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Abstract

Background: Morin is a family of phenolic compounds and is a bioflavonoid ingredient in fruits and vegetables. Morin
exhibits various biological activities, including antioxidant cell protection and antimutagenic and anti-inflammatory
effects; these activities safely minimize free radical-mediated damage biologically. However, the photoaging mitigation
effect of morin on skin cells remains unknown. To investigate the effect of the morin on cell senescence mitigated
against photoaging, cell viability, antioxidation, and anti-inflammation experiments were conducted. As a natural result
of oxygen consumption, reactive oxygen species (ROS) in the form of harmful superoxides and hydroxyl radicals are
generated through an oxidation reaction involving heavy metal cations such as iron. This adversely affects DNA, lipids,
and proteins; therefore, organisms have a self-protective mechanism against oxidative stress via enzymes such as
catalase (CAT) and superoxide dismutase (SOD), molecules such as glutathione, and proteins such as thioredoxin.
Therefore, in this study, the antioxidative and skin protection functions of morin were examined to investigate
the possibility of cosmetics.

Methods: To examine morin-mediated anti-photoaging mechanisms, human dermal fibroblasts (HDFs) were
selected as the model cell line and UVA was selected as the stimulus source. The water-soluble tetrazolium salt-1
assay was performed to assess cell viability and cytoxicity in UV-exposed HDFs. To examine the molecular mechanism
underlying the antioxidation capacity of morin, genes were analyzed using gRT-PCR, the expressions of several
antioxidant enzymes were monitored, and the effect of morin on GPx1, CAT, HO-1, and NRF2 expressions in
UV-exposed HDFs was assessed.

Results: The results of the morin toxicity showed the cell viability was above 100% when the concentration of
morin was set at 20 and 50 uM. The cytotoxicity test for oxidative stress through UVA showed that the appropriate
intensity of UVA 10 J/cm? was set as the cell viability reduced by 10 J/cm?. And the cell survival over 100% rate after
the morin treatment was 20 and 50 uM cell. A result of mRNA experiments verified that the expression of the
antioxidant enzyme genes GPx1, CAT, HO-1, and NRF2 increased with morin, in a concentration-dependent manner.

Conclusion: Morin increases the expression of antioxidant enzymes, which facilitates the antioxidant mechanism to
respond to oxidative stress associated with exposure to UV and heat, which are considered to be the most harmful
factors damaging the skin cells. This results in ROS removal, a byproduct of the natural metabolism of oxygen and
the protection of neurons and proteins from toxicity. In conclusion, this study verified the applicability of morin as a
cosmetic ingredient for the protection of cells against oxidization and UV.
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Background

As a natural result of oxygen consumption, reactive oxy-
gen species (ROS) in the form of harmful superoxides
and hydroxyl radicals are generated through an oxida-
tion reaction involving heavy metal cations such as iron.
This adversely affects DNA, lipids, and proteins; there-
fore, organisms have a self-protective mechanism against
oxidative stress, involving enzymes such as catalase
(CAT) and superoxide dismutase (SOD), molecules such
as glutathione, and proteins such as thioredoxin and
glutaredoxin (Cabiscol et al. 2000). ROS created during cel-
lular metabolic processes are by-products of reactions in-
volving oxidase and oxygen lyase. The oxidation state of
cells is a major factor that alters gene expression and activ-
ity. In particular, imbalanced O, generates H,O,, which is
not precisely defined as a radical but its transformation fa-
cilitates quick reaction; SOD contains transition metals
(Cu®** and Mn®") to enable rapid electron exchange. The
most abundant peroxidase is glutathione peroxidase (GSH-
Px), which is present throughout the cytoplasm and
mitochondria. This enzyme contains selenium, a transition
metal, at its active site and uses reduced glutathione (GSH)
as a substrate to move electrons to H,O, and other
peroxides to generate water.

CAT mainly uses iron ions at the active site with per-
oxisomes to decompose H,O, into water and O, (Matés
2000). Therefore, an antioxidant mechanism is activated
when insufficient removal of ROS has occurred, and it
plays an important role in cytoprotection as a natural
biological defense mechanism that protects proteins
from oxidative stress. Because molecules that are sensi-
tive to various oxidoreduction reactions participate in
numerous cellular reactions such as cell proliferation,
cell growth, cell cycle arrest, and cell death, antioxidants
and antioxidant enzymes determine the oxidoreduction
potential of cells and react with thiol groups to adjust
various biological antioxidative activities (Mates et al.
2012). Continuous exposure to UVA causes ROS and
DNA oxidization and generates a precursor of melanin
that results in pigmentation and erythema. In addition,
such exposure depletes cellular antioxidants and gener-
ates hydrogen peroxide, superoxide anion, singlet oxy-
gen, hydroxyl radicals, and nitric oxide (NO), which
cause free radical-induced inflammatory responses (Ichi-
hashi et al. 2009). ROS may induce immune reactions
against infection, but when present in excess levels, it
may induce lipid peroxidation and damage proteins and
nucleic acids (Castro and Freeman 2001). Therefore, the
existence of an antioxidative mechanism is very import-
ant for cellular homeostasis.

The antioxidative functions of cells are adjusted by anti-
oxidant enzymes and antioxidants. Antioxidants include
glutathione (GSH), thioredoxin (Trx), and melatonin. Anti-
oxidant enzymes include superoxide dismutase (SOD),
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glutathione peroxidase (GPx), glutathione reductase (GR),
catalase (CAT), and heme oxygenase (HO) (Castro and
Freeman 2001; Bhattacharya et al. 2015). Among the major
antioxidant mechanisms, Keap1-NRF2 is a major modula-
tor of cytoprotective reactions against oxidation and stress
and one of the core signaling proteins; it is a combination
of NRF2 and Keapl, transcription factors that combine
with antioxidant response element (ARE) along with small
Maf protein. Protein 1, which is a repressor protein, pro-
motes protein decomposition via the ubiquitin-proteasome
pathway. Keapl is a protein rich in cysteine, but the details
of the mechanism by which it induces NRF2 activity re-
main unknown. However, it is known that cysteine deform-
ation at the thiol of Keapl induces the degradation of
NRF2 (Kansanen et al. 2013). NRF2 removes carcinogens,
ROS, and other DNA-damaging substances as a major
modulator involved in cytoprotection. It also inhibits
tumors and cancer metastasis. The antioxidant system
of Keapl-NRF2 protects proteins and DNA against
oxidant damage by ROS by adjusting the important
transporters for cell detoxification. As a result, the
Keapl-NRF2 system is an important target for treating
cancer and neurodegenerative diseases, autoimmune
diseases, and inflammatory diseases. The prevention of
Keapl activity and NRF2 induction is effective to pro-
mote antioxidant reactions in the battle against disease
(Canning et al. 2015).

UVA penetrates indoors even on cloudy days and in-
vades down to the dermal layer of the skin. It is consid-
ered a primary cause of skin aging and induces reactions
in the immune system. The dermis comprises 80 or 90%
of the skin and consists of collagen (70%), elastin, and
extracellular matrix originating from the fibroblasts,
along with the blood vessels and neurons. The dermis
contributes to the skin thickness, and is involved in
wrinkle formation, and intervenes in the metabolism,
wound healing, and cell repair. Langerhans cells, mast
cells, and white blood cells are found in the dermis,
which also play an important role in the immune system
of the skin. Fibroblasts are directly related to aging be-
cause they have receptors for epidermal growth factor
and fibroblast growth factor, and they generate collagen,
elastin, and extracellular matrix.

This study involves the use of morin as a natural anti-
oxidant to investigate its cytoprotective effects upon a
UVA stimulus, which penetrates the dermal fibroblast
layer and triggers cell reactions. Morin is a bioflavonoid
that is abundant in fruit and vegetables. It shows various
biological activities through cytoprotective, antimutation,
and anti-inflammatory effects via antioxidative effects
(Al-Numair et al. 2014), as an antioxidant that safely and
biologically minimizes the damage due to free radicals
(Zhang et al. 2009). This study confirms the antioxidant
effects and cytoprotective effects of morin for the
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development of eco-friendly cosmetics and to provide
baseline data for cosmeceutical research.

Methods

Cell culture and material treatment

Human dermal fibroblast cells (HDFs; Lonza, Switzerland)
were incubated in Dulbecco’s modified Eagle medium
(DMEM; Hyclone, USA) with 10% fetal bovine serum
(EBS; Hyclone), 1% penicillin/streptomycin (penicillin
100 IU/mL, streptomycin 100 pg/mL; Invitrogen, USA)
under conditions of 37 °C, and 5% CO,. The morin sam-
ple was purchased from Sigma Aldrich (USA) and 98%
purified. It was dissolved in dimethyl sulfoxide (DMSO;
Sigma Aldrich) for the experiment. HDFs were incubated
at a concentration of 1 x 10° cells/well for 24 h, and the
sample was pretreated in the medium for 6 h. Afterward,
the cells were stimulated with UVA. The sample was
processed for 24 h to measure cell toxicity. The rest of the
experiment, including the cell viability measurement,
continued after 24 h of UVA irradiation via a UVA lamp
(UVP, USA). The wavelength was measured with the
Fiberoptic Spectrometer System USB2000 (Ocean Optics,
USA). For UV irradiation, the medium was removed from
the cell culture tray, which was subsequently cleaned
twice with pH 7.4 phosphate-buffered saline (PBS). A total
of 1 mL of PBS was poured into the cell culture tray to
prevent the cells from drying. The lid was opened, and
UVA irradiation was performed, after which PBS was re-
moved from the tray and new medium was added for add-
itional incubation for 24 h.

Cell viability

The water-soluble tetrazolium salt-1 (WST-1) assay was
used to test cell viability. Cells were introduced into a
96-well plate at a concentration of 3 x 10% cells/well in
100-puL amounts and incubated for 24 h. Morin was
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applied at varying concentration and additionally incu-
bated for 24 h. A total of 10 pL of the EZ-Cytox cell via-
bility assay kit reagent (ItsBio, South Korea) was added
to the tray to measure the absorbance at 490 nm with a
microplate reader (Bio-Rad, USA) after 1 h. The experi-
ment was repeated three times, from which the mean
and standard deviation were calculated.

mRNA expression

The quantitative real-time polymerase chain reaction
(qRT-PCR) was used to quantitatively analyze the gene
expression associated with morin in HDF. In the PCR
tube, 0.2 pM primers, 50 mM KCl, 20 mM Tris/HCl pH
8.4, 0.8 mM dNTP, 0.5 U Extaq DNA polymerase, 3 mM
MgCl,, and 1x SYBR green (Invitrogen) were mixed to
create the reaction solution. Linegene K (BioER, China)
was used to perform PCR. Gene expression was mea-
sured using SYBR green, which binds to the extracted
double-stranded mRNA. PCR was validated with a melt-
ing curve. The expression of each gene expression was
normalized using the B-actin expression.

Statistical analysis

The statistical analyses were repeated three times for each
independent experiment. The mean and standard deviation
were calculated for each test result, for which statistical sig-
nificance was analyzed by nonpaired Students ¢ test.

Results

Cytotoxicity of morin to HDFs

WST-1 assay was performed to determine the toxicity of
morin to cells. In the samples, the morin concentrations
were set as 5, 10, 15, 20, and 50 pM. Cell viability was
108% at 10 uM, 115% at 15 pM, 122% at 20 puM, and >
112% at 50 uM. Morin slightly decreased at 50 puM, but
the cell viability rate was > 100% (Fig. 1).
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Fig. 1 Analysis of cytotoxic effects of morin on HDFs. Cells were inoculated in 96-well plates at a concentration of 3 x 10° cells/well and incubated for
24 h. Morin was added to the wells and cultured for an additional 24 h. Ten microliters of EZ-Cytox cell viability assay kit reagent (ItsBio, South Korea)
was added to the incubated cell culture dish, and the absorbance was measured at 490 nm using a microplate reader (Bio-Rad, USA). The mean and
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Effect of morin on the viability of UVA-irradiated HDFs

HDFs were exposed to oxidative stress through UVA for
the cell toxicity test. When the cells were irradiated with
10 J/em® UVA, cell viability was reduced to 50.5%.
Consequently, the appropriate strength of UVA was set as
10 J/cm® After morin treatment, cell viability increased
from 60.2% at 10 pM, to 91.8% at 20 pM, and to 102.8% at
50 uM. As >70% was considered high for cell viability, this
study used 20 and 50 uM morin samples simultaneously

(Fig. 2).

GPx1 mRNA expression

Considering that glutathione peroxidase 1 (Gpx1) has
a role in making ROS such as hydrogen peroxide and
radicals less harmful or to convert them to water
molecules with CAT, Gpx1 expression was calculated
using qRT-PCR. In terms of the fold change of GPx1,
it was shown that GPx1 mRNA was decreased to 0.
83-fold through UVA irradiation, but increased to 1.
01-fold at 20 pM morin and 1.28-fold at 50 uM
morin (Fig. 3).

CAT mRNA expression

CAT removes toxins such as hydrogen peroxide and
radicals to protect the cells. qRT-PCR was performed to
measure CAT mRNA expression, which plays an import-
ant role in oxidoreduction reactions. In terms of the
CAT mRNA fold change, there was a decrease to 0.65-
fold under UVA irradiation at 10 J/cm?, but this was
increased by morin to 0.98-fold at 20 puM and 1.28-fold
at 50 uM, showing an effect in a concentration-
dependent manner (Fig. 4).
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HO-1 mRNA expression

qRT-PCR was used to measure HO-I mRNA expression,
which enables a rapid antioxidative mechanism through
heme catabolism. In terms of the HO-I mRNA fold
change, there was an increase to 1.60-fold through a
sensitive reaction even before the sample treatment, and
with morin, it was increased to 2.05-fold at 20 uM and
3.21-fold at 50 pM (Fig. 5).

NRF2 mRNA expression

qRT-PCR was performed to measure the nuclear factor
(erythroid-derived 2)-like 2 (NRF2) gene, which induces
antioxidant enzyme expression. In terms of the NRF2
mRNA fold change, NRF2 mRNA decreased to 0.88-fold
and increased to 1.24-fold with 20 uM morin and 1.56-
fold with 50 uM morin under UVA irradiation (Fig. 6).

Discussion

In this study, UVA-induced cell activity and toxicity of
morin were tested. As cell generation was thought to be
higher when cell viability is >70%, a high percentage >
100% may indicate an increase in physiological activity
of HDFs and a lack of toxicity of morin. Therefore, it
was verified that the concentration-dependent increase
of catalase (CAT) mRNA in morin induces the increase
of CAT expression, a strong antioxidant enzyme that
causes cell repair in response to cell damage and oxi-
dization by UVA and inhibits or stabilizes hydrogen per-
oxide generation to inhibit lipid peroxide and protect
cells. Through cytoprotective defense mechanisms, heme
oxygenase-1 (HO-1) responds to oxidant stressors such
as biliverdin, CO, and free iron by inducing enzymes.
Therefore, it has anti-inflammatory, antiapoptotic, and
antiproliferative effects (Pae et al. 2004). This is because
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Fig. 2 The effect of morin on cell viability in UVA-irradiated HDFs. HDFs were cultured at 1
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% 106 cells/well for 24 h, and then the sample was

added to the culture medium and pretreated for 6 h, followed by stimulation with UVA. In the cytotoxicity assay of morin, the cytotoxicity of the
sample after treatment for 24 h was confirmed. After the UVA stimulation, 24 h after UVA irradiation, the cell viability and other experiments were
performed. The data are expressed as means + SD (standard deviation) of the relative cell viability in each sample from triplicate experiments.
Significantly different from control (***p < 0.001, **p < 0.01, ***p < 0.001)
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Fig. 3 The effect of morin on GPx1 expression in UVA-irradiated HDFs. Quantitative real-time polymerase chain reaction (GQRT-PCR) was used to
quantitatively analyze gene expression associated with morin in HDFs. gRT-PCR is a method for quantitatively measuring the level of DNA and
the degree of activity of a specific gene. The amount of gene expression was measured using SYBR green in the double strand of extracted
mRNA, and the validity of the PCR was confirmed by a melting curve. HDFs (2 x 105) were seeded in a 60-mm culture dish and incubated for
24 h. Prior to UVA exposure, the cells were pretreated with various concentrations of morin. Then, the cells were washed with PBS and irradiated
by 10 J/cm2 UVA. After further incubation for 24 h, the expression level of GPx1 mRNA was measured by qRT-PCR. The data are expressed as
mean + SD of the relative cell viability in each sample from triplicate experiments (*p < 0.01, **p < 0.01, ***p < 0.001)
J

the HO-1 promoter induces HO-1 through immediate confirmed that HO-1 acted as a natural defense mech-
early gene activation in the activator protein 1 (AP-1 site  anism against oxidative stress by UVA. Along with HO-
and degrades the pro-oxidant heme into antioxidant mol- 1, NRF2 is a powerful protein induced by Keapl to acti-
ecules to improve oxidative mechanisms) (Nimura et al.  vate antioxidative mechanism through its assistance in
1996; Wu et al. 1993). Therefore, the concentration- antioxidant gene expression, and it usually stays dor-
dependent increase of HO-1 mRNA in response to morin  mant in cells (Ishii et al. 2000). NRF2 is a transcription
causes an increase in the expression of HO-1, which is  factor induced by ARE to play an essential role in gene
a powerful antioxidant enzyme. As a result, polymers expression for detoxification and oxidative stress.
can be quickly converted to small molecules and ATP  Therefore, the concentration-dependent increase of
(adenosine triphosphate energy) through heme catabol- ~NRF2 mRNA verifies that morin increases the expres-
ism in order to protect the cells from damage and oxi- sion of NRF2, a powerful antioxidant enzyme, to pro-
dation due to ultraviolet rays. As HO-I increased tect cells through its assistance in antioxidant enzyme
compared with that before the sample treatment, it was  gene expression against cell damage and oxidization.
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Fig. 4 The effect of morin on CAT mRNA expression in UVA-irradiated HDFs. HDFs (2 x 105) were seeded in a 60-mm culture dish and incubated
for 2-4 h. Prior to UVA treatment, cells were pretreated with various concentrations of morin. Then, cells were washed with PBS and irradiated by
10 J/cm2 UVA. After further incubation for 24 h, the expression level of CAT mRNA was measured by gRT-PCR. The data are expressed as mean +
SD of the relative cell viability in each sample from triplicate experiments. Significantly different from control (***p < 0.001, ***p < 0.001)
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Fig. 5 The effect of morin on the expression of HO-1 mRNA in UVA-irradiated HDFs. HDFs (2 x 105) were seeded in a 60-mm culture dish and
incubated for 24 h. Prior to UVA treatment, cells were pretreated with various concentrations of morin. Then, cells were washed with PBS and
irradiated with-10 J/cm?2 UVA. After further incubation for 24 h, the expression level of HO-1 mRNA was measured by qRT-PCR. The data are
expressed as mean = SD of the relative cell viability in each sample from triplicate experiments. Significantly different from control (*p < 0.01,
*p < 0.5, **p <0.001)
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Conclusions GPx1 expression increased as a catalyst that converts
This study confirmed the applicability of the flavonoid hydrogen peroxide and free radicals from ROS into less
morin as an eco-friendly antioxidative cosmetic ingredi-  harmful molecules, or water through oxidoreduction re-
ent for skin cytoprotective and antioxidant effects actions, along with CAT. Therefore, this study confirmed
against UVA-induced free radicals. This experiment fo- that GPx1 and CAT protect proteins and eliminate oxi-
cused on HDFs, which penetrate down into the dermal dants through a primary cytoprotective effect against
layer and enable cytoprotection. UVA was selected as a  acute oxidative stress. HO-1 increased under UVA ir-
stimulant to test the antioxidant effect and antioxidant radiation, presumably through sudden induction of anti-
enzyme gene expression of morin. In conclusion, the ex-  oxidant mechanisms by converting polymers to small
periment on the UVA-induced antioxidant effect of molecules and ATP through heme catabolism. In
morin through GPxI, CAT, HO-1, and NRF2 gene ex- addition, HO-1, which promotes the expression of anti-
pression under stimulation with 1 J/cm®* UVA showed oxidant enzymes through immediate early gene activa-
that the expression of GPx1, CAT, HO-1, and NRF2 was tion in response to ultraviolet light, is induced by NRF2,
increased in a morin concentration-dependent manner. a powerful protein that enables antioxidant mechanisms.
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Fig. 6 The effect of morin on the expression of NRF-2 mRNA in UVA-irradiated HDFs. HDFs (2 x 105) were seeded in a 60-mm culture dish and
incubated for 24 h. Prior to UVA treatment, cells were pretreated with various concentrations of Morin. Then, cells were washed with PBS and
irradiated by 10 J/cm2 UVA. After further incubation for 24 h, the expression level of NRF2 mRNA was measured by qRT-PCR. The data are expressed as
mean + SD of the relative cell viability in each sample from triplicate experiments. Significantly different from control (*p < 0.5, *p < 001, **p < 0.001)
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NRF2 is decomposed by oxidative stress from its form in
the combined antioxidant network of NRF2-KEAP1 to ad-
just the expression of various antioxidant factors. Conse-
quently, morin increased HO-1 and NRF2 gene expression
in a concentration-dependent manner, to enable an oxi-
doreduction mechanism through photoaging. In sum-
mary, morin has been proven to have an antioxidative
effect to maintain cellular homeostasis and protect cells
through blocking or delaying cell transformation. To con-
clude, this study verified the applicability of morin as a
cosmetic ingredient that protects cells by increasing cyto-
protective gene expression, in a concentration-dependent
manner. These genes respond to oxidative stress from
UVA exposure to remove ROS, a natural by-product of
oxygen metabolism, and protect neurons from toxicity.
These findings suggest a major role of morin in cell sig-
naling and homeostasis as an applicable cosmetics
ingredient.
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AP-1: Activator protein 1; ARE: Antioxidant response element; ATP: Adenosine
triphosphate; DNA: Deoxyribonucleic acid; KEAP1: Kelch-like ECH-associated
protein 1; Maf: Musculoaponeurotic fibrosarcoma; mRNA: Messenger RNA or
messenger ribonucleic acid; NRF2: Nuclear factor (erythroid-derived 2)-like 2;
ROS: Reactive oxygen species; UV: Ultraviolet ray; UVA: Ultraviolet absorption
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