6-hydroxymelatonin (6(OH)M), N'-acetyl-N2-formyl-5-
methoxykynuramine (AFMK) and 5-methoxytryptamine (5MT) are endogenously produced in human
epidermis. This production depends on race, gender and age. The highest melatonin levels are in African-
Americans. In each racial group they are highest in young African-Americans [30-50 years old (yo)], old
Caucasians (60-90 yo) and Caucasian females. AFMK levels are the highest in African-Americans, while
6(0OH)M and 5MT levels are similar in all groups. Testing of their phenotypic effects in normal human

gg;:’r:ﬁfs melanocytes show that melatonin and its metabolites (10-> M) inhibit tyrosinase activity and cell growth,
Melatonin and inhibit DNA synthesis in a dose dependent manner with 10 M being the lowest effective concen-
6-hydroxymelatonin tration. In melanoma cells, they inhibited cell growth but had no effect on melanogenesis, except for 5SMT
AFMK which enhanced L-tyrosine induced melanogenesis. In conclusion, melatonin and its metabolites [6(OH)M,

5-methoxytryptamine AFMK and 5MT] are produced endogenously in human epidermis and can affect melanocyte and mela-

Melanocytes noma behavior.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Melatonin is a hormone and a bioregulator with structure of
methoxyindole, which is present in almost all biological systems
such as animals, plants and microbes (Fischer et al., 2008a; Hardeland
et al,, 2011; Lanoix et al., 2012a; Lerner et al., 1960; Reiter et al.,
2007a, 2007b, 2010; Slominski et al., 2008). It is predominantly syn-
thesized in the pineal gland through a multistep process starting
from hydroxylation of tryptophan and culminating with transfor-
mation of serotonin to N-acetyl serotonin and further methylation
to melatonin (Hardeland et al., 2006; Lerner et al., 1960; Reiter, 1991;
Reiter et al., 2007a; Roseboom et al., 1998; Yu and Reiter, 1993).
Melatonin is also synthesized in the brain, nerves and peripheral
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ESI, electrospray ionization; MS, mass spectrometry; LC-MS, liquid chromatogra-
phy mass spectrometry; HPLC, high-performance liquid chromatography; UPLC,
ultra-performance liquid chromatography; qTOF, quadrupole time-of-flight.
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organs (Bubenik, 2008; Hardeland et al., 2011; Konturek et al., 2007;
Lanoix et al., 20123, 2012b; Lerner et al., 1959; Reiter et al., 2010;
Tan et al., 2007; Zmijewski et al., 2009) including rodent (Kobayashi
et al,, 2005; Slominski et al., 1996, 2002a) and human skin (Kobayashi
et al., 2005; Slominski et al., 2002b, 2005a). In the periphery and
on the central levels, melatonin is metabolized through indolic and
kynuric pathways (Fig. 1) with production of 6-hydroxymelatonin,
N'-acetyl-N2-formyl-5-methoxykynuramine (AFMK) and 5-
methoxytryptamine (5MT) as well as other metabolites (Grace et al.,
1991; Hardeland et al., 2006; Hirata et al., 1974; Lerner et al., 1960;
Ma et al., 2005; Rogawski et al., 1979; Semak et al., 2005, 2008;
Slominski et al., 2008; Young et al., 1985).

In humans, melatonin is well known for regulating circadian
rhythm. It also has many other effects including regulation of
immune and endocrine functions, and it shows anti-oxidative and
protective properties against the cellular toxins and internal and en-
vironmental insults (Bubenik, 2008; Fischer et al., 2008a; Hardeland
et al,, 2006, 2011; Lanoix et al., 2012a; Luchetti et al., 2010; Reiter,
1991; Reiter et al., 2010; Slominski et al., 2005a; Tan et al., 2007;
Yu and Reiter, 1993). These effects are mediated either through
binding to membrane bound melatonin receptors (MT1 and MT2),
receptor independent mechanisms or through activation of puta-
tive nuclear receptors (Dubocovich and Markowska, 2005; Hardeland
et al., 2011; Reiter et al., 2010; Slominski et al., 2012a; Tan et al.,
2007).
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Fig. 1. Main pathways of melatonin metabolism in skin cells.

Extensive studies have been focused on melatonin’s role in general
regulation of body homeostasis (Hardeland et al., 2011; Lanoix et al.,
2012a; Luchetti et al., 2010; Reiter, 1991; Reiter et al., 2010; Tan
et al., 2007; Yu and Reiter, 1993). Skin with subcutaneous adipose
tissue is the largest organ in the human body playing an impor-
tant role in the regulation of local and body homeostasis (Slominski
and Wortsman, 2000; Slominski et al., 2012b). Locally produced
melatonin plays an important role in the regulation of skin func-
tions (Fischer et al., 2008a, 2008b; Kleszczynski et al., 2011;
Kobayashi et al., 2005; Slominski et al., 2005a, 2005b, 2008). Al-
though the role of melatonin and of AFMK in the functions of the
epidermis has been extensively investigated (Fischer et al., 20063,
2008c, 2013; Kim et al., 2013; Kleszczynski et al., 2012, 2013;
Slominski et al., 1994, 2003), there is a lack of similar information
on functions of other melatonin metabolites. The literature on the
role played by melatonin and its metabolites in regulation of
behavior of human melanocytes is limited.

Previously we have shown that exogenously applied melatonin
in cultured immortalized epidermal (HaCaT) keratinocytes and mela-
noma cells is metabolized through indolic and kynuric pathways
with production of 2-hydroxymelatonin, 4-hydroxymelatonin,
6-hydroxymelatonin, AFMK, and 5MT (Fischer et al., 2006b; Kim
et al., 2013; Slominski et al., 2002¢). Production of AFMK in HaCaT
keratinocytes can be stimulated by ultraviolet radiation (UVB)
(Fischer et al., 2006b), and AFMK can also be generated from mela-
tonin through pseudoenzymatic or non-enzymatic processes
mediated by free radicals or through photocatalysis induced by UVB
(Fischer et al., 2006b; Hardeland et al., 2006; Semak et al., 2005).
We have also characterized metabolism of melatonin in normal
human primary epidermal keratinocytes, melanocytes, dermal fi-
broblasts and melanoma cells and show that 6-hydroxymelatonin
is the main product of metabolism with lower production of AFMK
and 5MT (Kim et al., 2013).

Originally melatonin was defined as lightening agent based on
its action on amphibian skin (Lerner, 1960; Lerner et al., 1960). In
mammalian system, melatonin’s role in fur pigmentation has been
well established (Logan and Weatherhead, 1979, 1980) and re-
viewed (Fischer et al., 2008b; Slominski et al., 2004, 2005c¢). Also
tumorostatic activity of melatonin has been well documented in
rodent and human melanomas [reviewed in (Fischer et al., 2006c;
Slominski et al., 2005b; Yu and Reiter, 1993)]. However, the role of
melatonin in human skin pigmentation is unclear (Slominski et al.,
2004) as indicated by lack of effect of orally delivered melatonin
on skin melanin pigmentation (McElhinney et al., 1994).

To better understand the role of melatoninergic system in human
epidermis we investigated accumulation of melatonin and its me-
tabolites in the human epidermis from healthy donors of different
race, age and sex, and evaluated their effects on proliferation and

melanogenesis in human normal epidermal melanocytes in
comparison with human melanoma cells.

2. Materials and methods
2.1. Chemicals

Charcoal stripped fetal bovine serum (FBS) was purchased
from Atlanta Biologicals, Lawrenceville, GA, USA. Melatonin,
6-hydroxymelatonin and 5-methoxytryptamine (5MT) were pur-
chased from Sigma-Aldrich, St Louis, MO, USA and N'-acetyl-N2-
formyl-5-methoxykynuramine (AFMK) was purchased from Cayman
chemical, Ann Arbor, MI, USA. Acetonitrile, water and acetic acid
(Fisher scientific, Pittsburgh, PA) were used for HPLC. For LC-MS
system, acetonitrile, water and formic acid (Sigma-Aldrich, St Louis,
MO, USA) were used. Trichloroacetic acid (TCA) was purchased from
Sigma-Aldrich, St Louis, MO, USA and [*H]-thymidine was
purchased from Moravek Biochemicals Inc., Brea, CA, USA.

2.2. Human skins and epidermis preparation

The use of human tissues was approved by UTHSC Institu-
tional Review Boards as an exempt protocol #4. Human skin samples
were obtained from the Methodist University Hospital in Memphis,
TN. The skin specimens (n = 13) were obtained from both males and
females (30-90 years old) of African-American and Caucasian races.
The specimens were incubated at 60 °C for 1 h and the epidermis
was peeled out and stored at —80 °C for further experiments.

2.3. Extraction of melatonin and its metabolites from human
epidermis

The epidermis collected as above was mixed with 3.2 volume
(v/w) of PBS and homogenized using Poly Tron PT 2100 (Kinematica,
Switzerland). Additional homogenization was performed in 75% ace-
tonitrile. After centrifugation at 4000 rpm, the supernatant was
filtered using syringe filter (PES, 0.45 um, 30 mm; Celltreat, Shirley,
MA, USA) and then dried by speedvac drier (Savant Instruments,
Inc., Holbrook, NY, USA).

2.4. Detection of melatonin and its metabolites

In order to detect melatonin and its metabolites, the epidermal
samples was re-dissolved in methanol. The UPLC (ultra-performance
liquid chromatography) separation was performed on a Waters
ACQUITY I-Class UPLC system (Waters, Milford, MA, USA) consist-
ing of a binary pump, an autosampler, a column manager, a degasser
and a diode-array detector (DAD). An Agilent Zorbax Eclipse Plus
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C18 column (2.1 x 50 mm, 1.8 um, Agilent Technologies, Santa Clara,
CA, USA) maintained at 35 °C was used with a mobile phase con-
sisting of the following linear gradient of acetonitrile containing 0.1%
formic acid: 5-10% for 1 min, 10-15% for 2.5 min, 15-20% for 3.5 min,
20-25% for 0.5 min, 25-70% for 1 min, 70-85% for 1 min, and 85-
100% for 0.5 min. The flow rate was 0.3 mL/min and the DAD was
operated in the range of 200-400 nm. The UPLC was connected to
a Xevo™ G2-S QTof mass spectrometer (Waters), a quadrupole (Q)
hybrid with orthogonal acceleration time-of-flight (Tof) tandem mass
spectrometer (MS). The scan range was 50-1000 Da in positive mode,
and all data were collected in centroid mode. The capillary and cone
voltages were 3.0 kV and 30V, respectively. The desolvation gas was
maintained at 1000 L/h at a temperature of 500 °C. The cone gas
was 100 L/h with a source temperature of 150 °C. The data acqui-
sition rate was 0.3 s, with a 20 s interval. The lockspray frequency
was every 20 s using Leucine Enkephalin solution (100 ng/mL) as
the lockspray reference compound (m/z=556.2771) with a flow rate
of 5 uL/min. The MS data were collected with full scan mode with
low (6 V) and high (ramp from 20 to 40 V) collision energy (CE) data
channels to get both the parent ions (MS) and the daughter ions
(MS/MS). All data were acquired and processed by Waters MassLynx
v4.1 software. The relative concentrations of products were calcu-
lated from MS peak areas in relation to standards curves generated
using the corresponding standards at m/z=233.1 [M+H]" for mela-
tonin; 287.1 [M+K]* for 6(OH)M; 287.1 [M+Na]* for AFMK, and 174.1
[M+H-NHs]* for 5MT. The values are presented as means + SE or as
individual values.

2.5. DNA synthesis

Primary cultures of normal human epidermal neonatal mela-
nocytes were established as described previously (Slominski et al.,
2011). Melanocytes from the passages 2 or 3 were plated
(10,000 cells/well) on 24 well plates using MBM-4 with MGM-4
medium (500 pL/well) containing 0.5% charcoal stripped FBS and
were grown until reaching 30% of confluence (Kim et al., 2013). To
test biological effects media were changed with fresh ones con-
taining melatonin and its metabolites (107" to 10> M), and the cells
were grown for 48 hours. Finally, [*H]-thymidine was added to the
media at the concentration of 0.25 uCi/mL and cultures were in-
cubated for additional 4 h. To measure radioactivity incorporated
into DNA, media were removed and cells were fixed with 10% TCA
in PBS (phosphate-buffered saline) for 30 min followed by two
washes with PBS. The fixed cells were lysed by with 1 N NaOH/1%
SDS (250 uL/well) and after mixing with Scintiverse cocktail (Fisher
scientific, Pittsburgh, PA, USA), radioactivity was counted Packard
Matrix 9600 direct beta-counter (Packard, Meridan, CT, USA)
(Slominski et al., 2011).

2.6. Melanogenesis and cell growth

SKMEL-188 human melanoma cells and normal human epider-
mal melanocytes cells were plated on 25 cm? flask in corresponding
media, see below. Melanoma were grown in Ham’s F-10 media con-
taining 5% charcoal stripped FBS plus 400 uM L-tyrosine and in the
presence of 10> M melatonin or its metabolites as described pre-
viously (Slominski et al., 2009). Normal human melanocytes were
cultured in MBM-4 with MGM-4 (Lonza, Walkersville, MD, USA) con-
taining 10~ M melatonin or its metabolites. After 6 days the cells
were collected, their number counted in hematocytometer and after
centrifugation the pellets were washed with PBS and they were lysed
in 0.1M sodium phosphate buffer (pH 6.8, 0.5% Triton X-100 and
0.1 mM PMSF) (Slominski et al., 2009). Cell debris was removed by
centrifugation at 16,000 g for 10 min, and the supernatants were
used for tyrosinase activity assay as described in Slominski et al.
(1988). Briefly, 50 uL of supernatant was added to 950 pL of 1 mM

L-DOPA in 0.1 M phosphate buffer (pH 6.8), and the absorbance was
measured at 475 nm. One unit of enzyme activity was presented
as an increase of absorbance/mg protein/hour taken from the linear
plot of consecutive measurements.

2.7. Statistics

Student t-test, Mann-Whitney test and one-way ANOVA test were
performed as indicated using Prism 4.00 (GraphPad Software, San
Diego, CA, USA) presented as means + SE (n > 3). Statistically
significant differences are considered when *, p < 0.05; **, p<0.01;
*** p<0.001 (Student t-test) and #, p <0.05; ##, p<0.01;
###, p<0.001 (Mann-Whitney test or one-way ANOVA test).

3. Results and discussion

3.1. Endogenous production of melatonin and its metabolites in the
epidermis

In order to detect melatonin and its metabolites, the extracted
samples were re-dissolved in methanol and applied to Waters
Acquity™ UPLC system equipped with ESI source using Xevo™ G2
qTOF. As shown in Fig. 2, melatonin, 6(OH)M, AFMK and 5MT were
detected, respectively, at m/z=233.1 [M+H]*, 287.1 [M+K]*, 287.1
[M+Na]*, and 174.1 [M+H-NH;]* in extracted-ion chromatogram (EIC).

In previous studies we demonstrated expression of melatoninergic
system in the human skin and skin cells with detection of mela-
tonin by mass spectrometry in immortalized epidermal HaCaT
keratinocytes and melanoma cells (Slominski et al., 2002b, 2002c,
2005a). We have also demonstrated that skin cells cultured in vitro
transform melatonin to 6(0H)M, AFMK and 5MT (Fischer et al.,
2006b; Kim et al., 2013). This study represents a milestone in char-
acterization of cutaneous melatoninergic system by actual detection
for the first time of melatonin and its metabolites 6(OH)M, AFMK
and 5MT in the human epidermis in vivo.

We have then quantified production of these compounds in the
epidermis using skin samples obtained from 13 subjects includ-
ing 6 African-Americans and 7 Caucasians (Table 1). 6(OH)M was
the most abundant with concentration significantly higher than
melatonin (p <0.0001) in all subjects (Table 1), and when the
population was stratified according to race, e.g., Caucasians
(p <0.0001) and African-Americans (p < 0.01). AFMK was the least
abundant species with concentration similar to melatonin but being
lower than 6(OH)M either in all subjects (p <0.001) or in African-
Americans (p <0.01) or Caucasians (p <0.0001) (Table 1). 5MT
concentrations were higher than melatonin and AFMK (p < 0.05) and
lower than 6(OH)M levels (p < 0.05) when analysis included all sub-
jects (Table 1). However, after substratification by race only Caucasian
samples had 5MT concentration higher than AFMK (p < 0.05) and
melatonin levels (p < 0.01). These differences were not detected in
African-Americans (p > 0.05).

Table 1
Production of melatonin and its metabolites in the human epidermis.

Compounds Production (ng/mg protein)

All subjects (n=13)

AA (n=6) C(n=7)

Melatonin 0.93£0. 55 1.80+1.14 T 019+ 0.08#-|* o
6(OH)M o l—_29 94+765 wf 42.87+£1519_ [18 .85+2.94 ~
AFMK . C 041-*-0]5]A 0.65+0.29 AT 0.20 +0.07*
5MT 16.02+8.13 20.65+16.49 12.05+6.78

#, p <0.05 African-Americans (AA) vs Caucasians (C) using Mann-Whitney test.
*, p<0.05; **, p<0.01; **, p<0.001; ****, p<0.0001 metabolite vs melatonin or another
metabolite using Student t-test.
A, P <0.05; An, p<0.01; AAnA, p<0.0001 metabolite vs melatonin or another
metabolite using Mann-Whitney test.
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Fig. 2. Chromatograms of endogenous production of melatonin and its metabolites. Epidermis was extracted with 75% acetonitrile after homogenizing and applied to qTOF

LC-MS (EIC) at m/z=233.1 [M+H]* for melatonin; 287.1 [M+K]* for 6(0OH)M; 287.1 [M+Na]* for AFMK; 174.1 [M+H-NHs]* for 5SMT. (A) melatonin; (B) 6-hydroxymelatonin;
(C) AFMK; (D) 5-methoxytryptamine.
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Fig. 3. Levels of endogenous production of melatonin and its metabolites depend on race, age and gender. Epidermis was extracted with 75% acetonitrile after homogeniz-
ing and applied to qTOF LC-MS (EIC) for quantification using corresponding standards (m/z =233.1 [M+H]" for melatonin; 287.1 [M+K]* for 6(OH)M; 287.1 [M+Na]* for AFMK,
and 174.1 [M+H-NH3]* for 5MT). *, p < 0.05; ***, p<0.001 at Student ¢t-test and #, p < 0.05 at Mann-Whitney test. Black (African-Americans) and white (Caucasians): race

comparison; Age: age comparison; Sex: male and female comparison.

Our recent in vitro testing have demonstrated that the major
product of melatonin metabolism in immortalized epidermal
keratinocytes is 6(0OH)M with AFMK and 5MT representing minor
product (Kim et al., 2013). The in vivo data are in general agree-
ment with cell culture studies showing the highest production of
6(OH)M in the epidermis and lowest production of AFMK and they
demonstrate that epidermal melatonin is metabolized predomi-

nantly through the indolic pathway with kynuric pathway playing
a minor role. Relatively, high level of 5MT production may repre-
sent evolutionary conservation of melatonin metabolism through
deacetylation by tissues producing it as described for brain, retina
and skin of amphibians (Grace et al., 1991).

The production of melatonin and AFMK, but not of 6(OH)M and
5MT, was significantly higher (p < 0.05) in African-Americans in com-
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parison with Caucasians (Table 1 and Fig. 3). The samples were
further substratified according to gender and age (Fig. 3). Melato-
nin content was the highest in groups of young African-Americans
(30-50 years old) and older Caucasians (60-90 years old) and in Cau-
casians females in comparison with Caucasians males (Fig. 3). In case
of AFMK, the production was statistically higher in Caucasians males
compared with Caucasians females. However, the production of
6(OH)M and 5MT was similar (p >0.05) between young and old,
African-Americans and Caucasians, and male and female people
(Fig. 3).

These results indicate that production of melatonin and AFMK
is dependent on race, age and sex of the donors. The higher pro-
duction of melatonin and AFMK in African-Americans vs Caucasians
is intriguing. Since both compounds play important role in
antioxidative responses in various organs (Hardeland et al., 2011;
Lanoix et al., 2012a; Luchetti et al., 2010; Tan et al., 2007) includ-
ing protection against UVR (Kleszczynski et al., 2011), we suggest
that both compounds could also contribute to higher resistance of
skin of African-Americans to UVR induced carcinogenesis. The age
related differences in melatonin within both racial groups, and gender
related differences in melatonin and AFMK levels for Caucasians only,
may be explained by corresponding changes in local neurohor-
monal regulation of melatoninergic system, taking into consideration
neuroendocrine capabilities of the skin (Slominski et al., 2012b).

3.2. Effects of melatonin and its metabolites on proliferation and
melanogenesis in human melanoma cells and epidermal melanocytes

Combined results of the effects of melatonin and its metabo-
lites in normal epidermal melanocytes and melanoma cells are
shown in Fig. 4 and Table 2.

3.2.1. Studies on human melanoma cells

Production of melanin pigment was induced by addition of
400 uM L-tyrosine to Ham’s F-10 medium (Slominski et al., 1988,
2009). Although all tested compounds inhibited growth of human
melanoma cells (Fig. 4A), melatonin, 6(OH)M and AFMK had no sig-
nificant effect on melanin pigmentation and tyrosinase activity
(Fig. 4A, Table 2). However, 5MT enhanced both melanin pigmen-
tation (Fig 4A, lower panel) and tyrosinase activity (Table 2, p < 0.05).

These results are not only consistent with our previous
antiproliferative activity of melatonin against human and rodent
melanomas (Fischer et al., 2006¢; Slominski and Pruski, 1993) but
also extend this anti-melanoma activity to its metabolites includ-
ing 6(OH)M, AFMK and 5MT. However, in contrast to previous studies
on rodent melanomas (Slominski and Pruski, 1993; Valverde et al.,
1995) melatonin had no effect on melanin pigmentation in human
melanoma cells. However, this is consistent with other reports on
human melanomas [reviewed in (Slominski et al., 2004)]. Al-
though the stimulatory effect of 5MT on melanogenesis was
unexpected, it may explain the single report of stimulation of
melanogenesis by melatonin in human melanoma in vitro (Cabrera
et al., 2010), apparently through its metabolism to 5MT.

3.2.2. Studies on human epidermal melanocytes

In normal human epidermal melatonin and its metabolites di-
minished significantly tyrosinase activity (Table 2), without
morphologically detectable effect on melanin content (Fig. 4B, see
equally black color of cell pellets). 6(0H)M was the most effective
compound causing 50% reduction in tyrosinase activity (Table 2).
The inhibitory effect on tyrosinase was accompanied by growth in-
hibition as estimated by number of the cells in comparison with
control. Anti-proliferative effect was further confirmed using
incorporation of [*H]-thymidine into DNA (Fig. 5). All compounds
inhibited proliferation in a dose dependent manner, with 1 nM being
the lowest effective concentration of melatonin, 6(OH)M or 5MT,
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Fig. 4. Effects of melatonin and its metabolites on melanogenesis and cell growth
of human SKMEL-188 melanoma (A) and normal human epidermal melanocytes (B).
Melanoma cells were grown in Ham’s F10 media containing 400 uM L-tyrosine with
10> M of test compounds. Normal human melanocytes cells were grown in MBM-4
media supplemented with MGM-4 containing10-> M of test compounds.

and 100 nM for AFMK treatment in normal epidermal melano-
cytes. The corresponding ICso values were 2.42 x 107" (melatonin),
4,53 x 1071° [6(OH)M], 1.56 x 10”7(AFMK) and 8.44 x 1071° (5MT) M.
Antiproliferative effects shown in Figs. 4 and 5 indicate that mela-
tonin is more effective in inhibition of cell proliferation in comparison
to its metabolites.

The inhibitory effect on tyrosinase activity in normal is in agree-
ment with described inhibitory role of melatonin on melanin
pigmentation in vertebrates [reviewed in Slominski et al. (2004,
2005a)]. The combined inhibitory effect of melatonin and
metabolites on normal epidermal melanocytes proliferation and ty-
rosinase activity suggests that these compounds can be used as

Table 2
Effects of melatonin and its metabolites on tyrosinase activity in melanoma cells and
normal human epidermal melanocytes.

Compounds (10> M) Tyrosinase activity (units/mg protein)

SKMEL-188 Melanocytes
Ethanol 0.39+0.05 1.54+0.11
Melatonin 0.36 +0.09 118 £0.05**
6(0OH)M 0.41+0.08 0.83 £ 0.02***
AFMK 0.34+0.08 1.26 £ 0.05**
5MT 0.58 +0.05** 1.29 +0.03*

*, <0.05; **, <0.01; ***, <0.001 at Student t-test vs ethanol control.
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Fig. 5. Dose dependent effects of melatonin and its metabolites on DNA synthesis in normal human epidermal melanocytes. The cells were grown in MBM-4 media supple-
mented with MGM-4 containing melatonin and its metabolites at the concentrations listed. *, p < 0.05; **, p<0.01; ***, p<0.001 at Student t-test. #, p < 0.05; ##, p<0.01;

###, p<0.001 at one-way ANOVA test.

adjuvants in treatment of skin hyperpigmentation or they could
attenuate malignant transformation of epidermal melanocytes.

4. Concluding remarks

In this study, using skin samples from 13 donors we show for
the first time endogenous production of melatonin and its metabo-
lites including 6(OH)M, AFMK and 5MT in the human epidermis in
vivo. The level of production was dependent on race, gender and
age as well as on chemical structure of the compound. These results
substantiate previous molecular, histochemical and biochemical
studies on human cutaneous melatoninergic system (Fischer et al.,
2006b; Kim et al., 2013; Kobayashi et al., 2005; Slominski et al.,
2002b, 20054, 2014). They also provide an initial proof-of-the concept
that this system operates in vivo in the human epidermis in a context
dependent manner, being affected by race, age and gender. Even
though the endogenous production of melatonin and its metabo-
lites are dependent on the demographics of the humans, all
metabolites inhibited proliferation of human normal epidermal me-
lanocytes and melanoma cells. Furthermore, a moderate inhibitory
effect on tyrosinase activity was observed in normal epidermal
melanocytes.

Thus the above findings open new exciting possibilities on the
in vivo role of endogenous melatonin synthesis and metabolism
systems in the regulation of epidermal functions. These would

include regulation of its barrier function, anti-carcinogenic activi-
ty and tuning up epidermal pigmentary system. Furthermore,
regulation of their endogenous production/metabolism can serve
as a rationale strategy for cosmetic or therapeutic purposes.
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