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Abstract

To prove the relative potency of melatonin as
a radical scavenger in UV-irradiated leuko-
cytes, it was compared to other antioxidative
substances such as trolox and vitamin C.
Human leukocytes were isolated from EDTA
whole blood and incubated with melatonin,
trolox and vitamin C. The experiments were
performed in a wide concentration range
from 0.1 nMto 1 mM and in a small concen-
tration range from 0.5 to 2 mM (mel), 5 mM
(trofox) and 10 mM (vit. C). Irradiation was
performed with UV-light (280-360 nm} at a
dose of 750 mJ/cm2. Radical formation was
Measured by the chemiluminescence tech-
nique. The maximum effect of radical sup-
Pression was seen at a concentration of 10

nM (p = 0.003) and 1 mM melatonin {p <
0.001) and vitamin C (p = 0.002; p < 0.001),
respectively. ROS suppression by trolox was
only significant at 1 mM (p < 0.001). In the
small concentration range, a linear dose-
response relationship was found and mela-
tonin showed the strongest radical suppres-
sion (ICsg = 0.21 mM) followed by vitamin C

(IC50 = 0.26 mM) and trolox (ICso = 1.03 mM).
- Copyright © 2002 S. Karger AG, Basel

Introduction

Skin aging is an additive process of intrin-
sic and extrinsic aging, e.g. the UV-induced
photoaging. UV irradiation is an important
acute and chronic stressor to the skin. Besides
UV light-induced inflammatory reactions
promoted by proinflammatory mediators,
free radicals are supposed to be involved in
the skin damaging process by destruction of
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cell membranes, DNA, proteins and lipids [1,
2]. Vitamins E and C are non-enzymatic an-
tioxidants which protect the skin against oxi-
dative damage [3, 4]. Melatonin (N-acetyl-5-
methoxy-tryptamine) is an indole produced
by the pineal gland. It primarily exhibits sea-
sonal biorhythmic functions, reproduction,
daily sleep induction in dependency of light
perception, aging and modulation of immu-
nobiological reactions [5]. It has been proven
that melatonin is a strong radical scavenger,
especially of hydroxyl radicals [6]. These radi-
cals are reported to be the most damaging
reactive oxygen species (ROS) induced by UV
light [1]. A radical suppressive effect of mela-
tonin has been shown in UV-irradiated leuko-
cytes [7]. To assess the relative potency of
melatonin, it was compared with the above-
mentioned antioxidants.

Methods

Leukocytes were isolated from human whole blood
by density gradient and hemolyzation of erythrocytes.
Ten aliquots of PBS-diluted leukocytes were put into
UV light-permeable quartz glass Petri dishes (Fisher
Scientific, Germany), 2,250 ul each. Then, 250 ul of
the test solutions containing different concentrations
of melatonin, vitamin C and trolox were added to 9
aliquots. One aliquot was incubated with 250 pl PBS
(Sigma, Germany) as a control.

Melatonin (highly purified, MG 232.2, Helsinn
Chemicals, Biasca, Switzerland) was prepared in con-
centrations of 2, 1,and 0.5 mA, 100, 10, and t M, and
100,10, 1,and 0.1 nM. Vitamin C (Merck KgaA, Darm-
stadt, Germany) and Trolox (Calbiochem, Bad Soden,
Germany) were prepared with PBS and diluted in the
same way as melatonin. The investigations were per-
formed in two different experimental designs: the first
series was performed over a wide concentration range of
powers of 10 from 0.1 nM to 1 mM. The second prepa-
ration was performed after having detected the opti-
mum effect range. This was a small range of concentra-
tions from 0.1 to 10 mM for vitamin C. Trolox was soly-
ble up to 5 mM and melatonin up to 2 mM.

The UV absorption properties of the applied an-
tioxidants were assessed under UV irradiation by a
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spectrophotometer (Jasco UV-530 UV/Vis Gross-Um-
stadt, Germany). The cell solutions incubated with the
antioxidants were irradiated using the Waldmann
UV800 UV lamp (Waldmann GmbH & Co., Villin-
gen-Schwenningen, Germany) with an UV light spec-
trum of 280-360 nm. The UV dose was 750 mJ/cm?
UVB light. After irradiation, the cell solutions were put
in small test tubes (200 ul) and transferred to the lumi-
nometer LB 953 (Berthold, Germany) for measure-
ment of ROS. The method is described elsewhere [8].
Prior to the measurement in the luminometer, 20 pl of
each preparation were taken for staining with 20 pl try-
pan blue to assess viability of the cells counted under
the microscope. Mean values and standard deviation
were calculated by Microsoft Excel software and statis-
tical analyses were performed with SPSS using the Stu-
dent t test for unpaired samples. To compare the sup-
pression of free radicals under influence of the differ-
ent antioxidants all CPM-values were calculated as
percentage in relation to 100% CPM of the untreated
(PBS) leukocytes. To have a comparable mA-value of
efficacy the probit-transformation was performed.
With this statistical technique a dose response curve
from 100% to 0% CPM was extrapolated for each sub-
stance. Under the assumption of a sigmoid dose-
response-curve the ICsp-value was calculated by SPSS
software,

Results

The maximum of ROS suppression in a
wide concentration range was at 1 mM mela-
tonin (p < 0.001) and the second effect maxi-
mum at 10 nM (p = 0.003) (fig. 1). The con-
centration of 0.5 mM melatonin had already
led to a significant suppression of ROS in the

Fig. 1-3. Effects of the radical suppression in leuko-
cytes treated with melatonin (1), vitamin C (2), and
trolox (3) in a range from 0.1 nM to 1 mAM. Melatonin
and vitamin C show an effect maximum at 10 nM and
I mM with statistical significance. Trolox reveals a sig-
nificant effect optimum at only 1 mM, but not at
0.1 nM compared with controls (PBS).
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Fig. 4. Suppression of ROS by melatonin compared to vitamin C and trolox. Melatonin sup-
pressed the radical formation significantly better than trolox at all concentrations and better
than vitamin C at 0.5 and 1 mM (** p < 0.001). The ROS values were significantly lower in
vitamin C-treated than in trolox-treated cell solutions at concentrations of 3 and 5 mM. Cell
solutions were irradiated with UV light at a dose of 750 mJ/cm?.

higher concentration range (p < 0.001). In-
creasing concentrations of melatonin at 1 and
2 mM were still stronger showing a linear dose
response (p < 0.001) (fig. 4).

Analogous to the experiments with mela-
tonin, vitamin C also showed the maximum
effect at | mM in the wide concentration
range (p < 0.001). The second maximum
effect was at 10 nM vitamin C (p = 0.002)
(fig. 2). In the higher concentration range
from 0.1 to 10 mM, a linear dose-response
relationship was seen between concentrations
of vitamin C and suppression of ROS. The
concentration of 0.5 mM led to a significant
suppression compared to controls (p < 0.01).
Increasing doses led to an increasing suppres-
sive effect at 1| mM (p < 0.001) and at 2 and
3 mM vitamin C (p = 0.000) (fig. 4).
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In a wide range of trolox concentrations
from 0.1 nM to 1 mM, the maximum effect of
ROS suppression was measured at 1 mM (p <
0.001). At 10 nM trolox, there was a second
effect maximum, but this was not significant
compared to untreated leukocyte solutions
(fig. 3). In the higher concentration range
from 0.1 to 5 mAM, trolox led to a linear dose-
dependent suppression of ROS. At the con-
centration of 1 mM trolox, the suppression
was significant with p < 0.005. At the concen-
tration of 2, 3 and 5 mM, the ROS value was
also suppressed significantly (p < 0.001)
(fig. 4).

The suppression of radicals by the tested
antioxidants was compared and analyzed sta-
tistically. We found that melatonin had the
strongest radical suppressive effect followed
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by vitamin C and trolox (fig. 4). Using the
probit transformation, a 50% inhibitory con-
centration (ICsp) of 0.21 mM was revealed
for melatonin, 0.26 mM for vitamin C and
0.98 mM for trolox (fig. 5). The viability of
the cell solutions which was assessed by try-
pan blue staining was higher than 95% in all
preparations with melatonin, vitamin C and
trolox.

An UV absorption of all substances was
seen in the lower part of the applied UV irra-
diation spectrum (750 mJ/cm? UV light/280-
360 nm). The UV absorption maximum was
at 260 nm for vitamin C, 280 nm for melaton-
m and at 290 nm for trolox. The highest light
a_bsorption coefficient in the broadband UVB
light range from 280 to 360 nm which was
applied for the irradiation of the cell solutions
was at 0.52 for melatonin, 0.62 for vitamin C
and 0.3 for trolox. No light absorption of
melatonin, vitamin C and trolox was mea-
sured in the wavelength higher than 325 nm.

Suppression of ROS by Melatonin
and Other Antioxidants

Discussion

To prove the radical scavenging potency of
melatonin in comparison with two other an-
tioxidants, a concentration profile over a wide
concentration range from 0.1 nM to | mM
was performed showing a nondirect biphasic
dose response for melatonin, vitamin C and
trolox. In the higher concentrations from 0.5
to 10 mM, melatonin revealed a superior radi-
cal suppressive effect compared to vitamin C
and trolox. The analysis of the UV absorption
spectra of the applied substances revealed an
UV absorption in the lower part of the UV
spectrum applied (260-360 nm). Interesting-
ly, vitamin C had a higher absorption coeffi-
cient than melatonin (0.62 vs. 0.52) in the
wavelength of 280 nm. But vitamin C had a
lower suppressive effect concerning free radi-
cal formation than melatonin. In the upper
part of the applied UV light up to 360 nm,
there is no UV light absorption of melatonin,
vitamin C and trolox. The investigation of all
substances does not show a consistent rela-
tionship between light absorption and free
radical suppression. Therefore, we suppose
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that the UV light absorption has only a partial
influence on the suppression of free radical
formation.

The radical suppressive properties of mela-
tonin were already shown by Tan et al. [5] and
Reiter et al. [6]. Melatonin was 6-fold and 14-
fold stronger than glutathione and mannitol,
respectively. In a model with 2-2’-azo-bis(2-
amidinopropane)dihydrochloride as a per-
oxyl radical generator, Pieri et al. [9] also
showed a strong suppressive effect of mela-
tonin with double activity compared to tro-
lox.

In a model using lipid bilayers and human
skin homogenates, the suppression of peroxi-
dation of liposomes was 250% for vitamin E
(alpha-tocopherol) and 80% for melatonin
both in combination with alpha-glycolic acid.
This seems to be contradictory to our experi-
ments but may be explained by a stronger
recycling effect of alpha-glycolic acid to vita-
min E than to melatonin {10].

Vitamin C was used in porcine and murine
skin homogenates and suppressed UVB-in-
duced erythema, formation of sunburn cells
and UVA-induced phototoxic reactions [4,
11].

Concerning the optimum effects, an expla-
nation for the stronger suppressive effect in
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