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The use of naturally occurring botanicals with substantial antioxidant activity to prevent photoageing is 
receiving increasing attention. We have previously identified piceatannol and scirpusin B, which is a dimer 
of piceatannol, as strong antioxidants that are present in passion fruit (Passiflora edulis) seeds. In the pres-
ent study, the effects of passion fruit seed extract, piceatannol, and scirpusin B on human keratinocytes were 
investigated. The passion fruit seed extract and piceatannol upregulated the glutathione (GSH) levels in kera-
tinocytes in a dose-dependent manner, indicating that piceatannol is an active component of the passion fruit 
seed extract in keratinocytes. The pretreatment with piceatannol also supressed the UVB-induced generation 
of reactive oxygen species (ROS) in the keratinocytes. In addition, the transfer of the medium from the UVB-
irradiated keratinocytes to non-irradiated fibroblasts enhanced matrix-metalloproteinase (MMP)-1 activity, 
and this MMP-1 induction was reduced when the keratinocytes were pretreated with piceatannol. These 
results suggest that piceatannol attenuates the UVB-induced activity of MMP-1 along with a reduction of 
ROS generation in keratinocytes. Thus, piceatannol and passion fruit seed extract containing high amounts 
of piceatannol are potential anti-photoageing cosmetic ingredients.
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Solar UV irradiation damages human skin causing it to age 
prematurely, a process referred to as photoageing, and to de-
velop the characteristics of thickened epidermis and increased 
melanogenesis.1–3) In contrast, intrinsic (chronological) ageing 
is characterised by skin atrophy accompanied by a loss of 
elasticity and reduced metabolic activity.4–8)

A hallmark of photoageing is the disorganisation of col-
lagen, the major structural component of the skin. Collagen is 
produced mainly by dermal fibroblasts and is degraded by the 
matrix metalloproteinases (MMPs) that are secreted by vari-
ous cells, including keratinocytes, fibroblasts, and inflamma-
tory cells.2,8,9) UV irradiation, particularly UVB (290–320 nm) 
and UVA (315–400 nm), induces the expression of matrix 
metalloproteinase-1 (MMP-1) in the fibroblasts, which is 
mainly responsible for the degradation of the dermal collagen 
in the ageing process of human skin. Therefore, UV-induced 
MMP-1 is considered to contribute substantially to the con-
nective tissue damage that causes severe collagen deficiency 
and wrinkling during photoageing.2,8) Although keratinocytes 
do not produce MMP-1 in response to UVB irradiation, dam-
aged epidermal keratinocytes indirectly play important roles 
in the release of MMP-1. It has been reported that the culture 
medium of UVB-irradiated keratinocytes stimulates MMP-1 
release from fibroblasts more efficiently than the direct irra-
diation of the fibroblasts.10,11)

The primary mechanism by which UV irradiation initiates 
molecular responses in human skin is through the photochro-
mic generation of reactive oxygen species (ROS). ROS cause 
oxidative damage and decrease the levels of non-enzymatic 
antioxidants, such as glutathione (GSH), resulting in the sub-
sequent activation of complex signalling pathways and MMP 

induction.3,12) ROS are also involved in intrinsic ageing, and 
the main source of excess ROS in intrinsic ageing is mito-
chondrial oxidative energy generation. During the skin ageing 
process, the ROS levels increase, and the antioxidant defences 
decline.13,14)

Antioxidants are regarded as promising agents that reduce 
such oxidative stress. In recent years, naturally occurring 
compounds, such as phenolic acids, flavonoids, and high 
molecular weight polyphenols, have gained considerable at-
tention as beneficial protective agents.15) Numerous studies 
have shown that polyphenols, such as epigallocatechin gal-
late (EGCG),16) resveratrol (trans-3,5,4′-trihydroxystilbene),17) 
and quercetin (3,5,7,3′,4′-pentahydroxyflavon),18) prevent UV-
induced skin ageing.

Passion fruit (Passiflora edulis Sims.) is a vine species of 
the passion flower family (Passifloraceae) indigenous to the 
tropical regions of America and is known as a medicinal 
herb. Previous studies have reported that the leaves, vines, 
and flowers of P. edulis contain polyphenolic compounds with 
many biological effects, including anti-anxiety,19,20) anti-infla-
mation,21,22) and cough-suppressant effects.23) The fruit (called 
the passion fruit) is often eaten together with the seeds.

We previously discovered that passion fruit seeds contain 
large amounts of piceatannol24) and scirpusin B,25) natural 
polyphenolic compounds that have strong antioxidant activi-
ties.25)

In the present study, the effects of a passion fruit seed 
extract, piceatannol, and scirpusin B on the GSH levels in 
human keratinocytes were investigated. In addition, the effects 
of pretreatment with piceatannol on UVB-irradiated kerati-
nocytes were evaluated by examining the ROS generation in 
keratinocytes and MMP-1 activity in fibroblasts.

* To whom correspondence should be addressed.  e-mail: h-uchida-ji@morinaga.co.jp

The authors declare no conflict of interest.



846� Vol. 36, No. 5

Materials and Methods

Materials ​ Normal human keratinocytes, normal human 
fibroblasts, Humedia KG2, and Humedia KB2 were obtained 
from Kurabo (Osaka, Japan). 2′,7′-Dichlorodihydrofluorescein 
diacetate (H2DCFDA) was purchased from Calbiochem (San 
Diego, CA, U.S.A.). Glutathione reductase, Triton X-100, and 
trypsin were purchased from Sigma-Aldrich (St. Louis, MO, 
U.S.A.). 5,5′-Dithio-bis(2-nitrobenzoic acid) (DTNB) was 
purchased from Wako (Osaka, Japan). Nicotinamide-adenine 
dinucleotide phosphate (NADPH) was purchased from Ori-
ental Yeast Industries (Tokyo, Japan). The bicinchoninic acid 
(BCA) protein assay reagent was obtained from Pierce (Rock-
ford, IL, U.S.A.). Fluorescein isothiocyanate (FITC)-labelled 
type I collagen was purchased from the Collagen Research 
Center (Tokyo, Japan). Collagenase type I was obtained from 
Worthington Biochemical (Lakewood, NJ, U.S.A.). All of the 
other chemicals were of analytical reagent grade.

UVB Irradiation ​ For the irradiation, a Philips 
TL20W/12RS UV-B MEDICAL instrument (Philips, Eind-
hoven, The Netherlands) equipped with a long-path filter 
above 300 nm (Asahi Spectra LU0300, Tokyo, Japan) was 
used. The exposure to UVB irradiation was performed at 40 
or 10 mJ/cm2 for 5 min. In parallel, non-irradiated cells were 
kept in the dark during the UVB irradiation.

Sample Preparation (Passion Fruit Seeds, Piceatannol, 
and Scirpusin B) ​ Freeze-dried and milled passion fruit 
seeds were used. The passion fruit seeds were extracted using 
30% 1,3-butylene glycol (BG), which was removed prior to 
the assay. Briefly, the 30% BG extract was concentrated by 
evaporation, and the solvent was removed by freeze-drying. 
The powder contained piceatannol (37.06 µg/mg) and scirpusin 
B (14.98 µg/mg), which were purified using a previously de-
scribed protocol24,25); 99% pure piceatannol and 91.8% pure 
scirpusin B were produced. Piceatannol was purchased from 
Tokyo Chemical Industry (Tokyo, Japan) and used in the GSH 
and ROS experiments. There was no difference between the 
extract and the reagent (data not shown).

GSH Level ​ Normal human keratinocytes were seeded at 
a density of 2.0×104 cells per 96-well dish in Humedia KG2 
medium. At 24 h after plating, the cells were treated with 
fresh Humedia KG2 medium containing the indicated treat-
ments for 24 h. The cells were sonicated, and the total GSH 
level was determined using the glutathione reductase recycling 
method. A 50 µL aliquot of the suspension was mixed with 
125 µL phosphate buffer (0.1 m, pH 7.5) and incubated with 
25 µL NADPH and 25 µL glutathione reductase (3.2 units/
mL) for 10 min at 37°C. After the incubation, 25 µL of 10 mm 
DTNB was added. The reaction was followed as the ΔA450, 
and the total GSH content was calculated using a standard 
curve. The protein concentration of the suspension was deter-
mined using the BCA protein assay reagent.

Intracellular ROS Measurement ​ Normal human kerati-
nocytes were seeded at a density of 2.0×104 cells per 96-well 
dish in Humedia KG2 medium. At 24 h after plating, the cells 
were treated with fresh Humedia KG2 medium contain-
ing piceatannol (0–2 µg/mL) for 24 h. The intracellular ROS 
levels were determined using the dichlorodihydrofluorescein 
assay. The polar, non-fluorescent substrate dichlorodihydro-
fluorescein diacetate (H2DCFDA) undergoes deacetylation by 
cytosolic esterases to form dichlorodihydrofluorescein, which 

reacts with ROS and gives rise to the fluorescent derivative di-
chlorofluorescein. The fluorescence was monitored at specific 
excitation/emission wavelengths (488/530 nm).

The cells were incubated with 20 µm H2DCFDA for 30 min 
and washed with Hanks’ buffered solution without Ca2+ and 
Mg2+. The cells were lysed with 100 µL Triton X-100 (0.5%) 
after UVB irradiation, and the fluorescence was measured 
using a fluorescence plate reader. The protein concentra-
tion was determined using the BCA protein assay reagent. 
The level of intracellular ROS was expressed as the relative 
fluorescence intensity per gram protein; the level of the non-
treated cells was set at 100%. The cellular ROS levels were 
observed using a fluorescence microscope.

Assay of MMP-1 ​ Normal human keratinocytes were 
seeded at a density of 5.0×105 cells per 6-well dish in Hume-
dia KG2. At 24 h after plating, the cells were treated with Hu-
media KB2 medium containing piceatannol (0–1 µg/mL) for 
24 h. The cells were irradiated with UVB in Hanks’ balanced 
salt solution without Ca2+ and Mg2+. After irradiation, the cells 
were cultured in fresh Humedia KB2 without piceatannol for 
24 h. This medium was termed the “keratinocyte-conditioned 
medium.”

Normal human fibroblasts were seeded at a density of 
2.0×104 cells per 96-well dish in Dulbecco’s modified Eagle’s 
medium with 5% fetal bovine serum (FBS-DMEM). At 24 h 
after plating, the cells were treated with the keratinocyte-con-
ditioned medium for 48 h, and the amount of MMP-1 secreted 
into the culture medium was determined.

An 80 µL sample of the culture supernatant was reacted 
with 10 µL trypsin (0.05 mg/mL) for 15 min at 37°C, and 10 µL 
soybean trypsin inhibitor (0.25 mg/mL) was added to termi-
nate the reaction. The MMP-1 activity was estimated at 37°C 
for 2 h using fluorescein isothiocyanate (FITC)-labelled type I 
collagen as a substrate. The reacted culture medium was incu-
bated with FITC-labelled type I collagen, and the fluorescence 
was monitored at specific excitation/emission wavelengths 
(495/520 nm). For the MMP-1 activity, one unit was defined 
as the amount of enzyme necessary to degrade 1 µg of type 
I collagen per min at 37°C. Non-cultured medium and colla-
genase type I were used as the negative and positive controls, 
respectively. The protein concentration was determined using 
the BCA protein assay reagent.

Statistical Analysis ​ The data were expressed as the 
mean±​S.D. A statistical comparison analysis was performed 
using the Student’s t-test; p<0.05 was considered statistically 
significant.

Results

The Effect of Passion Fruit Seed Extract on the Gluta-
thione Levels in Human Keratinocytes ​ To investigate the 
effect of the passion fruit seed extract on human keratinocytes, 
the level of glutathione (GSH), which is the most important 
cellular non-enzymatic antioxidant, was measured after the 
keratinocytes were treated with the passion fruit seed extract, 
piceatannol, or scirpusin B. The keratinocytes treated with the 
passion fruit seed extract or piceatannol for 24 h exhibited a 
dose-dependent GSH induction. The passion fruit seed extract 
increased the GSH level by 17% (p<0.0005) at 6.25 µg/mL, 
33% (p<0.0005) at 12.5 µg/mL, and 77% (p<0.005) at 25 µg/
mL. Piceatannol increased the GSH level by 13% (p<0.05) at 
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0.25 µg/mL, 22% (p<0.05) at 1 µg/mL, and 63% (p<0.0005) 
at 2 µg/mL. Scirpusin B slightly increased the GSH level by 
12% (p<0.05) at 2 µg/mL (Fig. 1). The cellular protein levels 
were not affected by treatment with passion fruit seed extract 
or scirpusin B, whereas the protein level was lower after treat-
ment with 2 µg/mL piceatannol (data not shown).

The Effect of Piceatannol on UVB-Induced ROS Gen-
eration in Human Keratinocytes ​ To investigate the effect 
of piceatannol on UVB-induced ROS generation, the kerati-
nocytes were treated with piceatannol for 24 h prior to UVB 
(40 mJ/cm2) irradiation. Whereas the UVB irradiation induced 
intracellular ROS 1.8-fold, pretreatment with piceatannol led 
to a dose-dependent decrease in the ROS level both in non-
irradiated and irradiated keratinocytes. The ROS level in the 
irradiated keratinocytes was decreased by 13% (p<0.05) at 
0.5 µg/mL, 21% (p<0.005) at 1 µg/mL and 58% (p<0.0005) 
at 2 µg/mL compared to the un-treated cells. The ROS level 
in the non-irradiated keratinocytes was decreased by 8% 
(p<0.0005) at 1 µg/mL and 22% (p<0.0005) at 2 µg/mL com-
pared to the un-treated cells. Interestingly, a low concentration 
(0.0625–0.125 µg/mL) of piceatannol slightly (4–5%, p<0.05) 
increased the ROS level in the non-irradiated keratinocytes 
(Fig. 2).

Indirect Effect of Piceatannol on MMP-1 Activation in 
Fibroblasts Treated with UVB-Irradiated Keratinocyte-
Conditioned Medium ​ To determine the indirect effect of 
piceatannol on fibroblasts, the keratinocytes were incubated 
with piceatannol for 24 h prior to UVB (10 mJ/cm2) irradia-
tion, and the medium from the UVB-irradiated keratinocytes 
was applied to non-irradiated fibroblasts. The MMP-1 activ-
ity in the non-irradiated fibroblasts increased 2-fold follow-
ing the addition of the medium from the UVB-irradiated 
keratinocytes. When fibroblasts were exposed to conditioned 
medium from cultured keratinocytes treated with piceatan-

Fig.  1.  Intracellular GSH Level in Keratinocytes
Keratinocytes were treated with various concentrations of passion fruit seed 

extract, piceatannol or scirpusin B for 24 h. The GSH levels were measured using 
DTNB, as described in Materials and Methods. The values are the mean±S.D. 
(n=3–5). The statistical analysis was performed using the Student’s t-test. 
* p<0.05, *** p<0.0005, significantly different from the non-treatment group.

Fig.  2.  The Effect of Piceatannol on ROS Generation in Keratinocytes
Keratinocytes were pretreated with various concentrations of piceatannol for 24 h prior to UVB irradiation (40 mJ/cm2). (A) At 5 min after the UVB irradiation, the 

intracellular ROS generation was measured using the H2DCFDA method, as described in Materials and Methods. The values are the mean±S.D. (n=4). The statistical 
analysis was performed using the Student’s t-test. *,# p<0.05, ## p<0.005, ***,### p<0.0005, significantly different from each non-treatment group. (B) Representative fluo-
rescence microscopy images showing the decrease of fluorescence intensity of H2DCF produced by ROS.
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nol prior to UVB, the MMP-1 activity was suppressed by 
37% (p<0.05) at 0.125 µg/mL, 34% (p<0.005) at 0.25 µg/mL, 
25% (p<0.005) at 0.5 µg/mL, and 30% (p<0.05) at 1 µg/mL 
compared to the un-treated cells. In addition, the conditioned 
medium used for cultured keratinocytes with piceatannol 
without UVB irradiation also suppressed the MMP-1 activity 
in the fibroblasts by 37% (p<0.05) at 0.125 µg/mL and 42% 
(p<0.05) at 0.5 µg/mL (Fig. 3).

Discussion

UV irradiation induces ROS generation in the skin, and it is 
the primary cause of photoageing.26) When ROS are not elimi-
nated by the antioxidant defence systems, the results include 
oxidative stress and increased skin aging. However, botanical 
antioxidants may be promising reagents for the prevention of 
photoageing. Cosmetic ingredients are generally applied to 
epidermis, so we focused on the direct effect on keratinocytes. 
In this report, we examined the anti-photoageing efficacy of 
passion fruit seed extract in UVB-irradiated keratinocytes.

Intracellular GSH plays important roles in protecting the 
skin from the oxidative stress caused by various chemicals 
and UV irradiation. UV irradiation is known to deplete GSH 
levels, and UVB-induced GSH depletion is believed to be 
involved in the pathogenesis of several skin disorders. In this 
study, we showed that piceatannol and a passion fruit seed 
extract increased the intracellular GSH levels in a dose-de-
pendent manner in keratinocytes. Piceatannol has previously 
been reported to increase the GSH level in B16 melanoma 
cells,27) while UVB irradiation have no effect on the GSH 
level in melanocytes.28) Our finding that GSH levels increased 
in keratinocytes is important for UV protection in skin.29) The 
passion fruit seed extract contains 127.8 µg/mg piceatannol, 
but the piceatannol concentration was decreased by two thirds 
during the powdering process (data not shown). The treatment 
with the passion fruit seed extract showed effects that were 
similar to those of piceatannol alone (at similar piceatannol 
concentrations), indicating that piceatannol is the principal 
active ingredient in the passion fruit seed extract based on the 

effect on keratinocytes. These data suggest that piceatannol 
changes the oxidative status in keratinocytes. Scirpusin B, a 
dimer of piceatannol, has a stronger antioxidant activity than 
the piceatannol monomer,25) although the GSH induction of 
scirpusin B was less than that of piceatannol. This result may 
be attributed to the cell permeability and distribution and sta-
bility of the components.

In addition, we examined the effect of piceatannol on ROS 
generation in keratinocytes. We found that pretreatment with 
piceatannol suppressed ROS generation in both non-irradiated 
and UVB-irradiated keratinocytes. Pretreatment with passion 
fruit seed extract also suppressed ROS generation similar to 
piceatannol (data not shown). Thus, piceatannol-induced GSH 
may contribute to decreasing the levels of ROS: piceatan-
nol acts as an antioxidant, and incorporated piceatannol 
may directly quench ROS. However, at low concentrations, 
piceatannol increased the ROS generation in the non-irradi-
ated keratinocytes, which may be an example of the common 
phenomenon in which antioxidants act as pro-oxidants under 
certain conditions.

One characteristic feature of photoageing is the breakdown 
of connective tissue caused by MMP-1. Because it has been 
reported that the UVB-triggered production of ROS induces 
MMP-1,26,30) we focused on MMP-1 induction in fibroblasts to 
evaluate the anti-ageing efficacy of piceatannol in the UVB-
irradiated keratinocytes. First, we confirmed that the medium 
from the UVB-irradiated keratinocytes stimulated the MMP-1 
activity in the fibroblasts. We then found that piceatannol 
suppressed this MMP-1 induction in the fibroblasts when the 
keratinocytes were pretreated with piceatannol prior to UVB 
irradiation. This finding may be linked to the ROS suppres-
sion by piceatannol. MMP-1 suppression by piceatannol is 
not dose-dependent, though ROS suppression by piceatannol 
is dose-dependent. This result suggests that a little suppres-
sion of ROS in keratinocytes is enough to suppress MMP-1 
in fibroblasts in this condition. Interestingly, even when the 
cells were not irradiated, the medium from the keratinocytes 
treated with piceatannol also suppressed the MMP-1 induc-
tion in the fibroblasts. The MMP-1 suppression by the non-
irradiated keratinocyte medium could be due to any number 
of molecular pathways.

Piceatannol is known to display a wide spectrum of biologi-
cal activities.31) For instance, piceatannol has been shown to 
suppress the activation of some transcription factors, includ-
ing nuclear factor kappa B (NF-κB).32) Piceatannol also in-
hibits Janus kinase 1 (JAK1) and spleen tyrosine kinase.33,34) 
Piceatannol has positive effects on cultured fibroblasts, 
including the inhibition of the JAK1/signal transducer and 
activator of transcription-1 (STAT-1) pathway, which induces 
the expression of the MMP-1 gene,35) the inhibition of me-
lanogenesis, and the promotion of collagen synthesis.24,27) 
Taken together, these results strongly suggest that piceatannol 
and passion fruit seed extracts containing high amounts of 
piceatannol may be used as novel anti-photoageing cosmetic 
ingredients. Additional in vivo studies are needed before this 
compound can be used by humans.
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