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Effects of Wine Phenolics and Sorghum Tannins on Tyrosinase
Activity and Growth of Melanoma Cells

C. Gomez-Cordovés,* ' B. Bartolomé,” W. Vieira, and V. M. Virador*
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National Institutes of Health, Bethesda, Maryland 20892

In this study, three different phenolic (anthocyanin, other flavonoid, and phenolic acid) fractions
from wine and a condensed tannin preparation from sorghum were tested for their effects on
melanogenesis of normal cells and growth of human melanoma cells. The wine phenolic fractions
decreased melanogenic activity (tyrosinase activity) at concentrations that resulted in a slight
variation in melanocyte viability. Sorghum tannins, however, increased melanogenic activity,
although no increase was found in total melanin at the concentrations that least affect melanocyte
viability. Incubation of human melanoma cells with the wine fractions and sorghum tannins resulted
in a decrease in colony formation, although the effect was not dose dependent in all cases. These
results suggest that all of these phenolic fractions have potential as therapeutic agents in the
treatments of human melanoma, although the mechanisms by which cellular toxicity is effected

seem to be different among the fractions.
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INTRODUCTION

The enzyme tyrosinase (EC 1.14.18.1) catalyzes the
oxidation of tyrosine and certain diphenolic intermedi-
ate products to quinones, which polymerize to give rise
to melanin. In vertebrates, tyrosinase is located in
specialized cells (melanocytes). Several pure compounds
are reported to act as inhibitors/activators of tyrosinase
activity (1—4). Tyrosinase inhibitors are used in depig-
mentation drugs and in cosmetics (5—7), whereas
compounds that increase melanogenesis may protect
human skin from ultraviolet irradiation damage (8). The
tyrosinase metabolic pathway also seems to be involved
in the antimelanoma effects of some tyrosine analogues
(6). These substances are oxidized by tyrosinase-
generating reactive o-quinones with cytotoxic potential
(6, 9).

Some of the beneficial effects of wine in human health
are attributed to its phenolic components. In vitro
antioxidant activity of wine phenolics against free
radicals and human low-density lipoproteins (LDL) is
widely reported (10, 11). Ingestion of alcohol-free red
wine by healthy human subjects increased plasma
antioxidant capacity parallel to increases of circulating
levels of polyphenols (12). In addition, supplementation
of caffeic acid, one of the hydroxycinnamic acids present
in wines, has been shown to increase the a-tocopherol
concentration in both plasma and lipoprotein in rats
(13). Some of the main phenolics found in wine have
been shown to arrest tumor growth as well as to inhibit
carcinogenesis in different experimental models (14).

The aim of this study was to evaluate the potential
of some plant phenolic preparations as therapeutic
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agents in the treatment of malignant melanoma. Three
different wine phenolic fractions and a sorghum tannin
preparation were obtained, characterized, and assayed
for their in vitro antioxidant activity. They were tested
for their effects in melanogenesis (tyrosinase activity)
and cell viability of normal melanocytes in culture. An
in vitro assay for tumorigenesis was carried out with
human melanoma cells growing in soft agar containing
the wine and the sorghum phenolics. The effects of these
compounds on colony formation were assessed by direct
colony counts.

MATERIALS AND METHODS

Isolation and ldentification of Wine Phenolic Frac-
tions. A Spanish “crianza” red wine (D.O. Rioja) was used.
Wine phenolics were extracted and fractionated using the
method described by Ghiselli et al. (11) slightly modified. In
brief, wine (400 mL) was adjusted to pH 2.0 and was extracted
with diethyl ether (100 mL) three times and then with ethyl
acetate (100 mL) three times. The aqueous residue was dried
with a nitrogen stream (wine anthocyanin fraction), and the
organic phases were combined, concentrated to dryness, and
dissolved in water (100 mL) at pH 7.0. The solution was then
extracted with diethyl ether (100 mL) three times and then
with ethyl acetate (100 mL) three times. The organic phases
were combined, dried with anhydrous sodium sulfate, filtered,
concentrated to dryness, redissolved in a small volume of
distilled water/methanol (1:1), and dried with a nitrogen
stream (wine flavonoid fraction). The aqueous residue from
this extraction was adjusted to pH 2.0 and extracted again
with diethyl ether (100 mL) three times and then with ethyl
acetate (100 mL) three times. The organic phases were
combined, dried with anhydrous sodium sulfate, filtered,
concentrated to dryness, redissolved in a small volume of
distilled water/methanol (1:1), and dried with a nitrogen
stream (wine phenolic acid fraction).

Phenolics in wine fractions were analyzed by HPLC-DAD.
A chromatographic system equipped with a model 600E pump
system, a U6K injector, and a model 991 photodiode array
detector (Waters, Milford, MA) was used. Previously published
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methods were followed for the analysis of benzoic and cinnamic
acids, aldehydes, flavan-3-ols, procyanidins, and flavonols (15
and for anthocyanins (16). Chromatographic peaks were
identified by comparing retention times and data of spectral
parameters with those of standards (15, 17). Relative amounts
of each phenolic compound were estimated as percentage of
peak area (at 280 nm for the flavonoid and phenolic acid
fractions and at 546 nm for anthocyanins) to total area of all
the peaks detected.

Sorghum Condensed Tannins. Sorghum condensed tan-
nins were obtained as reported by Jiménez-Ramsey et al. (18).
In brief, sorghum phenolics were extracted with methanol/
hydrochloric acid (99:1, v/v) and fractionated through Sephadex
LH-20. Sorghum condensed tannins were eluted with 80%
acetone and concentrated to dryness, redissolved in a small
volume of distilled water, and freeze-dried (sorghum tannins).
Sorghum condensed tannins were analyzed by HPLC as
described above.

In Vitro Antioxidant Activity. The antioxidant activities
of the wine fractions, sorghum condensed tannins, and some
phenolic standards [malvidin 3-O-glucoside, (+)-catechin, (—)-
epicatechin, resveratrol, tyrosol, tryptophol, gallic acid, caffeic
acid, and p-coumaric acid] were determined as the measure
of radical scavenging using DPPH- (19). The disappearance of
DPPH* was measured at the steady state. The radical stabi-
lization curves (disappearance of DPPH* versus phenolic
content) were calculated by preparing dilutions of the fractions
that yielded percentages of remaining DPPH-* between 100 and
10%. From these curves, the radical-scavenging capacity (Cso)
was defined as the amount (micrograms) necessary to decrease
the initial DPPH* concentration by 50%.

Activity on Melonogenesis and Cell Viability. Melan-a
cells (20) were a kind gift of Dr. D. C. Bennett (St. George’s
Hospital, London, U.K.) and were routinely grown in a
humidified atmosphere with 10% CO; at 37 °C in complete
RPMI 1640 medium containing 5% heat-inactivated fetal calf
serum, 50 units/mL penicillin, 50 mg/L streptomycin, 100 uM
p-mercaptoethanol, 2 mM L-glutamine, and 200 nM phorbol
12-myristate 13-acetate (PMA).

Upon exposure of melan-a melanocytes to the different
phenolic fractions, a standardized protocol was used for the
analysis of cell viability, melanogenesis (tyrosinase activity),
and total melanin. In brief, melan-a cells were seeded in six
well plates at 25000 cells/well. Upon attachment, test fractions
were added at various concentrations. Cells were exposed to
test compounds for a total of 4 days with one change of medium
and compounds. Cells were harvested by brief trypsin/EDTA
treatment, and an aliquot of each was seeded for the cell
viability (MTT) assay. The remaining cells were centrifuged
for 5 min at 1500 g, washed with Dulbecco’s phosphate buffer
saline, and then solubilized in extraction buffer [1% Nonidet
P40, 0.01% SDS, 0.1 M Tris-HCI, pH 7.2, containing protease
inhibitor cocktail (Boehringer-Mannheim, Indianapolis, IN)].
Aliquots of those extracts were used to determine melanin
content by absorbance at 650 nm and for radiometric assays
utilizing L-[**C]tyrosine (4). Experiments were carried out in
duplicate.

Colony Formation in Agar. All media and supplements
were from Gibco BRL except where indicated. MNT-1 cells
(human melanoma) (21) were routinely grown in a 10% CO;
humidified atmosphere. High-glucose DMEM medium con-
tained the following supplements: 2 mM L-glutamine, 100
units/mL penicillin, 100 mg/L streptomycin, 0.25 mg/L fungi-
zone, 0.1 mM MEM nonessential amino acids, 1 mM sodium
pyruvate, 0.16% NaHCO3, 10% Aim V medium, and 20% FBS
(Atlanta Biologic, Atlanta, GA). For colony formation in agar,
a previously published method was used (22) with some
modifications (23). Feeder layers composed of 0.5% molten agar
in 2x DMEM medium (with supplements) were allowed to
solidify in six well plates. Cells were harvested by brief
trypsinization, and 25000 cells/well were mixed with 0.6%
molten agar/2x DMEM medium (containing the test phenolic
fractions) for the top layer. Plates were initially covered with
Parafilm to preclude desiccation. Three weeks later, the
Parafilm was removed, and 100 xL aliquots of fresh medium
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Table 1. Characterization and Antioxidant Activity of
the Phenolic Fractions

radical
main phenolic compounds scavenging
(% of total phenolic capacity

phenolic fraction composition) (Cs0)?

wine anthocyanin
fraction

delphinidin 3-O-glucoside (11.4%) 29.4
cyanidin 3-O-glucoside (0.3%),
petunidin 3-O-glucoside (11.9%)
peonidin 3-O-glucoside (2.4%)
malvidin 3-O-glucoside (51.3%)
malvidin 3-(6-O-p-coumaroyl)-
glucoside (1.7%)

wine flavonoid
fraction

hydroxytyrosol (4.8%) 8.0
tyrosol (7.4%)

tryptophol (11.7%)

(+)-catechin (11.2%)

(—)-epicatechin (5.1%)

procyanidin B2 (0.6%)

procyanidin B5 (1.7%)

others procyanidins (1.2%)

quercetin glycosides (4.5%)

resveratrol (8.1%)

wine phenolic acid  gallic acid (15.6%) 36.5
fraction protocatechuic acid (2.8%)
p-hydroxybenzoic acid (1.4%)
vanillic acid (2.9%)
syringic acid (9.9%)
caffeic acid (22.3%)
p-coumaric acid (23.7%)
ferulic acid (0.6%)
3,4-dihydroxyphenylacetic acid
(5.1%)
p-coumaric esters (5.3%)

sorghum tannins polymers greater than 5.2

procyanidin pentamers

a Expressed as the amount (micrograms) necessary to decrease
the initial DPPH* concentration by 50%.

were added. Growth of colonies was monitored under the
microscope every 3 days. Colonies were visible by eye at 4
weeks, and then they were counted and photographed. Colo-
nies >5 um in diameter were counted. Colony counting was
carried out with an Alphalmager 2000 (Alpa Innotech Corp.,
San Leandro, CA) with their proprietary software AlphaEase.
The thresholds required for colony counting were established
by counting five random fields in a dissecting microscope and
comparing the results.

RESULTS AND DISCUSSION

The wine phenolic fractions were found to contain
mainly anthocyanins (anthocyanin fraction), alcohols,
flavan-3-ols, procyanidins, and flavonols (flavonoid frac-
tion), and benzoic and cinnamic acids (phenolic acid
fraction). The main individual phenolic compounds
identified in each fraction are reported in Table 1. In
the anthocyanin fraction, 79% of the anthocyanins
correspond to single glucosylated forms such as del-
phinidin 3-glucoside (D-3-gl), cyanidin 3-glucoside (Cy-
3-gl), petunidin 3-glucoside (Pt-3-gl), peonidin 3-gluco-
side (Pn-3-gl), and malvidin 3-glucoside (M-3-gl) and
acyl derivatives such as malvidin 3-(6-O-p-coumaroyl)-
glucoside. Alcohols such as hydroxytyrosol, tyrosol, and
tryptophol, flavan-3-ols such as (+)-catechin and (—)-
epicatechin, procyanidins such as B2 and B5, flavonol
glycosides such as quercetin glycosides, and stilbenes
such as resveratrol were present in the wine flavonoid
fraction. The main compounds detected in the wine
phenolic acid fraction were gallic acid, protocatechuic
acid, p-hydroxybenzoic acid, vanillic acid, syringic acid,
caffeic acid, p-coumaric acid, ferulic acid, 3,4-dihydroxy-
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phenylacetic acid, and p-coumaric esters. Ghiselli et al.
(11) reported similar phenolic compositions for the
anthocyanin, flavonoid, and phenolic acid fractions
obtained from a young Italian red wine. These authors
identified myricetin 3-glucoside, kaempferol, and kaemp-
ferol 3-glucoside in the flavonoid fraction and p-couma-
royl- and feruloyltartaric acids in the phenolic acid
fraction. These compounds were not detected in our
study; however, we identified hydroxytyrosol, tyrosol,
and tryptophol in the flavonoid fraction and syringic
acid in the phenolic acid fraction, which were not
reported by Ghiselli et al. (11). The composition in
procyanidins of the wine flavonoid fraction found in our
study was slightly different from the one reported by
Ghiselli et al. (11). The sorghum tannin preparation
obtained in this study was found to contain polymers
greater than procyanidin pentamers because no peaks
were detected for procyanidins.

The in vitro antioxidant capacity (radical scavenging
capacity, Csp) was higher for sorghum tannins and the
wine flavonoid fraction than for the wine anthocyanin
and phenolic acid fractions (Table 1). The radical
scavenging capacity against DPPH* has been shown to
depend on phenolic structure (19, 24). The antioxidant
capacity of the wine fractions should be the result of
the contributions of the main phenolic compounds
present and their possible synergistic effects. The Csg
value for the anthocyanin fraction (29.4 ug) was similar
to the value obtained for the main component, malvidin
3-O-glucoside (22.5 ug). (+)-Catechin and (—)-epicat-
echin with Cso values of 6 and 2.5 ug, respectively,
seemed to be the major compounds contributing to the
antioxidant capacity of the flavonoid fraction. Other
components such as resveratrol, tyrosol, and tryptophol
showed lower values for radical scavenging capacity (17,
105, and >1600 ug, respectively), and it might be other
nonidentified components that also contributed to the
total antioxidant capacity of this fraction. The antioxi-
dant capacity of the wine phenolic acid fraction can be
attributed to acids such as gallic and caffeic, with Csg
values of 1.5 and 2.5 ug, respectively, rather than to
p-coumaric acids, with a Cso value of 985 ug.

Wine anthocyanin fractions and sorghum tannins
were tested for their melanogenic effects in cultured
cells at a concentration range between 500 and 4 mg/L,
whereas wine flavonoid and acid fractions were tested
at a range between 1000 and 8 mg/L. In all cases, the
highest concentration tested resulted in a profound
decrease in cell viability. Only concentrations that
resulted in a slight decrease in viability are reported
here (Figure 1). Standard error in all results shown was
+<5%. The three wine fractions decreased melanogenic
activity (tyrosinase activity) at some concentrations
while minimally affecting cell viability (Figure 1). Mela-
nogenic activity of wine fractions at concentrations that
least affected cell viability (100 mg/L for the anthocya-
nin fraction, 40 mg/L for the flavonoid fraction, and 8
mg/L for the acid fraction) seemed to be inversely
related to their antioxidant activity (see Table 1). This
result may be explained by direct competitive inhibition
of melanocyte tyrosinase by some of the phenolic
compounds contained in these fractions and/or by an-
tioxidant mechanisms affecting tyrosinase expression
or other cell signaling mechanisms. Surprisingly, sor-
ghum tannins at 20 mg/L increased melanogenic activ-
ity, although no increase was found in total melanin.
Compared to the single phenolic structures present in
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Figure 1. Quantitative analysis of the effects of the phenolic
fractions on melanogenic activity (tyrosinase activity) and
melanocyte viability in culture: (A) cell viability measured by
the MTT assay; (B) tyrosinase activity measured as radioactive
melanin formation quantitated by phosphorimager; (C) total
intracellular melanin measured as absorbance at 650 nm of
the soluble cell extracts. Melan-a mouse melanocytes were
treated in culture for 4 days with the phenolic fractions at the
concentrations indicated. Each value represents a mean of the
duplicate determinations from duplicate samples. This experi-
ment was repeated three times with similar results.

the wine fractions, sorghum tannins have a greater
ability to interact with proteins with the consequent
decrease on enzymatic activities. Because the tannin
preparation showed the highest antioxidant activity
(Table 1), melanin production may be inhibited inside
the cells, but radioactive melanin can be enzymatically
produced from solubilized tyrosinase in the melanogenic
assay.

Some phenolic compounds have been shown to inhibit
mammalian melanin production in vivo or in vitro.
Hydroquinone (3, 4), arbutin (a glucopyranoside of
hydroquinone) (25—27), kojic acid (28), and glabridin
(29) have been reported as potential inhibitors of tyro-
sinase activity, and their phenolic groups are not in the
ortho position, which is required for the dopa oxidase
activity of tyrosinase (30).

The effects of the wine phenolic fractions and sorghum
tannins on the growth of human melanoma cells were
also studied. The ability of cells to undergo unlimited
proliferation is tested by their ability to form a colony,
and the colony formation assay determines the propor-
tion of cells surviving a particular treatment under the
conditions used, thus assessing their sensitivity to
cytotoxic treatments. In a modification of the colony
formation assay using growth on agar, the ability of
cancerous cells to grow and migrate unattached to a
substrate is tested (anchorage-independent growth).
Figure 2 shows the colony formation of MNT-1 human
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Figure 2. Colony formation assay for the phenolic fractions.
Feeder layers composed of 0.5% molten agar in 2x DMEM
medium were allowed to solidify in six well plates. MNT-1
human melanoma cells were suspended in 0.6% agar with 2x
DMEM medium containing the phenolic fractions. Colonies,
visible by eye at 4 weeks, were counted in an Alphalmager
and photographed. Three separate experiments were carried,
each at four concentrations plus replicate negative controls,
covering the range of concentrations shown in the figure.

melanoma cells following exposure to different concen-
trations of the phenolic fractions. All fractions decreased
colony formation, but the effect seemed not to be
progressively dose dependent. Concentrations having
the least effect on colony formation (i.e., lowest toxicity)
varied among the fractions: 40 mg/L for wine antho-
cyanidins, 200 mg/L for other wine flavonoids, 1000
mg/L for wine phenolic acids, and 8 mg/L for sorghum
tannins. The wine phenolic acid fraction and the tannins
did have a dose-dependent pattern. Toxicity to mela-
noma cells may occur mostly by free radical species, and
therefore antioxidants present in the cellular milieu
should confer protection. Indeed, the wine phenolic acid
fraction, with the lowest in vitro antioxidant activity
(Table 1), had the lowest colony formation overall,
whereas the sorghum tannins, which had the highest
in vitro antioxidant activity (Table 1), showed the
highest colony formation overall. Other aspects of the
action of phenolics should also be considered for the
interpretation of these results. First, phenolic antioxi-
dants act as inhibitors of melanin formation, either by
inhibition of tyrosinase activity or by competitive inhibi-
tion of their oxidation products in the formation of dopa
0-quinones that are the main precursors of melanin (31).
Inhibition of melanin formation appears to be inversely
correlated with the proliferation of melanized cells (32,
33). Second, oxidation of phenolics could lead to the
generation of compounds with different cytotoxic po-
tential against melanoma cells. At the lowest concentra-
tion tested (8 mg/L), the survival of melanoma cells in
this assay seemed to be inversely related to the anti-
oxidant potential of the phenolic fractions (Table 1). At
higher concentrations, the toxicological effect of the
oxidized phenolic compounds would be relatively more
important and would lead to differences among fractions
and to a dose-independent trend, perhaps reflecting the
diverse actions of individual phenolics in those fractions
(29, 34).

Growth inhibition of malignant cells has been studied
mostly on monolayer cultures. Kamei et al. (35) reported
the growth inhibitory effect of bioflavonoids on cells in
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culture. Others have reported similar inhibition effected
by purified tea polyphenols (34, 36, 37), resveratrol (38),
and glabridin (29). There are fewer reports of the effects
on clonal growth in soft agar, which reflects the anchor-
age-independent growth associated with metastatic
potential. Dong et al. (39) reported that (—)-epigallo-
catechin gallate (EGCG) and theaflavins inhibited
epidermal growth factor- or 12-O-tetradecanoylphorbol-
13-acetate-induced cell transformation in a dose-de-
pendent manner. Quercetin (1 «M) inhibited the clono-
genic capacity of human melanoma cells by ~60% (and
so did tamoxifen), whereas rutin, a glucoside of quer-
cetin, did not inhibit such growth (40). Green tea has
been shown to inhibit in vivo metastasis and in vitro
invasion of mouse Lewis lung carcinoma LL2-Lu3 cells,
which are highly metastatic (41). The invasion inhibi-
tion may be associated with inhibition of type IV
collagenase activity. This activity would be ascribed to
the galloyl moiety because gallic acid is a well-known
protein cross-linking agent (used of old for tanning).

CONCLUSIONS

Polyphenols from plant sources have been extensively
studied, and a plethora of activities has been attributed
to them. Most important are antioxidant and detoxifying
effects as well as effects on lowering the rate of cell
replication, thus controlling neoplasms. Our data show
that these phenolic fractions inhibit melanogenic activ-
ity in melanocytes and decrease colony forming of
melanoma cells, which support their potential as thera-
peutic agents in the treatments of human melanoma.
The mechanisms by which cellular toxicity is effected
seem to be different among the fractions but need to be
further investigated. We are currently studying these
effects in a murine melanoma cell line as well as in vivo
by treatment of melanoma tumors in mice.
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