antioxidants

Article

Microwave-Assisted Dendropanax morbifera Extract for
Cosmetic Applications

Hien Thi Hoang !, Jae-Seok Park 2, Seong-Hyeon Kim !, Ju-Young Moon %* and Young-Chul Lee 14*

check for
updates

Citation: Hoang, H.T.; Park, J.-S.;
Kim, S.-H.; Moon, J.-Y.; Lee, Y.-C.
Microwave-Assisted Dendropanax
morbifera Extract for Cosmetic
Applications. Antioxidants 2022, 11,
998. https://doi.org/10.3390/
antiox11050998

Academic Editors: Acacio Antonio
F. Zielinski and Aline Alberti

Received: 25 April 2022
Accepted: 17 May 2022
Published: 19 May 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://

creativecommons.org/licenses /by /
4.0/).

Department of BioNano Technology, Gachon University, Seongnam-Daero 1342, Sujeong-gu,

Seongnam-si 13120, Korea; hienhoangh2t96@gmail.com (H.T.H.); shaera@gachon.ac.kr (S.-H.K.)

Nature Fairy Co., Ltd., 3F, 28-27, Dongseo-ro 857 beon-gil, Siheung-si 14983, Korea; ournaturefairy@naver.com
Department of Beauty Design Management, Hansung University, 116 Samseongyoro-16gil, Seoul 02876, Korea
Well Scientific Laboratory Ltd., 305, 3F, Mega-center, SKnTechnopark, 124, Sagimakgol-ro, Jungwon-gu,
Seongnam-si 13207, Korea

*  Correspondence: bora7033@naver.com (J.-Y.M.); dreamdbs@gachon.ac.kr (Y.-C.L.)

Abstract: Recently, utilizing natural bioactive compounds for active ingredients in cosmetics has
become a growing worldwide trend. More and more studies aim to identify the sources of herbal
ingredients for applications in the pharmaceutical and cosmetic fields. Additionally, in order to opti-
mize the safety of natural ingredients, choosing an environmentally friendly extraction method also
plays an important role. In this work, an eco-friendly extraction technique for Dendropanax morbifera
using microwave treatment and microwave-assisted Dendropanax morbifera extract (MA-DME) was
investigated. The results indicate that higher yields of MA-DME were obtained than with conven-
tional methods and that D. morbifera’s antioxidant properties were enhanced. Moreover, we found
that MA-DME exhibited extraordinary antioxidant, anti-aging, and skin-whitening activities. We
suggest MA-DME as a potential cosmeceutical ingredient than could be utilized for comprehensive
protection of human skin.

Keywords: Dendropanax morbifera; microwave-assisted extraction; cosmetic applications; cosmeceuti-
cal ingredient; cytotoxicity

1. Introduction

Not long ago, a global trend toward the use of natural bioactive substances as cosmetic
agents took shape, due to their effective and biologically active substances and growing
interest in skin care [1]. Currently, the global introduction of plant extracts is focused on
applications with high added value, given that plant extracts contain bioactive ingredients
including vitamins or minerals. Most of the components are of great interest to the prepara-
tion of natural products in cosmetics [2]. The bioactive components from plant extracts can
be used as cosmeceutical formulations and achieve benefits including the maintenance of
skin structure or function. In order to optimize the safety of natural ingredients, choosing
an environmentally friendly extraction method also plays an important role. Microwave-
assisted extraction (MAE) has been indicated as a promising technique for the extraction
of medicinal plants for research as well as a green approach [3]. MAE provides effective
extraction performance with less or no solvent consumption, as well as and protection with
rapid and high extraction yields for thermolabile constituents. MAE showed advantages
that are more effective and cheaper than conventional extraction methods such as Soxhlet,
percolation, extraction under reflux, and sonication [4]. In addition, MAE allowed higher
recoveries without altering the antioxidant potential of the extracts [5]. Hence, MAE is one
of the most suitable solutions for green and natural products.

Dendropanax morbifera (D. morbifera), a native plant of South Korea, is known as a
medicinal herb used for the comprehensive treatment of human illnesses [6] such as
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hyperglycemia, hair loss, and skin disorders [7-9]. It is reported that many bioactive com-
pounds were are included in Dendropanax plant species [10]. Many scientific reports have
previously highlighted that the main bioactive compounds of D. morbifera are quercetin,
chlorogenic acid, rutin, carnosol, dextromethorphan, cannabidiol, bremazocine, doxapram,
etc. [11,12]. Furthermore, previous studies reported that D. morbifera exhibits antioxi-
dant [13,14], anti-inflammatory [15,16], neuroprotective [6,17], osteosarcoma [18], anti-
diabetic [19,20], hepatoprotective [21,22], immunomodulatory [16,23], antibacterial and
antifungal [24], antiplasmodial [25], cytotoxic [26], and larvicidal [27] functions. Recently,
interest in D. morbifera as a functional material in cosmetics has increased thanks to its
well-rounded health benefits for humans. There are several reports that D. morbifera and
its components shows anti-wrinkle, hair growth, and moisturizing effects [7,28]. Espe-
cially, B-sitosterol, isolated from D. moribifera, provides skin whitening and moisturizing
effects, prevention of hair loss, and hair density improvement [28]. Moreover, D. morb-
ifera leaf extract considerably reduces melanin content, suggesting it as a candidate for a
skin-whitening agent [29].

In the present study, we focused on extracting the bioactive compounds in D. morb-
ifera by the microwave-assisted method. To further investigate the efficacy of MAE, the
active ingredients in microwave-assisted D. morbifera extract (MA-DME) were identified
by ultra-high performance liquid chromatography with mass spectrometry (UHPLC-MS).
In addition, we evaluated the antioxidant, anti-wrinkle, whitening and moisturizing ef-
fects to investigate the potential of D. morbifera extract as a promising ingredient for
cosmetic formulations.

2. Materials and Methods
2.1. Materials

D. morbifera was grown and harvested in Wando, Korea. Methanol and acetonitrile
were purchased from Honeywell Burdic & Jackson (Morristown, NJ, USA). Formic acid,
sodium carbonate (Na;COs3), and aluminum chloride hexahydrate (AlCl3-6H,O) were pur-
chased from Daejung Chemicals & Metals Co., Ltd. (Siheung-si, Korea). EZ-cytox solution
was purchased from DoGenBio (Guro-gu, Korea). Tris-HCI buffer, PBS, and Tris solution
buffer were purchased from Thermo Fisher Scientific (Waltham, MA, USA). Folin—Denis
reagent, kojic acid, elastase, mushroom tyrosinase, 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS), Cell Proliferation Kit I (MTT), DMSO, L-ascorbic acid, gallic acid,
and quercetin were purchased from Sigma Aldrich (St. Louis, MO, USA)

2.2. Microwave-Assisted Dendropanax morbifera Extract (MA-DME)

For the preparation of raw D. morbifera, dry leaves and wood of D. morbifera were
thoroughly soaked in water, then sliced into small pieces. Next, 20 g of the sliced raw
materials were ground into a homogenous mixture using a blender. D. morbifera powder
was obtained by utilizing a freeze-dryer and diluting in various concentrations with DI
water. DI water was obtained utilizing Milli-Q Millipore filter system (Millipore Co.,
Billerica, MA, USA) with conductivity of <18.2 MQ-cm?.

A microwave oven (Magic MMO-20M7, SK magic, Jongno-gu, Korea) was utilized in
this work. The extraction of MA-DME was carried out referring to the method of Alvand
et al. (Figure 1) [30,31]. Raw D. morbifera was irradiated for 10 min under microwave
(800 W). The irradiated D. morbifera was cooled in ambient temperature and ground into
powder. Once the sample was cooled, 20 mL of DI water was added and filtered through
0.22 pm filter. The MA-DME was freeze-dried to obtain extract powder.

The extraction yield Y (%) of MA-DME was expressed in the following equation:

o) = M
Y (%) = A x 100
where W is the weight (g) of pure MA-DME powder, while W, is the weight (g) of the
initial D. morbifera powder. Calculated extraction yield was about 33.5%.
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To compare the extraction efficiency of MAE with conventional extraction, we prepared
Black extract 5% and Transparent extract 5% as control samples. Therein, Black extract
5% was a non-carbonized black extract of D. morbifera. After obtaining the pulverized D.
morbifera particles as in MA-DME, the Black extract was obtained by bathing in water at
100 °C. Additionally, Transparent extract 5% was a non-carbonized transparent extract
of D. morbifera. After obtaining the pulverized D. morbifera particles as in MA-DME, it
was subjected to distillation extraction using DI water at 100 °C to obtain a liquid extract
through a cooling machine.

—
.
30mL DI water
_— e >
Grinding Microware treatment

(800W), 10 min

D. Mobifera wood and leaves

20.0g

20mL DI water
(800W), 10 min

Freeze-drying process

<

Centrifugation

Filtered through 0.22 pm
centrifuge tube filter

Microwave-Assisted D. Morbiferus Extract Pure extract solution Deposition time: 3 hours
(MA-DME) 30 mg/mL

Figure 1. The extraction process for MA-DME.
2.3. Ingredient Analysis of MA-DME

The active compounds of D. morbifera were characterized by an ultra-high performance
liquid chromatography system loaded with a mass spectrometer (UHPLC-MS) equipped
with an electrospray ionization source (ESI). The HPLC separation was conducted on an
ACQUITY UPLC HSS T3 column (1.8 pm) with the following parameters: runtime: 25 min;
solvent A: formic acid; solvent B: acetonitrile; flow rate: 0.5 mL/min; gradient program:
0 min: 97% A, 0-1 min, 97% A, 1-15 min: 100% B, 15-16 min: 100% B, 16-19 min: 97% A,
19-25 min: 97% A; wavelength: 265 nm; column temperature: 35 °C; sample temperature:
12 °C; injection volume: 5 pL. The mass spectrometer was operated with the following
parameters: capillary voltage: 3.0 kV (positive) and 2.8 kV (negative); resolution: 20,000;
mass range scanned: 50-1200 m/z; nebulizer pressure: 6.4 Bar; drying gas temperature:
500 °C; drying gas flow rate: 800 L/h.

2.4. Antioxidant Content Analysis of MA-DME

Folin—Denis reagent was utilized for measurement of total polyphenol content [32]. A
100 uL amount of MA-DME and 900 pL of DI water were mixed into a conical tube. Then,
100 puL of Folin—Denis reagent were added and incubated at room temperature for 3 min.
A 200 pL amount of 10% Nap;CO3 was added after reaction, and the solution was topped
up to 2 mL with DI water. The solution was allowed to react for 1 h in the darkroom, and
absorbance of the solution was measured at 760 nm using a UV-Vis spectrophotometer
(Varian Cary 50 UV-vis spectrophotometer, Agilent Technologies Inc., Santa Clara, CA,
USA). The standard calibration curve of gallic acid (GA) was used for calculating total
polyphenol content.
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Total flavonoid content was also evaluated using modified methods of Woisky and
Salatino [33]. In this study, methanolic solutions of quercetin with various concentra-
tions (5-50 ng/mL) were used as references. A 0.6 mL amount of reference solution and
50 mg/mL of MA-DME extract were mixed with 0.6 mL of 2% AICl3. Mixed solutions were
incubated at room temperature for 1 h. After incubation, measurement of absorbance was
carried out with a UV-Vis spectrophotometer at 420 nm. Determination of total flavonoid
content was conducted with quercetin standard curve.

2.5. Cell Viability Assay

The effects of MA-DME, Black extract, and Transparent extract on cell viability were
evaluated with an MTT assay in 96-well plates. HaCaT cells were seeded at a density
of 1-10° cells and incubated in 37 °C, 5% CO, conditions for 24 h. After that, various
concentration of MA-DME (0 to 300 p1g/mL) were treated and incubated for 24 h or 48 h.
Then, 10 puL of EZ—cytox solution was added to each well, and the well plate was incubated
for 4 h. Finally, measurement of absorbance at 450 nm wavelength was carried out utilizing
a plate reader (Multi-label plate reader, PerkinElmer, Boston, MA, USA).

2.6. Evaluation of Intracellular Reactive Oxygen Species (ROS)

Dichloro-dihydro-fluorescein diacetate (DCFH-DA) assay was performed to measure
the generation of intracellular reactive oxygen species. HaCaT (2.5-10° cells/mL) seeded
black 96-well plates (Thermo Fisher Scientific, Waltham, MA, USA) were treated with test
compounds at a concentration of 0-300 pg/mL and incubated for 24 and 48 h. Then, 10 uM
DCFH-DA, which were diluted in DMSO, were allowed to stain for 1 h in a darkroom and
washed twice with PBS buffer. In the literature, DCFH-DA penetrates into the internal cells
and is then hydrolyzed into DCFH by esters; it was recorded by fluorescence measurement
at 485/530 nm immediately. Dipyridamole was used as a control with the relative ROS
level of 100%. Generation of ROS was expressed with the following formula:

ROS Generation(%) = F£ x 100
0

where F is the fluorescence intensity of cells pretreated with MA-DME; Fj is the fluorescence
intensity of dipyridamole.

2.7. ABTS Radical Preparation Protocol

The antioxidant capacities were measured by ABTS assay using a recent method with
a slight modification [34]. The Black extract and MA-DME were suspended in dimethyl
sulfoxide (DMSO), and the DMSO alone was used as a negative control. L-Ascorbic acid
(Vitamin C) and quercetin were used as antioxidant standards and diluted with DMSO at
10 mg/mL. After 50 uL/well of test compounds were added in the 96-well plate, 150 uL
of the ABTS radical was added into each well. Then, absorbance was read at 734 nm at
room temperature for 5, 15, and 30 min of incubation time, and initial absorbance was 0.7
(CLARIOstar Microplate Reader, BMG Labtech Inc., Cary, NC, USA). Radical scavenging
activity of test compounds was expressed as inhibition of absorbance (I;, %) using the
following formula:

uExtract absorbance

Io(%) = 100 — [VDMSO absorbance

% 100]

where pExtract absorbance is the absorbance of test compounds, ptDMSO is the absorbance
of the DMSO.

2.8. Tyrosinase Inhibitory Activity Assay

The tyrosinase inhibitory activity was measured with reference to a previously re-
ported method [35]. L-DOPA was used as substrate in this assay. A 40 uL amount of 10 mM
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L-DOPA was mixed with 80 uL of phosphate buffer (0.1 M, pH 6.8) in a 96-well plate and
incubated for 10 min at 37 °C. A 40 pL amount of MA-DME or Black or Transparent extract
(50, 100, 200, 400, 800, and 1000 pg/mL) and 40 pL of mushroom tyrosinase (250 U/mL,
in PBS) were then added to each well. Absorbance of the mixtures was read at 475 nm
utilizing a microplate reader (Multi-label plate reader, PerkinElmer, Boston, MA, USA) at
1 min intervals over a period of 120 min. PBS was used as a blank control and Kojic acid
(50 ng/mL) and L-ascorbic acid (50 pg/mL) were used as positive controls. The inhibition
for each enzyme assay was expressed as follows:

control OD — Sample OD]
Control OD

Inhibition(%) = | x 100
where Control OD indicates the difference in absorbance of control between incuba-
tion times, and Sample OD indicates the difference in absorbance of sample between
incubation times.

Each experiment was performed in triplicate (1 = 3), and the ICs value was calculated
from the dose-response curves by nonlinear regression analysis using GraphPad Prism
software version 5.0 (GraphPad software Inc., San Diego, CA, USA).

2.9. Elastase Inhibitory Effect Assay

Assessment of elastase inhibition was conducted by the intensity of the solution color
assay referring to the method of Tu and Tawata [36]. N-Succinyl-Ala-Ala-Ala-p-nitroanilide
(AAAVN) elastase substrate was diluted with 0.1232 M Tris-HCI buffer solution (pH 8) to
make a 1.0 mM concentration. Then, the elastase substrate was mixed with the 10 uL of
sample in the 96-well plates and pre-incubated at 25 °C for 10 min. After pre-incubation, the
reaction was initiated by adding 10 uL of elastase from porcine pancreas (7.5 units/mL) in
Tris solution buffer to the pre-incubated mixtures. Finally, a microplate reader (Multi-label
plate reader, PerkinElmer, Boston, MA, USA) was utilized to measure the absorbance at
410 nm.

2.10. Blue Light Penetration Experiment with MA-DME

MA-DME was prepared by dilution at concentrations of 3.75, 7.5, 15, and 30 mg/mL.
The 400450 nm wavelength band of blue light was tested for blocking or transmission
with DI water, as control sample, by using a black night UV lamp (ROBUST UV 12LED,
Campnic, Uijeongbu-si, Korea).

3. Results and Discussion
3.1. Characterization of MA-DME

The UHPLC-MS chromatogram identified 33 major compounds in D. morbifera extract
(Figure 2, Table 1). As listed in Table 1, we found that D. morbifera extract contains many phe-
nolic and flavonoid compounds known as natural antioxidants, such as 1-O-Caffeoylquinic
acid, 4-O-Caffeoylquinic acid, and Corchoionoside, 3,7,8,3' 4’-Pentahydroxyflavone, whereas
apocynoside I inhibits CYP2C9, which causes aging and lowers disease resistance, and
Viscumneoside III inhibits tyrosinase, which impedes skin whitening [37].

Quercetin is known to inhibit MMP-1, which encourages the imbalance or collapse of
collagen molecules in UV-irradiated skin [38].
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Table 1. Identified compounds in MA-DME.

No Compound Formula Ion Mode  Retention Time Extract Mass (m/z) Suggested Role
1 Quinic acid CyH1204 - 0.59 191.0558 Astringent, anti-viral
2 1-O-Caffeoylquinic acid C16H1509 - 2.95 353.0874 Phenolic acid, antioxidant, antibacterial,
3 4-O-Caffeoylquinic acid Ci6H1809 - 3.52 353.0871 anticancer, antihistamine, anti-viral
3-[(4-O-Acetyl-6-deoxy-alpha-L-mannopyranosyl)-oxyl]-
2-(3,4-dihydroxyphenyl)-5-hydroxy-6-methoxy-4-oxo- .
4 4H-chromen-7-yl 2-O-acetyl-6-deoxy-alpha Ca2H36O1 - 3.43 707.1825 Flavonoids
L-mannopyranoside
5 Benzyl alcohol xylopyranosyl(1->6)glucopyranoside C18H6010 - 3.71 401.1437 Tea aroma glycosidic precursor bioactivation
- 3.79 593.1497 i-i ioxi i i
6 Apigenin-6-C-glucosylglucoside (Isovitexin) Co7H30015 A1.1t1 mﬂa.mm?tor.y, ant10x14agt, an.t 1bact.er1.al,
+ 3.79 595.2663 anti-Alzheimer’s disease, anti-diabetic, anti-viral
. Inhibition of CYP2C9—causing aging and
7 Apocynoside I C19H3¢Og 3.86 431.1901 lowered disease resistance
8 Corchoionoside C C19H300s - 3.86 431.1909 Flavonoids
9 1,3-Dihydroxy-2-hydromethylanthraquinone-3-B-3-D- CrFHorO - 4 563.1395 N/A
xylopyranose(1->6)-p3-D-glucopyranoside 16372814 + 3.99 565.2557
10 Apiin C1HosO1s - 4.09 563.1402 Anxiolytic, anti-inﬂafmma‘;ory, anti-cancer,
+ 4.09 565.1562 anti-funga
11 Isochaftoside C16Hp5014 - 423 563.1399 Flavones
- 4.24 447.0924 . , o
12 7-O-B-D-gluocopyranosylkaempferol Cy1H29O11 Anti-inflammatory, anti-cancer, anti-diabetes
+ 4.13 449.1083 Inhibit vascular endothelial inflammation
. . - 4.46 609.1453 Protect the cranial nerve and heart function
13 Kaempferol-3,7-di-O-B-D-glucopyranoside C27H30016 Treat fibroproliferative disorders, anti-viral
+ 4.46 611.1618
14 Nelumboroside A Co7H39016 - 4.57 609.1450 Antioxidant
15 3,8-Di-C-glucosylapigenin Co7H39015 - 4.79 593.1499 N/A
16 Genistein-7,4'-di-O-B-D-glucoside CarH30015 _ 4.79 593.1499 Prevents hypertension, anti-cancer, maintaining bone

mineral density, anti-Alzheimer’s disease, anti-viral
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Table 1. Cont.

No Compound Formula Ion Mode  Retention Time Extract Mass (m/z) Suggested Role
17 Terestigmine CoyHasN3O5 B 9.08 3742436 Cholinesterase 1nh1b1tor (treatment of cognition
disorders)
18 N—(3—Meth0xy—5—mtrophenyl)—2—(5—m§thyl—3,4—d1mtro—1H— C13H1oNgOs + 0.56 381.0795 N/A
pyrazol-1-yl)acetamide
19 Guanine CsHsN50 + 1.45 152.0566 Nucleobases
20 Daidzein-4',7-diglucoside Cy7H30014 + 4.42 579.1728 Phytoestrogen
21 Viscidulin T C15H1007 + 446 303.0502 Inhibitor of hepatocellular carcinoma cells
(protein Glypican-3)

22 Viscumneoside III Cy5Hp6013 + 447 535.1454 Tyrosinase inhibition (skin whitening)

. . - 4.51 431.0971 o . o
23 Aloe emodin 8-glucoside Cy1H»9019 Anti-diabetic, DNA targeting molecule, anti-viral

+ 4.51 433.1132
Strong antioxidant flavonoids, xanthine
! al. . . el sge . . .
o 3,783 4 Pentahyc.lroxyﬂavone CysH10O5 + 463 303.0499 oxidase }r}hlbltlon, antihyperuricemic,
(Quercetin) anti-inflammatory, enhances
immune-regulation
R . Chelating agent (detection of copper), building
25 Rubianic acid (dithiooxamide) CosHp6013 + 4.65 535.1451 block in the synthesis of cyclen
. . Anxiolytic, antiestrogen, anti-inflammatory,
26 3-Hydroxy baicalein C15H7190¢ + 4.79 287.0548 anti-cancer, antibacterial, anti-viral
27 7-Hydroxy-1-methoxy-2-methoxyxanthone C15H1906 + 4.79 287.0548 N/A
28 6,6’-Iminobis(2,2-dimethyl-1-hexanol) C16H35NO, + 7.7 274.2738 N/A
N~2~-[(25,45,55)-5-Amino-6-cyclohexyl-4-hydroxy-2-
29 isopropylhexanoyl]-N-[2-pyridinylmethyl)-L- CoyHygeN4O3 + 9.08 475.3646 N/A
isoleucinamide
30  4-N-([1,2,4]triazolo[4,3-a]pyridin-3-ylmethyl)butanamide C19Hy7NoO + 9.08 398.2415 N/A
31 1-Methyl-2-[(Z)-8-tetradecenyl]-4(1H)-quinolone Cyo4H35NO + 9.08 276.2596 N/A
O-Benzyl-N-[9-(1H-imidazol-1-yl)nonanoyl]-L-seryl-

32 N~6~-[(benzyloxy)carbonyl]-N-(2-cyclohexylethyl)-L- Cy4HgaNgOg + 9.08 773.4956 N/A

lysinamide)

Bold: Main phenolic and flavonoid compounds. Italic and Bold: Potential cosmetic compounds.
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Figure 2. High-resolution extracted ion chromatograms for MA-DME: (a) positive ion mode; (b) neg-
ative ion mode.

3.2. Total Contents of Phenols and Flavonoids

Total amounts of phenols were evaluated by modified Folin—Ciocalteu method and
expressed as gallic acid equivalents per pug dry weight of plant extract (GAE pg~! DW). A
calibration curve for quantification of phenolic compounds in samples was prepared using
gallic acid at a concentration of 50 to 500 pg/mL. The calibration curve was formed as a
graph of y = 0.02992 + 0.00112x (R? = 0.9969) (Figure S1). The absorbance measurement
results are shown in Figure 52 and Table S1. From the above results, it was found that the
phenolic compounds were contained in an amount of 313.03 GAE pg~! DW in MA-DME,
252.25 GAE pg~! DW in Black extract 5%, and 30.57 GAE pg~! DW in Transparent extract
5% (Table 2).

Table 2. Total phenolic content and flavonoid content in MA-DME.

Sample (Total Phen(ills Total Flavorﬁids
mg GAEg—1) (mg QEg—1)
MA-DME 313.03 £ 3.9 3237 £ 0.9
Black extract 5% 252.25 + 6.9 21.04 £1.1
Transparent extract 5% 30.59 +4.2 0

In addition, the concentrations of total flavonoids in D. morbifera were determined by
the modified Woisky and Salatino method and expressed in quercetin equivalents per ug
dry weight of plant extract (QE pg~! DW). The calibration curve was formed as a graph
of y = 0.005 + 0.0298x (R? = 0.9841) (Figure S3). The absorbance measurement results are
shown in Figure S4 and Table S2. From the above results, it was found that flavonoids were
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contained in an amount of 32.37 QE pg~! DW in MA-DME, 21.04 QE pg~! DW in Black
extract 5%, and 0 QE pg’l DW in Transparent extract 5% (Table 2).

In general, the extract of MA-DME was found to have very high contents of both
phenolics and flavonoids, compared to the contents in Black and Transparent extracts. It
could be explained that microwave treatment heats the material toward its volume while
the conventional heating process heats from the outside of the material and requires contact
with a hot outer surface. Thus, internal change within a short time leads to pressure increase
inside the plant cells, which further breaks the cell walls and releases the desired molecules.

3.3. Cell Viability Assay

MA-DME did not reduce HaCaT cell viability in concentrations of up to 100 pug/mL,
both after 24 h and 48 h, but slightly decreased viability at 200 pg/mL after 48 h (Figure 3).
These results determined the survival of human keratinocyte HaCaT cells with treatment of
MA-DME in various concentrations (10 to 300 ng/mL). Transparent extract was non-toxic
to HaCaT cells at low concentrations (<200 ug/mL) and caused negligible toxicity at higher
concentrations (300 pug/mL).

a) HaCaT, 24h
110 4

—=—MA-DME
—8— Tranaparent axiract
=—d— Black extract

Cell viability (%)

0 50 100 150 200 250 300
Concentration (pg/mL)

b) HaCaT, 48h

—— MA:DME
110 - —&— Transparent extract
—d— Black extract

Cell viability (%)

60

T T T

0 E:D 160 1&0 200 250 300
Concentration (ug/mL)

Figure 3. The effect of MA-DME on the viability of HaCaT cells compared with Black extract and

Transparent extract for (a) 24 h, (b) 48 h. The viability of MA-DME (10 to 300 pg/mL) was measured
via MTT assay, n = 3.
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3.4. MA-DME Effect on Reactive Oxygen Species (ROS)

The ROS measurements demonstrated that the Transparent extract does not produce
ROS radicals in either short or long-term treatment, which may explain that this extract
contained a large amount of anti-oxidant compounds. Although the Black extract showed
slightly higher toxicity than the Transparent extract and MA-DME, it could be considered
to be less toxic to HaCaT cells because more than 60% of the cells could survive at its
high concentration (300 g/mL) (Figure 4). Furthermore, this extract also produced a small
amount of ROS radicals, resulting in increases in relative DCF-fluorescence to control.
In summary, MA-DME, rather than the Black extract and Transparent extract, could be
possibly applied to cosmetics.

a) 24h
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110 - —&— Transparent extract
| —d—Black extract
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== Black axiract
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-

=

(=]
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=
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=
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Figure 4. The effect of MA-DME on ROS compared with Black extract and Transparent extract for
(a)24h,(b)48h,n=3.

3.5. ABTS Free Radical Scavenging Activity

The radical scavenging activities of MA-DME and Transparent extracts were de-
termined by their ABTS radical scavenging efficiency compared to L-ascorbic acid and
quercetin (Figure 5). Radical scavenging activities of the MA-DME and Transparent extracts
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showed concentration-dependent relationships. MA-DME exhibited slightly lower ABTS
radical scavenging activities than L-ascorbic acid and quercetin did. On the other hand,
the radical scavenging activities of the Transparent extracts were very low, compared with
MA-DME, and Transparent extracts only showed a slight concentration-dependent increase
in activity.

100

——Qquercetin
—&—ma-DME
+ L-ascorbic acid

~——Transparent extract

80

% Inhibition of Abosrbance

T T v I . I
125 62.50 31.25 15.63 7.81 3.91 0.98 0.49

Concentration (ng/ml)

Figure 5. ABTS radical scavenging activity of MA-DME and Transparent extract.

Extracellular matrix (ECM), the outermost skin part, consists of fibroblasts and protein
including collagen and elastin [39]. Collagen and elastin are essential for maintaining
skin richness and elasticity to keep it youthful and healthy [40,41]. Deposited ROS due
to exposure to photo-aging factors can indirectly activate dermal enzymes such as colla-
genase and elastase, which basically break down and degrade collagen as well as elastin,
respectively [42]. Additionally, external oxidative attacking factors influence the skin and
have to cope with the endogenous generation of ROS and other free radicals, which are
produced continuously during cellular metabolism. Therefore, MA-DME with its high
radical scavenging activities and ROS inhibition can be useful to prevent skin aging.

3.6. Tyrosinase Inhibitory Activity Assay

Deposits of melanin in the epidermal layer can cause undesired melanogenesis or skin
pigmentation [43]. Melanogenesis could be regulated by inhibiting the activity of tyrosinase
or other related enzymes. Tyrosinase, one of the melanogenic enzymes, is the rate-limiting
enzyme that controls the production of melanin [44]. Thus, utilizing tyrosinase inhibitors is
clearly a promising way to inhibit melanogenesis.

The potential of MA-DME to inhibit mushroom tyrosinase at concentrations from 50
to 1000 ng/mL was higher than that of Transparent extract (Figure 6). At concentrations of
50 and 100 pg/mL, MA-DME showed better tyrosinase inhibition effects than kojic acid,
which is known as a whitening agent. Consequently, MA-DME is a promising whitening
ingredient for cosmetics applications.
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Figure 6. Tyrosinase inhibitory effects of MA-DME, Transparent extract and positive controls, n = 3.

3.7. Elastase Inhibitory Assay

Elastase is particularly responsible for the disruption of elastin, and elastin is a crucial
protein present in the ECM. Elastin, due to its unique elastic recoil properties, is a crucial
protein for imbuing elasticity to the skin [45,46]. With regard to anti-aging, seeking to
inhibit elastase enzymes is valuable to avoid skin aging and the loss of skin elasticity.

To examine the effects of MA-DME on elastase effects, we determined the porcine
elastase activity upon treatment with various concentrations of sample extract (Table 3).

Table 3. Inhibition activity (%) of MA-DME targeting porcine pancreas elastase activity (0.4 U/mL).

Concentration Elastase Inhibition Ratio (%) *

(ug/mL) MA-DME Retinol Adenosine

6.25 46+20 4.6 +25 35+14
12.5 6.8+24 13.8 £ 1.0 122 +£0.88

25 131+12 9.04 £3.0 11.8 £29

50 149 =17 13.6 £ 0.90 141 +£1.0

100 14.1 + 0.60 13.3 £0.21 87+£13

200 15.8 £ 0.61 11.0+13 13.0£15

400 16.0 = 0.43 14.5 £ 0.70 13.7 £ 1.6

(Mean + SD) MA-DME showed high elastase inhibition activity in a specific concentration range. Additionally,
MA-DME at high concentrations (100 to 400 ug/mL) showed enhanced active elastase inhibition activity compared
to the effect of retinol and adenosine. Therefore, MA-DME might have a potential role in improving skin elasticity
and reducing wrinkles in skin.

_ Absorbance of sample
Absorbance of control

« Elastase Inhibition Ratio(%) =1 100

3.8. Blue Light Penetration Experiment with MA-DME

The experimental results are shown in Figure 7. MA-DME did not transmit blue light
at concentrations of 30 mg/mL, 15 mg/mL, and 7.5 mg/mL. It was found that the blue
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light was faintly transmitted in a sample at 3.75 mg/mL concentration. As such, MA-DME
was shown to have a shielding ability against blue light. Therefore, MA-DME may have a
skin-protecting effect against blue light.

M1 M4

AROBYST

V2LED

30 mg/mL 3.75 mg/mL

M2 M5
~——
.

15 mg/mL Tap water -

M3
e —T
7.5 mg/mL

Figure 7. Results for blue light protection effects of MA-DME.

4. Conclusions

The results of this study showed that the microwave-assisted extraction method
improved the bioactivities of D. morbifera in the resultant MA-DME. It was also found
that MA-DME showed high biocompatibility, excellent antioxidant activity and whitening
effects. Compared with Transparent extract or Black extract, the superior features of MA-
DME including cell viability, total bioactive compound contents, radical scavenging effects,
and tyrosinase inhibitory effects were shown in this work. Therefore, we suggest MA-DME
as a promising candidate for cosmetic applications.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/antiox11050998 /s1, Table S1. List of samples and the absorbance
measurement results for evaluating phenolic; Table S2. List of samples and the absorbance mea-
surement results for evaluating flavonoid; Figure S1. The calibration curve for quantification of
phenolic compounds; Figure S2. The absorbance measurement results to evaluate the phenolic
compounds; Figure S3. The calibration curve for quantification of flavonoid compounds; Figure S4.
The absorbance measurement results to evaluate the flavonoid compounds.
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