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The effect of passion fruit, the fruit of Passiflora edulis, on melanin inhibition and collagen synthesis

was studied using cultured human melanoma and fibroblast cells. Passion fruit was divided into

three parts, rind (PF-R), pulp (PF-P), and seed (PF-S), and each part was extracted using 80%

ethanol. The concentration of polyphenols was higher in PF-S than in PF-R or PF-P. Treatment of

melanoma cells with PF-S led to inhibition of melanogenesis. In addition, the production of total

soluble collagen was elevated in dermal fibroblast cells cultured in the presence of PF-S. PF-R and

PF-P did not yield these effects. Furthermore, the removal of polyphenols from PF-S led to the

abolishment of the effects described above. We discovered that piceatannol (3,4,30,50-tetrahydroxy-
trans-stilbene) is present in passion fruit seeds in large amounts and that this compound is the major

component responsible for the PF-S effects observed on melanogenesis and collagen synthesis.
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INTRODUCTION

Tropical fruits and vegetables are beneficial for human health.
Passifloraceae is a well-known tropical plant from the South
American tropical forests, and its leaves, vines, and flowers are
used as medicinal herbs. There are many reports on the actions
of Passifloraceae herbs, which include its anti-anxiety effect in
humans (1) and its anti-inflammatory and cough-suppressant
effects in mice (2, 3). However, studies on the fruit of Passiflora
edulis from the Passifloraceae family, which is known as passion
fruit, are limited.

Passion fruit is usually eaten in its natural state, with the seeds,
or processed as tropical juice. Passion fruit contains many phyto-
chemicals, such as polyphenolic compounds (4) and carotenoid
families (5), and vitamin C (6), which are known as being beneficial
for the skin. Thehealth effects of the polyphenols contained inmany
natural plants, including tropical fruits, have been increasingly and
energetically studied. The content of polyphenols in various tropical
fruits (7), aswell as the bioactive effects of tropical fruits, such as acai
and mangosteen (8, 9), have been reported.

Skin abnormalities, such as aging, are caused by genetic and
environmental factors. In addition, the damage to skin by UV
exposure, mental and environmental stress, eating habits, etc.,
leads to skin pigmentation, wrinkles, and even skin cancer.

Melanin is the pigment that colors the skin. Although melanin
is important for protection fromUVrays, production to an exces-
sive degree leads to skin erythema, freckles, and other skin dis-
orders. Many bioactive substances from naturally occurring
plants are studied for the prevention of melanogenesis. In those
reports, the effect of polyphenols from safflower seed, grape seed
(10, 11), and many other edible plants are described. Collagen,
which is another molecule that is essential for skin health, plays
many important roles in the body, including cell-cell adhesion,
cell proliferation, and cell differentiation. The functional proper-
ties of the skin considerably depend upon the quantity and
condition of the collagen present in the dermis. Some foods and
food components contribute to the maintenance of the collagen
condition in the skin or inhibit collagen-degrading factors, e.g.,
royal jelly (12) and polyphenols, such as catechin and flavonoids
(13, 14). To prevent skin damage and maintain its protective
potency against environmental agents, there is an increased
research focus on compounds that target the skin. As described
above, polyphenols play important roles in dermal cells; thus, we
predicted the effectiveness of passion fruit in the promotion and
maintenance of skin health.

The aim of this paper was to investigate the effect of passion
fruit on melanogenesis and collagen synthesis in dermal cells and
identify the component responsible for these effects.

MATERIALS AND METHODS

Materials. Piceatannol (3,4,30,50-tetrahydroxy-trans-stilbene), resver-
atrol (3,5,40-trihydroxy-trans-stilbene), and polyvinylpolypyrrolidone
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(PVPP) were purchased from Sigma-Aldrich Japan (Tokyo, Japan).
Culture reagents, such as Dulbecco’s modified Eagle’s medium (DMEM),
Medium 106S, phosphate-buffered saline (PBS), low-serum growth sup-
plement (LSGS), glutamine, penicillin, streptomycin, gentamicin, ampho-
tericin B, and trypsin-ethylenediaminetetraacetic acid (EDTA), were
purchased from Invitrogen (Carlsbad, CA), and fetal bovine serum (FBS)
was purchased fromBiowest (Maine-et-Loire, France). Synthetic melanin
was purchased fromNacalai Tesque (Kyoto, Japan), and the Sircol soluble
collagen assay kit was purchased from Biocolor Life Science Assays
(Newtownabbey, U.K.). Other reagents were purchased fromWako Pure
Chemicals (Tokyo, Japan).

Sample Preparation. Commercial whole passion fruit (product of
Kagoshima, Japan)was divided into three parts: rind, pulp, and seed. Each
part was freeze-dried,milled, and extracted twice using 10-fold amounts of
80% (v/v) ethanol, by shaking at room temperature. The extract solution
was centrifuged at 3000g for 10 min to obtain the supernatant, which was
filtered through a paper filter to remove the sediment. Aliquots containing
the extracts were evaporated, freeze-dried, and dissolved in distilled water
at the concentration of 100 mg/mL (for rind and pulp) or 20 mg/mL (for
seeds). The extract solutions were filtered using a hydrophilic membrane
filter (Kanto Kagaku, Japan), with a pore size of 0.45 μm. The rind, pulp,
and seed of passion fruit extracts were termed PF-R, PF-P, and PF-S,
respectively.

Polyphenol Quantification. The polyphenol concentration was mea-
sured according to a modified Folin-Ciocalteu method, as described
previously (15), using (-)-epicatechin to obtain the standard curve for
polyphenol. To examine whether polyphenols contribute to the inhibition
of melanogenesis and collagen synthesis, polyphenols were removed from
PF-S via absorption with PVPP because the amide bonds of PVPP form
hydrogen bonds with the hydroxyl groups of polyphenols. PVPP was
swollen in distilledwater, added to 20mg/mLPF-S, and stirred for 30min.
The solution was centrifuged at 12000g for 15 min to obtain PVPP-treated
PF-S. The polyphenol concentrationwasmeasured again using theFolin-
Ciocalteu method, to confirm that the polyphenols were removed. The
experiment was carried out in triplicate.

Fractionation of PF-S. High-performance liquid chromatography
(HPLC) analysis was carried out using a Shimadzu system controller
SCL-10A, a UV detector RF-10A, and a fraction collector FRC-10A
(Shimadzu, Kyoto, Japan). Samples were fractionated via reverse-phase
HPLC using an octa decyl silyl (ODS) column (Mightysil RP-18 GP250-
10, 250 � 10 mm inner diameter, 5 μm, Kanto Kagaku, Tokyo, Japan).
A total of 4 mL of 20 mg/mL PF-S was injected into the HPLC apparatus
using a linear gradient of 0-30%at 0-10min from solvent B to solvent A,
where solvent A consisted of a water/acetonitrile/acetic acid (400:10:1,
v/v/v) mix and solvent B consisted of a solvent A/methanol (2:1, v/v) mix.
The temperature of the column was maintained at 40 �C. Measurements
were carried out at a flow rate of 3 mL/min, and the wavelength used for
UV detection was 280 nm. The absorbance of each fraction was measured
with a spectrophotometer (V-630, JASCO Corporation, Tokyo, Japan).
The HPLC chromatogram was divided into three fractions. Fraction 1
(tubes 1-17; 0-30 min), fraction 2 (tubes 18-23; 31-40 min), and
fraction 3 (tubes 23-39; 41-70 min). The solvents used for HPLC were
eliminated from each fraction by evaporation and freeze-drying, and the
remaining extracts were dissolved in distilled water to maintain a con-
centration of 100 μg/mL. Each fraction and 100 μg/mL of PF-S served as
samples for themeasurement ofmelanin and soluble collagen, as described
below.

Qualitative Analysis and Determination of Piceatannol. Ground
passion fruit seeds were extracted with 70% (v/v) acetone 3 times, with
shaking at room temperature. Samples were evaporated and freeze-dried
to obtain crude extracts. A total of 100 mg of crude extract was suspended
in 50 mL of 50% methanol solution and centrifuged at 1500g for 5 min.
This supernatant was separated via reverse-phase liquid chromatography
using a linear-gradient mode, as follows. Chromatographic measurements
were carried out using anAgilent 1100 series liquid chromatography/mass
spectrometry (LC/MS) system (Agilent Technologies, Tokyo, Japan) that
included a photodiode array (PDA) detector. The HPLC column used in
this study was Inertsil ODS-3 (150 � 2.1 mm inner diameter, 5 μm, GL
Science, Tokyo, Japan). The mobile phase consisted of (A) water and (B)
acetonitrile (v/v) using an initial gradient elution of 10% B and a gradient
of 10-45% B at 0-25 min. The column temperature was maintained

at 45 �C. All measurements were carried out at a flow rate of 0.25 mL/min
using a detector wavelength of 280 nm. The mass spectrometric data were
collected in full-scan mode, from m/z 200 to 1000.

Cells and Cell Culture. Melanin-producing MNT-1 human mela-
noma cells (a gift from Dr. V. J. Hearing, Laboratory of Cell Biology,
National Cancer Institute, National Institutes of Health, Bethesda, MD)
were cultured in DMEM containing 10% FBS, 4 mM glutamine, 100
units/mL penicillin, and 100 μg/mL streptomycin.

SF-TY human dermal fibroblast cells (Health Science Research
Resources Bank, Tokyo, Japan) were cultured in Medium 106S supple-
mented with 5% LSGS, 10 μg/mL gentamicin, and 0.25 μg/mL ampho-
tericin B.Melanoma and fibroblast cells were incubated at 37 �Cunder 5%
CO2 and 95% air.

Measurement of Melanin Content. MNT-1 cells were seeded at a
density of 7.0 � 104 cells/well in 12-well culture plates and were cultured
for 24 h. Subsequently, the medium was replaced with fresh DMEM
containing various concentrations of PF-R, PF-P, PF-S, and kojic acid
[5-hydroxy-2-(hydroxymethyl)-4-pyrone], which was used as a positive
control. After 72 h of culture, cells were washed with PBS and trypsinized
with 0.25% trypsin containing 0.02% EDTA. The number of cells har-
vested was counted. To measure the melanin produced in these cells,
harvested cells were washed twice with PBS and centrifuged at 300g for
5min at 4 �C, to obtain cell pellets. The cell pellets were dissolved in 500 μL
of 1 N NaOH and quantified for melanin content using spectrophoto-
metry at a wavelength of 415 nm. The concentration of the melanin
producedwas calculated from the standard curves using synthetic melanin
dissolved in 1 N NaOH. The melanin produced was expressed as a
concentration ratio relative to control MNT-1 cells that were not treated
with any of the extracts or kojic acid.

Measurement of Soluble Collagen Content. SF-TY cells were
seeded at a density of 1.7 � 104 cells/well in 48-well culture plates and
were cultured for 24 h. Subsequently, the medium was replaced with fresh
medium containing various concentrations of PF-R, PF-P, PF-S, and
ascorbate, which was used as a positive control. After 72 h of culture, the
medium was collected and assayed for soluble collagen content using
the Sircol soluble collagen assay kit, according to the instructions of the
manufacturer. Briefly, supernatants of SF-TY cells were centrifuged at
12000g for 4 min, and 100 μL of each supernatant was mixed with 1 mL of
Sircol dye and shaken for 30 min. The aliquot was then centrifuged at
12000g for 10 min to pellet the collagen-dye complex. After the suspen-
sion was decanted, droplets were dissolved in 0.75 mL of Sircol alkali
reagent. The concentration of collagen was measured using spectro-
photometry at a wavelength of 540 nm, using soluble collagen for the
standard curve. The value of the blank (i.e., the medium alone) was
subtracted from each sample, to remove the contribution of the collagen
contained in FBS. Total soluble collagen was expressed as a concentration
ratio relative to control SF-TY cells that were not treated with any of the
extracts or ascorbate. Adherent cells were washed twice with PBS and
harvested using trypsin, for cell counting.

Statistical Analyses. Data represent the mean ( standard deviation
(SD) for the indicated number of experiments. Statistical significance of
the difference between the corresponding control was carried out using the
paired t test, where /, //, and /// represented p < 0.1, p < 0.05, and
p < 0.01, respectively.

RESULTS

Total Polyphenol Content. Total polyphenol content in freeze-
dried rind, pulp, and seed was measured using the Folin-
Ciocalteu method. The results showed that PF-S contained
a much larger amount of polyphenols compared to PF-R and
PF-P, because polyphenols represented 33% of the freeze-dried
seeds. The rind and pulp contained only 4 and 0.2% polyphenols,
respectively. The part ratio occupying raw passion fruit was as
follows: rind, 40%; pulp, 48%; and seed, 12%, and the freeze-
drying process reduced the weight of each part by 14, 18, and 45%,
respectively. This means that the calculated polyphenol content in
the raw fruit was 0.22, 0.02, and 1.8%, respectively. Although the
seed represents only 12% of the whole fruit, in weight, 88% of the
total polyphenol content was found in the seed.
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Inhibition of Melanogenesis by PF-R, PF-P, and PF-S in

Melanoma Cells. Melanin synthesis was measured in melanin-
producing human melanoma cells. Cells were cultured in the
presence or absence of passion fruit extracts, and the melanin
produced was compared to that of control cells, which were
cultured in the absence of extracts. None of the samples inhibit
cell growth at the concentrations examined (data not shown). As
shown in Figure 1A, a significant decrease in melanin synthesis
was observed when PF-S was applied to the melanoma cell
culture at 20 μg/mL. In contrast, PF-R and PF-P did not inhibit
melanin synthesis, although the concentration of these extracts
was higher than that of PF-S. Kojic acid, which was applied
for positive control, showed statistical significance (p < 0.05) at
10 μg/mL. To examine whether the polyphenols contained in
PF-S are effective in the prevention of melanogenesis, polyphe-
nols were removed from PF-S via PVPP treatment. More than
95% of the polyphenols were removed. PF-S inhibited melanin
synthesis significantly, while PVPP-treated PF-S did not lead to
inhibition of melanin synthesis (Figure 1B).

Soluble Collagen Production in Dermal Fibroblast Cells after

PF-R, PF-P, and PF-S Treatment. Total soluble collagen was
quantified in the culturemediumof human dermal fibroblast cells
(Figure 2A). Cells were cultured in the presence or absence of
passion fruit extracts, and the collagen produced was compared
to that of control cells, which were cultured in the absence of
extracts. None of the samples inhibit cell growth at the concen-
trations examined (data not shown). Soluble collagen synthesis
increased in a dose-dependent manner after the addition of PF-S
to the cell culture. Ascorbate, which was applied for positive
control, showed statistical significance (p<0.1) at 25 μg/mL.
However, similar to what was observed in melanoma cells, PF-R
and PF-P did not increase collagen synthesis. Furthermore, PF-S
led to a significant increase in the soluble collagen concentration
in the medium (at 100 μg/mL) (Figure 2B), whereas the removal
of polyphenols from PF-S via PVPP treatment did not lead to an
increase of soluble collagen content in the culture medium.

Fractionation of PF-S andMeasurement of Melanin and Soluble

Collagen Synthesis. To determine the component of PF-S that
was responsible for the inhibition of melanogenesis and
soluble collagen synthesis, PF-S was fractionated using HPLC.

Figure 3 shows the absorbance of each fraction of PF-S obtained
by HPLC. One significant peak was observed at a retention time
of∼20min. PF-S was divided into three fractions, fractions 1-3,
where fraction 2 contained the significant peak and fractions
1 and 3 were fractions with a retention time that was earlier and
later, respectively, compared to fraction 2. The three fractions,
with a concentration equivalent to 100 μg/mL, were added to
MNT-1 and SF-TY cells to examine inhibition of melanogenesis
and soluble collagen synthesis, as described previously. As shown
in Figure 4A, fraction 2 inhibited melanin synthesis to a similar
extent, as did PF-S (p = 0.103). Soluble collagen synthesis was
also elevated in fraction-2-treated cells, which demonstrates that
the components responsible for these effects are contained in
fraction 2 (Figure 4B). However, only PF-S showed a significant
increase in collagen synthesis.

Determination of Piceatannol. The polyphenol contained in
passion fruit seed was determined by chromatographic measure-
ments. The specific peak 1, as described inFigure 5, corresponded

Figure 1. Comparison of melanin synthesis associated with (A) 80%
ethanol extracts of passion fruit rind (PF-R;b), pulp (PF-P; 2), and seed
(PF-S;9). (B)PF-S (9) and PVPP-treatedPF-S (0). Data are expressed
as means ( SD (n = 4). Statistical analyses were performed using the
paired t test: /, p < 0.1; //, p < 0.05; ///, p < 0.01. Figure 2. Soluble collagen synthesis associated with (A) 80% ethanol

extracts of passion fruit rind (PF-R;b), pulp (PF-P;2), and seed (PF-S;9).
(B) PF-S (9) and PVPP-treated PF-S (0). Data are expressed as
means ( SD (n = 3). Statistical analyses were performed using the
paired t test: /, p < 0.1; //, p < 0.05.

Figure 3. Absorbance of the fractioned 80% ethanol extracts of passion
fruit seed (PF-S), obtained using reverse-phase chromatography with an
ODS column. The three fractions were divided as fraction 1 (tubes 1-17;
0-18 min), fraction 2 (tubes 18-23; 19-22 min), and fraction 3 (tubes
23-39; 23-70 min).
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to piceatannol, which was present in passion fruit seed in large
amounts (Figure 6A). The retention time and the UV spectro-
graph coincided with those of standard piceatannol, with pice-
atannol and peak 1 showing retention times of 19.01 and 19.13
min and UV (λmax) of 236, 303, and 324 nm and 238, 303, and
325 nm, respectively. The LC/MS data of PF-S also coincided
with piceatannol, with the [M-H]- peak atm/z 243 (piceatannol
molecularweight of 244). Piceatannolwas not detected in the rind
or pulp. Resveratrol (Figure 6B) was also determined and is
represented in peak 2. The retention time and the UV spectro-
graph coincided with those of standard resveratrol, with resver-
atrol and peak 2 showing retention times of 23.43 and 23.61 min
andUV (λmax) of 237, 306, and 319 nmand 236, 306, and 319 nm,
respectively. The LC/MS data of PF-S also coincided with
resveratrol, with the [M - H]- peak at m/z 227 (resveratrol
molecular weight of 228). The amount of piceatannol and

resveratrol contained in freeze-dried passion fruit seed was 4.8
and 0.22 mg/g, respectively, which translates to 2.2 and 0.1 mg/g,
respectively, in raw passion fruit seed.

Comparison of the Effects of Piceatannol from PF-S and

Piceatannol Reagent in Dermal Cells.To evaluate the contribution
of piceatannol to the effects of PF-S on melanin inhibition and
collagen synthesis, piceatannol extracted from PF-S and a com-
mercially available piceatannol reagentwere prepared to the same
concentration, to compare their activity. As shown in Figure 7A,
piceatannol from PF-S showed a stronger effect in the inhibition
of melanin synthesis, although piceatannol reagent also yielded a
strong inhibition of melanin synthesis. Both piceatannol samples
decreased melanin synthesis significantly, at 4.5 μM. Soluble
collagen synthesis was increased after treatment with both
piceatannol samples; however, piceatannol reagent showed a
significant difference at 18.5 μM (Figure 7B).

Comparison of the Effects of Piceatannol and Resveratrol

Reagents in Dermal Cells. Piceatannol and resveratrol were
examined to compare their effects on dermal cells. As shown in
Figure 8A, both compounds inhibitedmelanin synthesis inMNT-1
cells, although piceatannol yielded a higher melanin inhibitory
effect compared to resveratrol, because piceatannol led to a
significant decrease in melanin synthesis at 5 μM, whereas

Figure 4. (A) Melanin synthesis associated with 100 μg/mL PF-S and
100 μg/mL PF-S fractionated using an ODS column. (B) Collagen synthe-
sis associated with 100 μg/mL PF-S and 100 μg/mL PF-S fractionated
using an ODS column. Data are expressed as means ( SD (n = 3).
Statistical analyses were performed using the paired t test: /, p < 0.1.

Figure 5. Determination of the concentration of piceatannol and resvera-
trol in passion fruit seed using chromatographic measurements. Peak 1
represents piceatannol, and peak 2 represents resveratrol. Standard
piceatannol and peak 1 showed retention times of 19.01 and 19.13 min
and UV (λmax) of 236, 303, and 324 nm and 238, 303, and 325 nm,
respectively. Standard resveratrol and peak 2 showed retention times of
23.43 and 23.61min andUV (λmax) of 237, 306, and 319 nm and 236, 306,
and 319 nm, respectively.

Figure 6. Chemical formulas of (A) piceatannol (3,4,30,50-tetrahydroxy-
trans-stilbene) and (B) resveratrol (3,5,40-trihydroxy-trans-stilbene).

Figure 7. Comparison of the effect of PF-S (b) and piceatannol reagent
(9) on (A) melanin synthesis and (B) collagen synthesis. Data are
expressed as means ( SD (n = 3). Statistical analyses were performed
using the paired t test: /, p < 0.1; //, p < 0.05; ///, p < 0.01.
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resveratrol led to a significant decrease in melanin synthesis at
20 μM. Moreover, both piceatannol and resveratrol increased
soluble collagen in SF-TY cells; piceatannol increased soluble
collagen significantly at 5 μM, whereas resveratrol increased
soluble collagen significantly at 10 μM (Figure 8B).

DISCUSSION

Passion fruit is a tropical fruit that is widely grown in South
America and is eaten with the seeds, in its natural state, or con-
verted to juice. The phytochemical compounds of passion fruit
juice have been studied (4-6), although there are not many on
seeds.However, it is reported that passiflin, a novel protein found
in passion fruit seed, acts as an antifungal protein (16) and that
the insoluble fiber from passion fruit seed acts as a potential
hypocholesterolemic ingredient (17). The oil content in the seed is
approximately 23%, of which 72% is linoleic acid (18).

Polyphenols are scavengers of reactive oxygen species (ROS).
Although ROS are a biogenic substance, exposure to UV rays,
stress, medication, and many other environmental conditions lead
to ROS production to an excessive degree. The total polyphenol
content and the antioxidant activity, as assessed using superoxide
dismutase (SOD) activity, which is a well-known antioxidant
index,were especially high inpassion fruit seeds (data not shown).
SOD activity is often used as an index of the strength of anti-
oxidant activity. Polyphenols are thought to be natural anti-
oxidants, and polyphenols, such as tea catechins (19) and pro-
anthocyanidin (11), have been reported as having antioxidant
activity in dermal cells. The high antioxidant activity found in
PF-S may derive from its high polyphenol content.

Piceatannol is a tetrahydric polyphenol and an analogue form
of resveratrol. The content of piceatannol in freeze-dried passion
fruit seed was 4.8 mg/g when extracted using 70% acetone, which
translates into 2.2 mg/g of raw material. There are many studies
on the functions of piceatannol, which include anti-allergic effects
(20) and inhibition ofmelanin synthesis (21). Piceatannol is found
in a limited number of plants, in limited amounts: 138-422 ng/g
of dry sample of highbush blueberry (Vaccinium corymbosum)
and deerberry (Vaccinium stamineum) (22) and 0.052 μg/g of fresh

weight from grapes (Vitis vinifera L., cv. Cabernet Sauvignon)
(23). Because of these reasons, Ku et al. (24) reported that
piceatannol can be produced in a large amount from the callus
of peanut by UV irradiation. Our results showed that passion
fruit contains a very high content of piceatannol in a natural
state, which is nearly 50 times larger than that found in grapes
(described above). Here, we report for the first time that pice-
atannol is present in passion fruit seed and that this content of
piceatannol is much higher than that known for any other plants.
Piceatannol was not detected in the rind or pulp of passion fruit.
Resveratrol was also detected in passion fruit seeds, at a con-
centration of 0.22 mg/g of freeze-dried seeds.

Piceatannol is often compared to resveratrol because of their
similar chemical structure. Resveratrol is one of the well-known
polyphenols contained in grapes and peanuts (23, 25) and
reportedly contributes to skin photoprotection and antioxida-
tion (26, 27), among other functions. Moreover, piceatannol is
a derivative of resveratrol and is metabolized from resveratrol via
the cytochrome P450 enzyme CYP1B1, which is involved in can-
cer prevention (28). We compared the melanin-inhibitory and
collagen-synthesis effects of piceatannol and resveratrol. Both
compounds led to the inhibition of melanin synthesis and the
production of soluble collagen; however, piceatannol yielded
stronger effects in both dermal cell types. The larger number of
hydroxyl groups in piceatannol may contribute to its stronger
effect compared to resveratrol; in addition, the catechol structure
may yield a high antioxidant effect.

To evaluate the contribution of piceatannol to the effects
observed for PF-S, we prepared a reagent at the same concentra-
tion of the piceatannol contained in PF-S and compared their
activity. The data show that piceatannol contributes to the
inhibition of melanin synthesis and that the effect of PF-S
depended strongly upon the effect of piceatannol. The slightly
stronger effect of PF-Smay be due to other bioactive compounds
(e.g., polyphenols, such as resveratrol or other antioxidant
pigments). These in vitro results suggest that piceatannol contri-
butes greatly to the inhibitory effect of PF-S onmelanin synthesis
and to the PF-S-mediated promotion of collagen synthesis.

We found that piceatannol was the major polyphenol con-
tained in passion fruit seed and that its melanin-synthesis in-
hibitory activity was higher compared to the other parts of
the passion fruit, although the rind and pulp also contain poly-
phenols (4, 29) and other pigments, such as carotenoids (5).
Studies on the mechanism of the biogenesis of melanin and the
inhibition of melanogenesis have progressed actively. Cytokines,
such as endothelin-1 (ET-1) and the R-melanocyte stimulating
hormone (R-MSH), induce melanogenesis; conversely, suppres-
sion of these cytokines inhibitsmelanogenesis (30,31).Moreover,
tyrosinase is the main enzyme that contributes to melanogenesis.
Tyrosinase catalyzes several steps of the melanin pigment biosyn-
thetic pathway, via oxidation. There are reports on the inhibitory
action of polyphenols from plant seeds on tyrosinase, e.g., those
of safflower seeds (10), and also of grape-seed-mediated inhi-
bition of melanogenesis in guinea pig (11). In addition, gnetol
(2,30,50,6-tetrahydroxy-trans-stilbene), which is another tetra-
hydroxyl stilbene compound isolated from gnetum, with a struc-
ture similar to that of piceatannol, has a strong inhibitory effect
on tyrosinase and suppresses melanin biosynthesis in melanoma
cells (32). Luteolin, the polyphenol contained in the rind of
passion fruit (29), inhibits melanin synthesis in B16 melanoma
cells (33); however, our results did not show inhibitory effects
for rind extracts. Yokozawa et al. (21) compared the melanin
inhibitory activities of piceatannol and resveratrol in melanoma
cells and concluded that the melanin inhibitory activity of pice-
atannol was higher than that of resveratrol because of the higher

Figure 8. Comparison of the effect of piceatannol (b) and resveratrol (9)
reagent on (A) melanin synthesis and (B) collagen synthesis. Data are
expressed as means ( SD (n = 3). Statistical analyses were performed
using the paired t test: /, p < 0.1; //, p < 0.05; ///, p < 0.01.
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antioxidative properties of piceatannol. Similar results were
obtained in the present study. Piceatannol contains an additional
hydroxyl residue, which provides a stronger reduction effect.
The high content of polyphenols in PF-S may inhibit tyrosinase
activity, and its high antioxidative activity may scavenge ROS;
however, further studies are needed to identify the precise mecha-
nism underlying these effects.

Collagen represents 1/3 of the total protein content in the body
and playsmany important roles, including cell-cell adhesion, cell
proliferation, and cell differentiation. Collagen is produced in
fibroblast cells, and approximately 70% of the dermis consists of
collagen. The functional properties of the skin depend upon
the quality and condition of the collagen present in the dermis.
Some food components promote collagen synthesis effectively in
the skin. Other substances act as co-enzymes of prolyl hydro-
xylase and lysyl hydroxylase, which are the key enzymes in
collagen synthesis, and some induce transforming growth factor
β1 (TGF-β1), which stimulates the accumulation of type-I
procollagen mRNA in human fibroblast cells (12). Inhibition of
the degradation of collagen via inhibition of matrix metallopro-
teinases (MMPs) is another effective approach to the mainte-
nance of collagen in the dermis. Piceatannol is an inhibitor of the
JAK1/STAT-1 pathway, which induces the expression of the
MMP-1 gene in cultured human dermal fibroblasts (34). More-
over, catechins,well-knownpolyphenols, also inhibitsUV-induced
expression of MMPs in mouse skin (13). These reports led us to
speculate that the PF-S-induced increase in the levels of collagen
may be the result of the inhibition ofMMPs or of their activity by
the polyphenols present inPF-S; however, additional experiments
are required to elucidate these issues.

In conclusion, we found that piceatannol was contained in
passion fruit seeds at very high levels and that it exerted positive
effects on cultured dermal cells: inhibition of melanogenesis and
synthesis of collagen. The synthesis of melanin and the degrada-
tion of collagen are accompanied by the production of ROS, and
ROS scavengers are effective for these damages.We postulate the
possibility from our in vitro data that oral and topical application
of PF-S may contribute to a decrease in the skin damage, which
leads to skin melanogenesis, wrinkles, and other skin abnorma-
lities. However, additional in vitro and in vivo studies are needed
for human application. Although passion fruit is usually eaten
with the seeds in its natural state, the seeds are discardedwhen it is
processed to tropical juice. Extraction of piceatannol from seeds
could be an efficient use of the seedswasted during the production
of passion fruit juice.

ABBREVIATIONS USED

PF-R, passion fruit rind extract; PF-P, passion fruit pulp
extract; PF-S, passion fruit seed extract; PVPP, polyvinylpoly-
pyrrolidone; DMEM, Dulbecco’s modified Eagle’s medium;
PBS, phosphate-buffered saline; SOD, superoxide dismutase;
HPLC, high-performance liquid chromatography; ODS, octa
decyl silyl; LC/MS, liquid chromatography/mass spectrometry;
PDA, photodiode array; ROS, reactive oxygen species; ET-1, endo-
thelin-1; R-MSH, R-melanocyte stimulating hormone; TGF-β1,
transforming growth factor β1;MMP, matrix metalloproteinase.
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