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■ Summary Background & aim
The resveratrol analogue piceatan-
nol (3,5,3’,4’-tetrahydroxy-trans-
stilbene; PICE) is a polyphenol
present in grapes and wine. PICE is
a protein kinase inhibitor that
modifies multiple cellular targets
exerting immunosuppressive,
antileukemic and antitumorigenic
activities in several cell lines and
animal models. The present work
aims to evaluate the antimelanoma
effect of PICE on human
melanoma cells for the first time.
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To this purpose, the pro-apoptotic
capacity, uptake and metabolism of
PICE as well as its effect on cell
cycle and cyclins A, E and B1
expression will be studied. Methods
Human SK-Mel-28 melanoma cells
were incubated with PICE 
(1–200 µM) for 72 hours. Cell cycle
and viability were examined using
flow cytometry analysis. Apoptosis
was determined using the annexin
V assay and also by fluorescence
microscopy. Cyclins A, E and B1
were detected by Western blotting.
Stability, cellular uptake and
metabolism of PICE were evaluated
using HPLC-DAD-MS-MS. Results
The lowest PICE concentration
assayed (1 µM) increased about 
6-fold over the control the apop-
totic population of melanoma cells
(10.2 % at 8 hours which remained
constant during 48 h). 100 µM PICE
induced 13 % apoptosis at 8 h
increasing up to 41.5 % at 48 h. The
decrease in cell viability was highly
correlated with the increase of
apoptotic cells (R = 0.996;
P < 0.0001) revealing that signifi-

cant cytotoxic, unspecific effects
did not occur in melanoma cells
upon incubation with PICE. Cell
cycle was arrested at G2 phase
which was supported by the down-
regulation of cyclins A, E and B1.
Two methyl-PICE derived metabo-
lites, 3,5,4’-trihydroxy-3’-methoxy-
trans-stilbene and 3,5,3’-trihy-
droxy-4’-methoxy-trans-stilbene
(corresponding to 36 % of the ini-
tially PICE added) were excreted by
cells to the medium. The same
methyl-PICE derivatives were also
found inside the cells (0.01 % of the
initially PICE added; 0.0183
picograms/cell). Conclusions The
antimelanoma properties of
dietary piceatannol cannot be
ruled out taking into account its
fast and potent pro-apoptotic
capacity at low concentration 
(1 µM).
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The grape and wine polyphenol
piceatannol is a potent inducer 
of apoptosis in human SK-Mel-28
melanoma cells

Introduction

The polyphenol piceatannol (3,5,3’,4’-tetrahydroxy-
trans-stilbene; PICE; Fig. 1, compound 1) has been used
as an active ingredient in the traditional herbal medi-
cine [1, 2] and identified as antileukemic agent from the
seeds of Euphorbia lagascae [3]. In Western countries,

piceatannol is mainly incorporated in the diet through
the intake of grapes and red wine [4, 5].

The health-promoting activities of the piceatannol
analogue resveratrol (3,5,4’-trihydroxy-trans-stilbene)
have been widely established in a huge output of publi-
cations during the last few years [6–10]. However, the bi-
ological activity of PICE has been much less investi-
gated.A previous report proposed that resveratrol could
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be converted to PICE in some tumours that overexpress
the enzyme CYP1B1 with hydroxylase activity [11]. In
this way, resveratrol would act as a pro-drug and the
compound responsible for the biological activity against
the tumour would be the resveratrol-hydroxylated de-
rivative piceatannol.

PICE has been reported to be a protein-tyrosine ki-
nase inhibitor [12] with immunosuppressive activity
[13] which could be important for preventing graft re-
jection [14]. In addition, PICE possess anti-inflamma-
tory properties by the suppression of activation of the
nuclear transcription factor NF-κB through the inhibi-
tion of IκBα kinase and p65 phosphorylation [15]. Most
of the previous studies about PICE have been focused in
its protein-tyrosine kinase inhibitory properties. In fact,
to our knowledge, only one previous work has described
the potent pro-apoptotic capacity of PICE, in lymphoma
cells and in primary leukemic lymphoblasts [16]. An-
other recent study has described the antiproliferative ac-
tivity of PICE by inhibiting the progression of Caco-2
cells through the S phase of their cell cycle although no
apoptosis assays were carried out [17].

Malignant melanoma is increasing at an alarming
rate [18, 19]. The increased risk of melanoma is mainly
related to UV exposure [20]. Melanoma can be cured by
surgical excision if it is detected early. However,
melanoma at later stages, with distant metastasis is cur-
rently incurable. Interferon-γ and interleukin-2 are used
in melanoma therapy although with various degrees of
success [21, 22]. Therefore, the search for new agents
with a potential antimelanoma effect is encouraged.

Diet and melanoma incidence have been previously
correlated [23, 24]. In this context, dietary bioactive
compounds with potential antimelanoma activity at low
(plasmatic) concentrations would be of great interest.

The aim of the present study is to evaluate the an-
timelanoma activity of piceatannol in the human
melanoma cell line SK-Mel-28. Thus, the pro-apoptotic
capacity and effect on cell cycle and cyclins A, E and B1
expression were studied.In addition,the uptake and me-
tabolism of piceatannol by SK-Mel-28 melanoma cells
were also investigated.

Materials and methods

■ Reagents

Piceatannol (3,5,3’,4’-tetrahydroxy-trans-stilbene;PICE),
minimum essential medium (MEM), glutamine, peni-
cillin, streptomycin, sodium pyruvate, non-essential
amino acids, fetal bovine serum, propidium iodide, di-
methylsulfoxide (DMSO),sodium phosphate buffer pH 7
(PBS),Hoechst 33258 dye,staurosporine and RNase were
purchased from Sigma-Aldrich (St. Louis, USA). Mono-
clonal cyclins E and B1 mouse anti-human antibodies

Fig. 1 Piceatannol [1] and its methyl-derivatives: [2] 3’-methyl-piceatannol and
[3] 4’-methyl-piceatannol
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were purchased from BD Pharmingen (San Diego,USA).
Monoclonal cyclin A mouse anti-human antibody was
also obtained from Sigma.

■ Culture and treatment of melanoma cells

The SK-Mel-28 melanoma cell line was obtained from
the ATCC (American Type Culture Collection; Manas-
sas, USA). Cells were cultured (according to ATCC) in
MEM containing 2 mM glutamine, 100 units/mL peni-
cillin, 100 µg/mL streptomycin, 100 mM sodium pyru-
vate, non-essential amino acids and supplemented with
10 % fetal bovine serum (FBS). The cell line was main-
tained at 37 °C in a 5 % CO2 atmosphere. The culture was
periodically tested for Mycoplasma infection. Stock of
PICE (20 mM) was prepared in DMSO and added to the
culture media at concentrations of 1, 10, 25, 50 100 and
200 µM (depending on the assay). Control cells con-
tained an equal amount of DMSO not exceeding 0.5 %.
Media were replaced every 48 hours. Cells were used in
the exponential growth phase (doubling time of 24
hours) in which the percentage of cells in each phase was
constant up to 96 hours: G0/G1, 72.5 ± 1.5 %; S,
19.2 ± 1.4 %; G2M, 8.2 ± 1.6 %.

■ Piceatannol stability

Stability of PICE in MEM culture (at 37 °C and pH 7.5)
was checked at 4, 8, 24 and 48 hours using a HPLC-DAD-
MS-MS system equipped with both a DAD and mass de-
tector in series from Agilent Technologies (Waldbronn,
Germany). The mass detector was an ion-trap mass
spectrometer equipped with an electrospray ionisation
(ESI) system and controlled by software. The heated
capillary and voltage were maintained at 350 °C and 4
kV, respectively. Mass scan (MS) and daughter MS-MS
spectra were measured from m/z 150 up to m/z 800. Col-
lision-induced fragmentation experiments were per-
formed in the ion trap using helium as the collision gas
and the collision energy was set at 50 %. Mass spectrom-
etry data were acquired in the positive ionisation mode.
Culture media with piceatannol were filtered through a
0.45 µm membrane filter Millex-HV13 and aliquots of
20 µL were injected onto a reverse phase C18 LiChro-
CART column (25 × 0.4 cm, particle size 5 µm). The mo-
bile phase was water:formic acid (99:1, v:v, Solvent A)
and methanol (Solvent B) at a flow rate of 1 mL/min. The
gradient started with 20 % B in A to reach 32 % B in A at
5 min, 40 % B in A at 10 min, 95 % B in A at 20 min. Chro-
matograms were recorded at 320 nm. HPLC-DAD-MS-
MS experiments were repeated three times.

■ Cellular uptake

The uptake of PICE by SK-Mel-28 cells was carried out
as described by Larrosa et al. [10]. Briefly, cells were in-
cubated with 100 µM PICE for 48 h.After treatment, cells
were washed with PBS, lysed by sonication and ex-
tracted with ethylacetate. Samples were analysed with
the same HPLC-DAD-MS-MS equipment and assay con-
ditions described above. Cellular uptake experiments
were repeated three times.

■ Cell cycle distribution

Cells (1 × 106) were fixed in ice-cold ethanol:PBS [70:30]
for 30 min at 4 °C, further re-suspended in PBS with
100 µg/mL RNase and 40 µg/mL propidium iodide and
incubated at 37 °C for 30 min. DNA content (20,000 cells)
was analysed using a FACScan instrument equipped
with FACStation running Cell Quest software (Becton
Dickinson). The analyses of cell cycle distribution were
performed at least in triplicate for each treatment, in-
cluding the control, at 24, 48 and 72 hours. Mean values
of cell cycle distribution are shown. The coefficient of
variation (CV), according to the FACStation Cell Quest
software, was always less than 10 %.

■ Cell viability

Cells (1 × 105) were suspended in PBS with 5 µg/mL pro-
pidium iodide to stain dead cells. After 5 min, the per-
centage of viable cells (20,000 cells analysed) was calcu-
lated using the same flow cytometer described above.
The determination of cell viability was carried out in
triplicate. The coefficient of variation (CV), according to
the FACStation Cell Quest software, was always less than
10 %. The analyses of cell viability were performed for
each treatment, including the control, at 8, 24 and 48
hours. Mean values of cell viability are shown.

■ Western blotting

After 24, 48 and 72 hours of treatment, cells were washed
twice with PBS and lysed in cold lysis buffer as described
by Pozo-Guisado et al. [25]. Lysates were centrifuged at
15,000 g for 20 min at 4 °C and protein concentration was
measured by the Bradford’s method [26]. Protein
(20 µg/lane for cyclins A and E and 40 µg/lane for cyclin
B1) was separated by SDS-PAGE (10 % polyacrylamide)
and transferred to HybondTM-P membranes (Amer-
sham Biosciences, UK) by electroblotting. Membranes
were incubated for two hours with the primary antibod-
ies and one hour with the secondary antibody conju-
gated to horseradish peroxidase. Cyclins were detected
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using an ECLTM detection system (Amersham Bio-
sciences) according to manufacturer’s instructions. For
quantification, the density of the bands was detected
with scanning densitometry, using a Syngene Genetools
Analysis Software (Syngene, USA).

■ Annexin V assay

The annexin V/PI detection kit from Sigma was used.
The perturbations in the cellular membrane during the
early stages of apoptosis cause a redistribution of phos-
phatidylserine to the external side of the cell membrane.
This provokes a flux of calcium which is required by the
fluorescein-labeled annexin V to selectively bind to
phosphatidylserine in order to identify cells undergoing
apoptosis.Cells were also stained with propidium iodide
to distinguish early and late apoptotic cells from
necrotic cells. The protocol was that specified by the
manufacturer with some modifications [10]. Stau-
rosporine (0.1 µM) was assayed as standard inducer of
apoptosis. The percentage of live, dead and apoptotic
cells was determined. In the corresponding figure that
illustrates the apoptosis (see Fig. 5), the viable cells (V)
are located in the lower left corner (negative in both
annexin V-FITC and propidium iodide). Early apoptotic
cells (EA) are in the lower right corner (annexin V-FITC
positive).Late apoptotic cells (LA) that show progressive
cellular membrane and nuclear damage are in the upper
right corner (positive in both annexin V-FITC and pro-
pidium iodide). Total percentage of apoptotic cells was
considered as EA + LA [10]. The percentage of apoptotic
cells was determined at 8, 24 and 48 hours.

■ Apoptosis assessment by fluorescence microscopy

Cells treated with 1–100 µM piceatannol for 8–48 h were
fixed with methanol:glacial acetic acid [3:1] and stained
with 50 mg/mL Hoechst 33258 dye at 37 °C for 20 min.
Afterwards, the cells were examined under a Nikon
Diaphot-TMD inverted microscope (Nikon, Japan).
Hoechst 33258 is a DNA-binding fluorochrome dye
which allows the study of the chromatin morphology. In
contrast to normal cells, the nuclei of apoptotic cells
have highly condensed chromatin that is uniformly
stained by Hoechst 33258.This can take the form of cres-
cents around the periphery of the nucleus, or the entire
nucleus can appear to be one or a group of featureless,
bright spherical beads.

Results and discussion

The number of human SK-Mel-28 melanoma cells de-
creased with increasing PICE concentrations and incu-

bation time (Fig. 2). However, the decrease in cell viabil-
ity was linear only with 100 µM piceatannol (PICE) be-
cause cell viability did not decrease after 8 hours of in-
cubation with 1, 5 and 10 µM PICE (Fig. 2). The plateau
was also reached after 24 hours with 50 µM PICE (Fig. 2).
In addition, only slight differences in the cell viability
decrease were observed with PICE treatments from 1 to
100 µM during the first 8 hours (Fig. 2). These results
were not coincident with a recent report on the effect of
other stilbenes of human SK-Mel-28 cells in which cell
viability decreased linearly with increasing concentra-
tion (25–200 µM) and incubation time (24–96 h) [10].
However, the present results agree with a recent study on
the antiproliferative activity of piceatannol on Caco-2
and HCT-116 cells in which no further decrease in cell
viability was detected over 50 µM PICE [17].

According to FACS analysis, PICE induced G2/M
phase cell arrest concomitant with a decrease in G0/G1
and S phases in Sk-Mel-28 cells (Fig. 3) in contrast with
the previously described S-phase arrest in Caco-2 cells
[17]. It is not surprising that the same polyphenol can
exert a different type of cycle arrest depending on both
cell line and type of cancer as previously described. Al-
though the information concerning the effect of PICE on
cell cycle is scarce, however, the different effect of the
same polyphenol depending on the cell line has been
previously reported as in the case of the PICE analogue
resveratrol (RES). Some studies have reported the RES-
induced S-phase arrest in a number of cancer cell types
such as Sk-Mel-28 [10], T47 breast carcinoma [27],
CEM-C7H2 acute leukemia [28], etc., whereas other
studies have reported the RES-mediated arrest in G0/G1
in human epidermoid carcinoma [29] and gastric ade-
nocarcinoma cells [30]. A recent study has revealed the
S-phase arrest of SK-Mel-28 cells by RES [10] whereas

Fig. 2 Effect of PICE on cell viability of human SK-Mel-28 melanoma cells. Cell vi-
ability was determined by flow cytometry. Coefficient of variation (CV) was less
than 10 %
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the results presented here demonstrate that PICE ar-
rested the same cells at G2/M phase (Fig. 3).The presence
of the extra hydroxyl group in the 3’-position of PICE
with respect to RES appears to be critical in the activity
of PICE. This was in accordance with the reported po-
tent PICE-induced apoptosis in primary leukemic lym-
phoblasts whereas RES did not induce significant apop-
tosis in these cells [16]. Therefore, these results agree
with the previously suggested important role regarding
the number and position of hydroxyl groups as deter-
minants in the anticancer and antioxidant activities of
stilbenes [10, 31].

Cell cycle progression is regulated by the activity of
cyclins, a family of proteins which activate the so-called
cyclin-dependent-kinases (Cdks). Cyclin A is required
for S-phase and passage through G2, cyclin E activates
Cdk2 protein near the start of S-phase and cyclin B1 is a
critical regulator of mitosis. In general, uncontrolled ex-
pression of cyclins and/or Cdks leads to either tumori-
genesis or cell cycle arrest [32]. Overall, the arrest of SK-
Mel-28 melanoma cells in G2/M was correlated with the
downregulation in the expression of cyclins A, E and B1
upon increasing PICE concentrations and incubation
time (Fig. 4). In a previous study, the arrest in the S-
phase of Caco-2 cells was correlated with the downreg-
ulation of cyclins D and B1 whereas cyclins E and A were

upregulated [17]. The same results were reported in the
S-phase arrest of Caco-2 cells upon treatment with RES
[8]. However, in the case of SK-Mel-28 cells, it has been
previously published that the RES-induced S-phase
arrest correlated with the upregulation of cyclins A, E
and B1 [10] whereas the PICE-mediated G2/M arrest of
SK-Mel-28 melanoma cells was related with the down-
regulation of these cyclins (Fig. 4). It has been described
that G2 phase arrest is induced by DNA damage provid-
ing an opportunity to eliminate cells with irreversible
damage by activating pathways leading to programmed
cell death (apoptosis) if cellular damage cannot be prop-
erly repaired [33]. Recently, the downregulation of cy-
clin B1, as that observed in our study (Fig. 4), has been
correlated with stable G2 arrest [34]. However, whether
the PICE-induced G2 arrest in SK-Mel-28 melanoma
cells was via a p53-dependent or -independent pathway
was not evaluated in the present study and deserves fur-
ther investigations.

Piceatannol was a potent inducer of apoptosis in hu-
man SK-Mel-28 melanoma cells as revealed by the an-
nexin V assay (Fig.5 A–D) and Hoechst dye staining (Fig.
5E). The lowest PICE concentration assayed (1 µM) was
able to increase about 6-fold over the control the apop-
totic population of cells after 48 hours (Fig. 5 A, B). The
percentage of apoptotic melanoma cells increased with

Fig. 3 Flow cytometry analysis of DNA
distribution in control and PICE-treated
SK-Mel-28 melanoma cells after 48
hours. Either the increase or decrease
(%) of the corresponding phase with re-
spect to the control is shown. CV was less
than 10 %
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Fig. 4 Western blot analysis of cyclins B1, E and A in control and PICE-treated SK-Mel-28 melanoma cells. A PICE 1 and 100 µM at 24, 48 and 72 hours. (*) Not assayed. B
PICE 25, 50 and 100 µM at 48 hours. Western blot experiments were repeated three times for each assay condition

Fig. 5 A–D Apoptosis detection in SK-Mel-28 cells using the annexin V assay after 48 hours. D dead cells (upper left corner); V viable cells (lower left corner); EA early apop-
totic cells (lower right corner); LA late apoptotic cells (upper right corner). The total percentage of apoptotic cells was considered as EA + LA. Staurosporine 0.1 µM (posi-
tive control) induced 25 % apoptosis after 48 h. Annexin V assays were performed in triplicate. E Apoptosis detection using the Hoechst 33258 dye. Cells were treated with
1 µM PICE for 8 hours. The arrow designates the nucleus of an apoptotic cell with the characteristic stained bright spherical beads. The Hoechst staining was carried out in
three independent experiments
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increasing PICE concentrations and incubation time but
in a non-linear manner (Fig. 6), similar to the decrease
pattern observed in cell viability (Fig. 2). In fact, the de-
crease in cell viability was strongly correlated with the in-
crease of apoptotic cells (R = 0.996; P < 0.0001) which re-
vealed that unspecific, cytotoxic effects of PICE on
SK-Mel-28 melanoma cells were very low which was in
accordance with the previously reported effect of PICE
on the lymphoma BJAB cell line [16]. However, it should
be also stressed that the correlation between viable and
apoptotic cells was observed in the concrete assay condi-
tions reported in the present study so that further ex-
trapolation to other PICE concentrations and assay times
should be taken with precaution.

To our knowledge, there are no previous studies de-
scribing the apoptosis of cancer cells in so low assay con-
centration (1 µM) since most of these studies assayed 
10 µM or higher concentrations. This is of great interest
since the current (basic) requirements to report anticar-
cinogenic potential in vitro strongly recommend a plau-
sible (“rather realistic”) concentration which could be,
at least potentially, extrapolated in vivo [35]. Therefore,
it should be a logical approach to assay low (plasmatic)
concentrations in the screening of potential dietary an-
ticancer molecules. Although 1 µM is still a rather high
“plasmatic” concentration, at least, it is in the range of
possible data regarding the bioavailability of polyphe-
nols or polyphenol-derived metabolites [36].

A previous report revealed the high instability of PICE
in the culture medium which called for the caution in the
assay of ortho-diphenolic compounds [10]. In fact, 100
µM PICE disappeared in the medium following a de-
creasing uniexponential curve with t1/2 = 4.5 h (results
not shown). Despite its rather high instability, PICE pro-
voked the above-mentioned effects on melanoma cells.

To delve into this apparent controversy, the uptake and
metabolism of PICE by human SK-Mel-28 melanoma
cells was also investigated. After 48 h of treatment with
100 µM PICE, two metabolites were detected in both cul-
ture medium and cells lysate (Fig. 7).No oxidation prod-
ucts (piceatannol-quinone derivatives) were detected.
After LC-MS-MS analysis (Fig. 8), the metabolites with
[M + H] ion at 259 m/z were identified as 3,5,4’-trihy-
droxy-3’-methoxy-trans-stilbene (3’-methyl-PICE) and
3,5,3’-trihydroxy-4’-methoxy-trans-stilbene (4’-methyl-

Fig. 6 Evolution of apoptotic SK-Mel-28 melanoma cells upon treatment with dif-
ferent PICE concentrations and incubation times (Apoptotic cells were determined
using the annexin V assay)

Fig. 7 A HPLC profile of initial culture medium containing 100 µM PICE (com-
pound 1; Fig. 1). The insert shows the UV spectrum of PICE. B HPLC profile of cul-
ture medium after 48 hours. 2 (3’-methyl-PICE, Fig. 1) and 3 (4’-methyl-PICE, Fig. 1)
are PICE-derived metabolites excreted to the medium by SK-Mel-28 cells. The in-
serts show their corresponding UV spectra. C HPLC profile of lysed cells after treat-
ment with 100 µM PICE for 48 hours. The insert amplifies the region of the chro-
matogram where compounds 2 and 3 are detected.
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Fig. 8 MS-MS analysis of data shown in Fig. 7. A Initial culture medium containing 100 µM PICE. Extracted ion chromatogram (EIC) of ion 244 m/z+, corresponding to com-
pound 1 (PICE). (a1) All MS detected at the retention time of the EIC. (a2) MS-MS daughter ions of 244 m/z+ showing the main (resveratrol) fragment at 227 m/z+. B MS-MS
analysis of culture medium after 48 hours. EIC at 259 m/z+ (ion mass of methyl-piceatannol derivatives, 2 and 3). (b1) All MS detected at the retention time of EIC 259 m/z+.
(b2 and b3) MS-MS daughter ions of 259 m/z+. (b4) MS-MS daughter ions of 227 m/z+ corresponding to resveratrol, the main daughter ion of both PICE and methyl-PICE
derivatives. C MS-MS analysis of cells after 48 hours. EIC at 259 m/z+. (c1) All MS at the retention time of EIC 259 m/z+. (c2) MS-MS daughter ions of 259 m/z+
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PICE) (Fig. 1,compounds 2,3).The reversed-phase HPLC
behaviour of flavonoid isomers with either 3’-hydroxy-
4’-methoxy (i. e., diosmetin, tamarixetin, catechin 4’-
methyl ether, 5,3’-dihydroxy-6,7,4’-trimethoxyflavone)
or the corresponding isomers with 3’-methoxy-4’-hy-
droxy substitutions (i. e., chrysoeriol, isorhamnetin, cat-
echin 3’-methyl ether, 5,4’-dihydroxy-6,7,3’-trimeth-
oxyflavone) shows that the 4’-methoxy isomers always
elute with longer retention times than the corresponding
3’-methoxy isomers [37,38].This is most certainly due to
the more acidic character of the hydroxyl present in the
4’-position than in the case of the 3’-position. A similar
behaviour is observed with ferulic acid (caffeic acid 3’-
methyl ether) and its in vivo-generated metabolite isofer-
ulic acid (caffeic acid 4’-methyl ether) [39].

After 48 h, the methyl-PICE metabolites represented
0.01 % (0.0183 picograms/cell) and 36 % (88 µg) of the
initially added PICE in the cells lysate and culture
medium, respectively. These data were similar to those
obtained for resveratrol (RES) in the same cell line [10]
which meant that the extra hydroxyl group in the 3’ po-
sition with respect to RES did not affect significantly the
cellular uptake. In the case of RES no methyl-derivatives
were observed because RES is not a substrate for COMT
due to the lack of the o-diphenolic moiety.

The methylation of PICE in the 3’ and 4’ positions
suggested the involvement of COMT (catechol-O-
methyltransferase) in the metabolism of PICE by human
SK-Mel-28 melanoma cells. The role of COMT (as detox-
ifying enzyme) in the metabolism of polyphenols has
been described in different tissues, subcellular fractions
and cell lines [40–42]. In the case of melanoma, the in-
hibition of COMT has been proposed as a tool to induce
cytotoxicity in melanoma cells [43]. Therefore, it can be
hypothesised that the melanoma cells tried to convert

PICE to methyl-PICE derivatives to diminish the poten-
tial toxicity of the polyphenolic hydroxyl groups which
have been reported to exert selectively great anticancer
activity [31, 44]. Other polyphenols with o-diphenolic
moiety assayed on SK-Mel-28 cells (quercetin, caffeic
acid, dihydrocaffeic acid, hydroxytyrosol, etc.) also
yielded the corresponding methyl-derivatives whereas
their counterparts (without o-diphenolic moiety, i. e.,
kaempferol, p-coumaric acid, dihydro-p-coumaric acid,
tyrosol, etc.) were not methylated which supported the
COMT activity of melanoma cells (results not shown).

Taking into account the PICE instability in the
medium and despite the kinetics of PICE uptake by cells
not being evaluated, the fast action of PICE against
melanoma cells can be assumed (Figs. 2, 5, 6). In fact, the
plateau observed in the PICE pro-apoptotic activity
(Fig. 6) could be related to both instability of PICE in the
medium and detoxifying action of COMT in melanoma
cells.

More investigations are needed to fully understand
the underlying mechanism in the antimelanoma activ-
ity of piceatannol. In addition, there are no available
data regarding the bioavailability of piceatannol in hu-
mans or animal models, which also deserves additional
research. The present results support the previous data
regarding the anticancer activity of piceatannol. In this
context, the potent and fast pro-apoptotic capacity at
low (possibly plasmatic) concentrations of piceatannol
in melanoma cells could support the convenience of the
intake of piceatannol-containing sources such as grapes
and red wine as a healthy dietary habit.
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