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Portulaca oleracea L. is an edible plant widely consumed in daily diet throughout Europe, Asia and
America. In this study, protective effects of P. oleracea L. extracts against oxidative stress and matrix
metalloproteinase (MMP) activity induced by ultraviolet B (UVB) radiation were investigated using
HaCaT immortal human keratinocytes. In this context, the mRNA and protein productions of MMPs
(MMP-1, -2, and -9) and type I procollagen, which are major markers of photoaging induced by UVB
radiation in HaCaT keratinocytes, were evaluated. Furthermore, UVB-induced reactive oxygen species
(ROS) generation and mRNA and protein expression levels of superoxide dismutase-1 (SOD-1), oxy-
genase-1 (OH-1), and nuclear factor-erythroid 2-related factor-2 (Nrf-2), all of which are associated
with the antioxidant balance, were investigated. As shown by the results, UVB radiation induced ROS
formation and led to increased production of MMPs and decreased collagen production in human ker-
atinocytes, which resulted in skin photoaging or photodamage. The treatment with P. oleracea L. ex-
tracts downregulated MMP (MMP-1, -2, and -9) production and upregulated type I procollagen ex-
pression in UVB-induced HaCaT cells. Furthermore, treatment with the extracts decreased UVB-in-
duced ROS generation and increased the expression of antioxidant enzymes, such as SOD-1 and OH-1,
through the Nrf-2 pathway. Taken together, these results suggest that P. oleracea L. extracts could be
a potential cosmeceutical agent for the prevention of skin photoaging or photodamage.

Key words : Antioxidant activity, human keratinocytes, matrix metalloproteinase, Portulaca oleracea L.
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Introduction The solar ultraviolet (UV) radiation can be divided into
three segments based on the wavelengths: long wave (UVA;
320-400 nm), mid-wave (UVB; 280-320 nm) and short-wave
(UVC; 200-280 nm). Especially UVB radiation can penetrate
into the epidermis of skin and induce acute and chronic pho-
todamages [18, 21].

Matrix metalloproteinases (MMPs) are an important fam-

Skin aging is classified into two types, intrinsic and ex-
trinsic aging. Intrinsic or chronological aging is caused by
the passage of time. Extrinsic aging result from ultraviolet
irradiation, which is frequently referred to as photoaging.
Photoaging is characterized by sagging, thickness, roughness

and deep coarse wrinkles, which is a result of decomposed ily of zinc-dependent endoproteinases that have the capacity

extracellular matrix (ECM). ECM proteins, including colla- to cleave the ECM proteins. MMPs are overexpressed by UV

gen, elastin proteoglycans and fibronectin, act as conferring irradiation and oxidative stress, resulting in a decrease of

strength and resiliency of the human skin [30]. collagen in human skin. Therefore, inhibition of MMP ex-

pression is important to prevent photoaging [26].
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Reactive oxygen species (ROS) are a main factor in photo-

damaged skin by UV-irradiation. The higher concentrations
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of ROS produced through UV exposure can cause an im-
balance in antioxidant defense mechanism, leading to oxida-
tive stress [18]. ROS play a important role in collagen metab-
olism and increased ROS generation leads to the enhance



of MMPs expression, resulting in a decrease of collagen in
photoaging skin [30]. Thus, ROS detoxifying enzymes and
antioxidants are important factors to prevent photogaing or
photodamage in ROS defense mechanism.

P. oleracea L. belongs to the family of Portulacacea and is
widely distributed in temperate and tropical regions [25].
P. oleracea L. is rich nutrition with contents of v-3 and w-6
fatty acids, linolenic acid, tocopherol, ascorbic acid [22] and
dietary minerals such as K, Mg, Ca, and Fe [29]. Also, it
has been used as herbal medicine because of its many health
functions, such as antioxidant [4, 15], anti-inflammatory [14]
and anti-bacterial [13] activities. Nevertheless, the effect of
P. oleracea L. extracts on photoaging or photodamage in rela-
tion to MMP expression has not been well established.
Therefore, the purpose of this study is to evaluate the capa-
bility of P. oleracea L. extracts to prevent human keratino-
cytes against UVB-induced photodamage via suppressing
the formation of ROS and the expression of MMPs.

Materials and Methods

Plant Materials

P. oleracea L. was purchased from Hyosung Food, Inc.
(Hongcheon, Korea). Whole plant of P. oleracea L. was dried
in the shade and ground to fine powder. The dried and
ground samples (100 g) were extracted for 48 hr with CHxCl,
and CH;OH at room temperature, combined and con-
centrated to dryness in a rotary evaporator, which yield

crude extracts (57.3 g).

Cell culture

A human keratinocytes cell line (HaCaT, ATCC) was
grown in Dulbecco’s modified Eagle medium (DMEM) con-
taining 10% fetal bovine serum, 100 units/ml of penicillin/
streptomycin in a humidified atmosphere with 5% CO, at
37C. For sub-culturing HaCaT cells, the medium was re-
moved, and cells were washed with phosphate-buffered sal-
ine (PBS) and detached with trypsin-EDTA. The cells were
fed fresh medium every 2-3 days.

UVB Irradiation

HaCaT cells were grown in 12-well plates for 24 hr. After
24 hr, the cells were washed with PBS and exposed to 15
mJ/cm’ UVB (315 nm UVB light source, Bio-Sun lamp,
Vilber Lourmat, Marine, France). After UVB irradiation, the
cells were incubated with or without P. oleracea L. extracts
for 24 hr.
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Cell viability

Cytotoxic levels of crude extracts from P. oleracea L. on
cultured cells were measured using a MTT (3-(4,5-dime-
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay.
The cells were grown in 96-well plates at a density of 5x10°
cells/well. After 24 hr, the cells were treated with crude ex-
tracts from P. oleracea L. at the concentrations of 10, 50 and
100 pg/ml. After incubation for 24 hr, MTT (1 mg/ml) re-
agent was added to each well and then the cells were in-
cubated for additional 4 hr. Finally, the media were removed
and the formed formazan crystals were dissolved in 100 pl
of dimethyl sulfoxide. Absorbance values were measured at
540 nm using a microplate reader (Teacan Group Ltd.,

Mannedorf, Swiss).

Quantitation of Intracellular ROS

Generation of intracellular ROS in the human keratino-
cytes was detected by the 2,7'-dichlorofluorescein diacetate
(DCFH-DA) assay. The cells were seeded at 5x10° cells in
black 96-well plates. After 24 hr, the cells were loaded with
20 uM DCFH-DA in PBS and incubated for 20 min in the
dark. The cells were treated with from P. oleracea L. extracts
(10, 50, 100 pg/ml) or retinoic acid (1 uM) as positive control
for 1 hr. After rinsing the cells with PBS, 15 mJ/ cm® UVB
was applied to produce ROS. The fluorescence of 2',7-di-
chlorofluorescein (DCF) was detected at the excitation wave-
length of 495 nm and the emission wavelength of 620 nm
every 30 min using an Infinite F200 Pro fluorescence micro-

plate reader (Teacan Group Ltd., Mannedorf, Swiss).

RNA isolation and RT-PCR (reverse-transcription
polymerase chain reaction)

Total RNA was isolated from HaCaT cells treated with
or without P. oleracea L. extracts using Trizol reagent (Invi-
trogen, CA, USA). The RNA concentration and purity were
examined by measuring the absorbance at 260 and 280 nm.
The absorbance 260/280 values ranged from 1.8 to 2.0 for
all extracted RNA indicated little protein contamination. For
the synthesis of cDNA, the reaction of reverse-transcription
was carried out using an oligo (dT) and 2 pg total RNA.
RT-PCR was performed using an automatic T100 Thermo
Cycler (Bio-rad, CA, USA). The reaction steps followed: de-
naturation for 2 min at 94T followed by 40 cycles consisting
of denaturation for 2 min at 95C, annealing for 2 min at
60C and extension for 2 min at 72C. The PCR products
were separated by electrophoresis (Mupid CO., Ltd., Tokyo,



894 BBULRIX| 2018, Vol. 28. No. 8

Japan) on 1.5% agarose gel for 10 min at 100 V. Gels vi-
sualized with UV light using Davinch-Chemi imager™
(Davinch-K, Seoul, Korea). The sequences of specific oligo-
nucleotide primers are as followings: sense 5-AGGGCATCA
TCAATTTCGAG-3 and antisense 5-TGCCTCTCTTCATCC
TTTGG-3 for SOD-1; sense 5-ACATCTATGTGGCCCTGG
AG-¥ and antisense 5-CGCTTCACATAGTGCTGCAT-3" for
HO-1; sense 5-GCGACGGAAAGAGTATGAGC-3" and anti-
sense 5'-GTTGGCAGATCCACTGGTTT-3 for Nrf-2; sense
5-GATGTGGAGTGCCTGATGTG-3" and antisense 5-TGCT
TGACCCTCAGAGACCT-3 for MMP-1; sense 5'-ATGGCA
AGTACGGCTTCTGT-3 and antisense 5-ATACTTCTTGTC
GCGGTCGT-3 for MMP-2; sense 5-CTCGAACTTTGACA
GCGACA-3" and antisense 5-GCCATTCACGTCGTCCITAT-
3" for MMP-9; sense 5-CTCGAGGTGGACACCACCCT-3
and antisense 5-CAGCTGGATGGCCACATCGG-3 for Type
I procollagen; sense 5-AGCCATGTACGTAGCCATCC-3
and antisense 5'-TCCCTCTCAGCTGTGGTGGT-3 for [-actin.

Western blot

Protein expression levels were analyzed by Western blot
analysis. Whole cells were lysed with RIPA (Sigma-Aldrich,
MO, USA) buffer. After centrifugation, total protein quantifi-
cation was estimated using the BCA protein assay kit
(Thermo scientific, MA, USA). An aliquot of supernatant
containing equal amounts of proteins was separated by 10%
SDS-PAGE and transferred onto the polyvinylidene fluoride
membrane (Amersham Pharmacia Biotech, England, UK).
The membrane was blocked with 5% skim milk for 1 hr and
incubated overnight with primary antibodies such as SOD-1,
HO-1, Nrf-2, MMP-1, MMP-2, MMP-9, Type [ procollagen
(Cell Signaling Technology Inc, MA, USA) and B-actin
(Santa Cruz Biotechnology Inc., TX, USA). After washing
with TBS plus Tween 20 (TBS-T) buffer, horseradish perox-
idase-conjugated secondary antibody was added and in-
cubated at room temperature for 1 hr. The protein band was
visualized on a Davinch-Chemi imagerTM (Davinch-K, Seoul,
Korea) and activated by chemiluminescence using ECL kit
(GE healthcare, Little Chalfont, UK).

Statistical analysis

Results were presented as mean * standard division of
triplicate experiments. Statistical differences between in-
dividual groups were analyzed by one-way analysis of var-
iance (ANOVA) using SPSS version 12.0 (SPSS Inc,, IL, USA).
The significance of differences was determined at the p<0.05

level.

Results and Discussion

Cell viability of extracts

The cytotoxic effect of P. oleracea L. extracts in HaCaT cells
was evaluated at various concentrations for 24 hr by MTT
assay. As shown in Fig. 1, P. olerace L. extracts did not show
any cytotoxicity up to 100 ng/ml (Fig. 1). Therefore, all fol-
lowed experiments were conducted within a concentration

range up to 100 pg/ml.

Effect on UVB-induced MMP expression

Exposure of skin to UV irradiation causes human skin
photoaging, which is related to increased matrix metal-
loproteinases (MMPs). There are more than 25 types of
MMPs divided into collagenases, gelatinases, stromelysins,
membrane type MMP and other non-classified MMP accord-
ing to their substrate and function [7]. MMPs are initiates
cleavage of collagen, which is the critical structural compo-
nent of the ECM and released from keratinocytes and dermal
fibroblasts by photoaging stress. Among them, MMP-1
(collagenase), MMP-2 (gelatinase A) and MMP-9 (gelatinase
B) are mainly responsible for collagen degradation in in pho-
toaging skin [19, 26]. Therefore, the effect of P. oleracea L.
extracts on MMPs expression induced by UV radiation in
HaCaT cells was investigated. A significantly increased ex-
pression of MMPs was observed in the cells radiated with
the UVB compare to the non-UVB irradiated blank cells.
RT-PCR analysis showed that presence of P. oleracea L. ex-
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Fig. 1. Effect of P. oleracea L. extracts with different concen-
trations on viability of HaCaT cells.



tracts inhibits UV-induced elevation of MMP-1, MMP-2 and
MMP-9 mRNA levels, whereas treatment of P. oleracea L. ex-
tracts promoted type I procollagen mRNA levels in UVB-
induced cells (Fig. 2A). In parallel with the mRNA ex-
pression, P. oleracea L. extracts down-regulated the induction
of MMP-1, MMP-2 and MMP-9 protein and up-regulated
type I procollagen protein in UVB-induced HaCaT cells
(Fig. 2B). In these results predicted that the higher potential
of P. oleracea L. extracts are due to presence of flavonoid
and polyphenolic compounds [4, 31], which demonstrated
by a previous study showing the key role of its hydroxyl
groups in MMPs down-regulation and type I procollagen
up-regulation [2, 23]. In performed assay, P. oleracea L. ex-
tracts confirmed to be a potentially effective extracts against
photoaging, and thus processed for investigation of intra-
cellular ROS levels and the antioxidant expression levels in
relation to its photo-protective potential.

Effect on UVB-induced ROS generation

Excessive exposure to UV light generates ROS in the skin
[24]. Uncontrolled generation of ROS leads to increased for-
mation of MMPs and decreased formation of collagen in hu-

man keratinocytes and fibroblasts. To determine the
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ROS-scavenging activity of various concentrations of P. oler-
acea L. extracts on cytosolic ROS production in UVB-induced
HaCaT cells, the level of ROS generation was detected by
the fluorescence dye DCFH-DA. As shown in Fig. 3, UVB
exposure elevated the intracellular ROS levels in HaCaT cells
compared to without UVB, whereas cells treated with P. oler-
acea L. extracts indicated significant suppression of ROS for-
mation in a concentration-dependent manner. The results
are in the correlation with MMPs levels, which is linked to
ROS formation. Therefore P. oleracea L. extracts have a pro-
tective effect on cellular damage attributed to UVB-induced
oxidative stress. These results speculated that the reduction
of ROS production in the cells treated with P. oleracea L. ex-
tracts can be due to the presence of antioxidant compounds
such as flavonoids, polyphenols and alkaloids, which scav-
enge the free radical [4, 14, 15, 31]. In support of our results,
a study proved that P. oleracea L. extracts have radical scav-
enging effects and inhibits lipid peroxidation [12].

Crude extracts of plant materials abundant in phenolic
content are of interest from the cosmeceutical industry be-
cause of their antiphotoaging and antioxidation activities by
blocking the activation of MMPs. Several studies have re-

ported that flavonoid-riched crude extracts of Agastache ru-
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Fig. 2. Effect of P. oleracea L. extracts on MMPs expression in HaCaT cells exposed to 15 mJ/cm” of UVB. Cells were exposed
to 15 mJ/cm” of UVB irradiation and treated with different concentrations of P. oleracea L. extracts for 24 hr. The expression
levels of these MMPs were detected using RT-PCR (A) and western blot (B) analysis. B-actin was used as an internal standard.
“Means with different letters are significantly different (p<0.05) by Duncan’s multiple range test. Values are means + SD

(n=3).
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Fig. 3. Effect of P. oleracea L. extracts on intracellular ROS gen-
eration induced by UVB irradiation. Cells were treated
with DCFH-DA and exposed 15 mJ/cm” of UVB irradi-
ation. ROS levels were measured by fluorescence in-
tensity of DCF-DA after extracts treatment with various
concentrations in a time-dependent manner. “Means
with different letters are significantly different (p<0.05)
by Duncan’s multiple range test. Values are means + SD
(n=3).

gose leaf [21] and Louicerae japonicae flos [28] have capabilities
to prevent human skin cells against UVB-induced photo-
aging by suppressing the formation of ROS. Additionally,
the polyphenolic compound, epicatechin-3-gallate (ECG), in
green tea protects keratinocytes against UVB-induced photo
skindamage [8].

Effect on antioxidant enzyme expression

An enzymatic antioxidant defense system is important for
the protection of the skin from UV exposed oxidative stress
[3, 9]. To elucidate the intracellular radical scavenging effect
of P. oleracea L. extracts in detail, the expression levels of
antioxidant enzymes were measured by RT-PCR and
immunoblotting. Presence of P. oleracea L. extracts remark-
ably increased not only the mRNA expression of SOD-1 and
HO-1 but also the protein production of SOD-1 and HO-1
compared to that of the UVB-induced control group of
HaCaT cells (Fig. 4A, Fig. 4B). Taken together, P. oleracea
L. extracts are able to increase the reduction of SOD-1 and
HO-1 by UVB exposure, implying that the SOD-1 and HO-1-
enhancing effect of P. oleracea L. extracts might contribute
to these reducing activities on the UVB-induced ROS for-
mation and MMPs expression.

UV exposure to the human skin results in the generation
of ROS. ROS are constantly produced in UV irradiated kera-

tinocytes and fibroblast, and are rapidly eliminated by non-

enzymatic and enzymatic antioxidant substances. Non-enzy-
matic antioxidants such as vitamin C, plant polyphenols and
flavonoids play a critical role in interrupting free radical
chain reactions. Enzymatic antioxidant enzymes play a role
in breaking down and eliminating free radical. The anti-
oxidant enzymes such as SOD, catalase and glutathione, con-
vert the superoxide anion to oxygen and hydrogen peroxide
and then to water [20]. Among these enzymes, SOD-1 is a
key endogenous enzyme that catalyzes the dismuation of
superoxide radicals into hydrogen peroxide [6]. HO-1 is a
key antioxidant defense enzyme that catalyzes the degrada-
tion of the heme to biliverdin, carbon monoxide and free
iron, which act as potentially biologically active molecules
and relate to antioxidant defenses [10, 17].

Effect on Nrf-2 expression

Transcription factor Nrf-2 has shown to play an important
role in the cellular ROS defense mechanism by inducing ex-
pression of a variety of ROS neutralizing enzymes and anti-
oxidants [27]. Therefore, the Nrf-2 level in P. oleracea L. ex-
tracts mediated cytoprotection effects against photo-oxida-
tive stress was investigated. The mRNA and protein ex-
pressions of Nrf-2 were significantly down-regulated in
UVB-induced HaCaT cells. However, presence of P. oleracea
L. extracts remarkably up-regulated Nrf-2 expression com-
pared to that of the only UVB irradiated control group (Fig.
5A, Fig. 5B). These results implicated that P. oleracea L. ex-
tracts enhanced SOD-1 and HO-1 expression by stimulating
of the nuclear translocation of Nrf-2.

Nrf-2 plays a role as a sensor for electrophilic and oxida-
tive stress [1]. In normal physiological condition, Nrf-2 is
in the cytosol before being ubiquitinated and cleavaged by
Kelch like ECH-associated protein (keap 1). In oxidative
stress condition, the electrophiles and ROS bind to residues
of keapl. As a result, N1f-2 released from keapl and trans-
located to the nucleus, where it heterodimerizes with MAF
proteins, to conjugate the antioxidant responsive element
(ARE) in the promoter region of antioxidant genes such as
SOD-1 and HO-1 [16]. Some research has shown that the
photo-protective effect of active compounds, sargachrome-
nol [5] and youngiasides [11] by activation of Ntf-2 and anti-
oxidant enzyme namely SOD-1 and HO-1.

In conclusion, the present study confirmed that protective
effect of P.oleracea L. extracts against UVB damage in kerati-
nocytes via down-regulating MMP-1, -2, -9 expression and

up-regulating type I procollagen. Furthermore, P.oleracea L.
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extracts suppressed the generation of ROS and elevated lev- the active compounds from P. oleracea L. extracts and its
els of the antioxidant enzymes such as SOD-1 and OH-1 fractions.

through the Nrf-2 pathway. Therefore, our results suggested
that P. oleracea L. extracts possess photoaging inhibiting com- Acknowledgement
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