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Abstract: This study analyzed the antioxidant activity, cell viability, and human skin primary
irritation test using the hot-water extracts of the Syzygium samarangense. As a result of the
recent warmer climate, tropical plants have flourished on Jeju Island, and S. samarangense is
one of these plants known to have biological activities. In this study, the hot-water extract of
S. samarangense leaf and branch was analyzed. Antioxidant activity was measured by DPPH
(2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2’-azino-bis(3-ethyl-benzthiazoline-6-sulfonic acid))
assays, and the DMPD (dimethyl-4-phenylenediamine) radical scavenging activity, nitrite scavenging
activity, ferrous-ion chelating activity, cupric reducing antioxidant capacity, reducing power assay,
ferric reducing antioxidant power, total phenol content, and total flavonoid content were also
measured. In addition, cell viability was measured by MTT assay in human keratinocyte cells
(HaCaT), and the safety of the extract for use on the skin was evaluated in the human skin primary
irritation test. The antioxidant activities, except DMPD radical scavenging activity and ferrous-ion
chelating activity, were stronger in the branch extract than in leaf extract, and the total phenol and
flavonoid contents were also higher in the branch extract. Slight irritation was observed in the human
skin primary irritation test. However, it was possible to observe sufficient antioxidant capacity at a
concentration lower than the concentration used in the irritation test; therefore, if the concentration of
the extract is appropriately adjusted, this suggests that it is a possible natural material suitable for use
in cosmetics.

Keywords: Syzygium samarangense; antioxidant; human keratinocyte cells; human skin primary
irritation test; cosmetics

1. Introduction

The predicted changes in climate change suggest that by the end of the 21st century, the average
temperature will have risen by approximately 4 °C, and the central area of Korea will have a subtropical
climate [1]. Consumption of tropical and subtropical vegetables is expected to increase from 20,625
tons to 37,879 tons in 2020, and the cultivation area is also expected to increase from 548 ha to 1073
ha [2]. Indeed, the local governments in the southern region of Korea, where the climate is warm, are
intensively promoting subtropical crops as alternatives for future agriculture. In Jeju Island in the
southern region, which has the warmest climatic conditions in Korea, there is a favorable environment
for the cultivation of subtropical crops, and there is an Agricultural Research Center for Climate
Change that oversees the cultivation and distribution of subtropical crops [3]. Tropical and subtropical
fruits, such as papaya, artichoke, and avocado, are now cultivated in Jeju island.

S. samarangense is native to Malaysia, but it is grown widely in Southeast Asia, including the
Philippines. Recently, it has also been grown in Korea’s Jeju Island, owing to the recent warmer
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climate [4]. It is known that the effects of S. samarangense are hepatoprotective against alcohol [5],
antioxidant activity [6,7], whitening, and wrinkle improvement [8]. In addition, although research on
ethanol and methanol extracts of leaf and branch of S. samarangense has been published, the effects on
hot-water extracts have rarely been reported.

Human aging is governed by various factors; free radicals have been found to be one of the causes
of aging, alongside various diseases [7]. Therefore, owing to their capacity to remove free radicals,
the use of antioxidants that protect against oxidative substances generated by oxidative stress in vivo
is increasing [9], and functional cosmetics is an active area of research [10].

As the skin ages, the structure and physiological functions of the skin deteriorate, resulting in
aging. Skin aging is caused by various factors, such as a decrease in the number of biological bonds in
the skin cells, changes in the structure of the cutaneous stratum corneum, decreased differentiation of
epidermal cells, and the inhibition of protein synthesis and intercellular substances by fibroblasts in
the dermis, and the most important of them is free radicals. Therefore, to suppress skin aging, it is
important to establish a barrier against free radicals in these skins.

Therefore, in this study, various assays, such as the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
scavenging assay and the ABTS (2,2’-azino-bis(3-ethyl-benzthiazoline-6-sulfonic acid)) radical cation
scavenging assay, were performed to evaluate the antioxidant activity of the extracts of leaf and branch
of S. samarangense, and the safety of the extracts was evaluated through the MTT assay and human
skin primary irritation test. In addition, HPLC fingerprint analysis was conducted to study the active
ingredients of the S. samarangense. Based on these studies, we aimed to investigate the applicability of
hot-water extracts of the leaf and branch of S. samarangense as a cosmetic ingredient.

2. Materials and Methods

2.1. Preparation of Extracts

S. samarangense used in this study was collected on Jeju Island in 2016. The collected leaf and
branch were extracted at 65 °C for 8 h in distilled water. Each extract was filtered and then concentrated
using a vacuum concentrator. The concentrated extract was freeze-dried at —20 °C, dissolved in
distilled water for use in the experiment.

2.2. DPPH Radical Scavenging Activity

The DPPH radical scavenging experiment is a simple, convenient, and widely used antioxidant
screening method. The assay was performed, as previously described [11], with some modifications.
The assay was conducted in a 96-well microtiter plate, and a plate reader was used to measure
absorbance at 515 nm. Each well contained 20 pL of various samples and 180 uL of the solution of
DPPH (0.2 mM, Sigma Aldrich, St. Louis, MO, USA). After incubation of the plate at room temperature
for 15 min, the absorbance was measured. The radical scavenging activity was calculated from the
following equation and expressed as a percentage. Each reaction was measured in triplicate.

ScaVenging aC’fiVi’fY (0/ 0) = (Acontrol - Asample)/ Acontrol x 100 (1)

2.3. ABTS Radical Scavenging Activity

The assay was performed, as previously described [12], with some modifications. The assay was
conducted in a 96-well microtiter plate, and a plate reader was used to measure the absorbance at
700 nm. ABTS (14 mM, Sigma Aldrich, St. Louis, MO, USA) and potassium persulfate (4.9 mM, Sigma
Aldrich, St. Louis, MO, USA) were dissolved in distilled water and reacted in the dark for 16 h at room
temperature to form ABTS cation radicals. Prior to use in the assay, the ABTS radical cations were
diluted with 95% ethanol for an initial absorbance of approximately 0.7 + 0.02 at 700 nm. Each well
contained 20 pL of various samples and 180 uL of the solution of ABTS cation radical. After incubation
of the plate at room temperature for 15 min, the absorbance was measured. The radical scavenging
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activity was calculated from the following equation and expressed as a percentage. Each reaction was
measured in triplicate.

SCaVenging aCtiVitY (0/0) = (Acontrol - Asample)/ Acontrol X 100 (2)

2.4. DMPD (Dimethyl-4-Phenylenediamine) Radical Scavenging Activity

The assay was performed, as previously described [13], with some modifications. The assay
was conducted in a 96-well microtiter plate, and a plate reader was used to measure the absorbance
at 515 nm. DMPD (200 mM, Sigma Aldrich, St. Louis, MO, USA) was prepared by dissolving in
distilled water, and sodium acetate buffer (0.1 M, Biosesang) was added to this solution, and iron (III)
chloride (50 mM, Sigma Aldrich, St. Louis, MO, USA) was added to obtain a colored radical cation.
Each well contained 20 pL of various samples and 180 puL of DMPD cation radical solution, and the
absorbance was measured. The radical scavenging activity was calculated from the following equation
and expressed as a percentage. Each reaction was measured in triplicate.

SCaVenging aCtiVitY (0/0) = (Acontrol - Asample)/ Acontrol x 100 (3)

2.5. Nitrite Scavenging Activity

The assay was performed, as previously described [14], with some modifications. The assay was
conducted in a 96-well microtiter plate, and a plate reader was used to measure the absorbance at
540 nm. Each well contained 20 uL of various samples and 90 pL of sodium nitroprusside (62.5 mM,
Sigma Aldrich, St. Louis, MO, USA) and incubated for 30 min at room temperature. Then, 90 uL of
Griess reagent (Sigma Aldrich, St. Louis, MO, USA) was added and incubated at room temperature for
15 min, and the absorbance was measured. The nitrite scavenging activity was calculated from the
following equation and expressed as a percentage. Each reaction was measured in triplicate.

Scavenging activity (%) = (Acontrol — Asample)/ Acontrol X 100 4)

2.6. Ferrous-lon Chelating Activity

The assay was performed, as previously described [15], with some modifications. The assay was
conducted in a 96-well microtiter plate, and a plate reader was used to measure the absorbance at
562 nm. Each well contained 100 puL of various samples, 10 pL of FeCl,-4H,O (1 mM, Sigma Aldrich,
St. Louis, MO, USA), and 90 puL of ferrozine (2.5 mM, Sigma Aldrich, St. Louis, MO, USA) and
incubated for 1 h at room temperature. Then, the absorbance was measured. The chelating activity was
calculated from the following equation and expressed as a percentage. Each reaction was measured
in triplicate.

Chelating activity (%) = (Acontrol — Asample)/ Acontrol X 100 )

2.7. Cupric Reducing Antioxidant Capacity (CUPRAC)

The CUPRAC assays measure the copper ion reducing power, and the assay was performed, as
previously described [16], with some modifications. The assay was conducted in a 96-well microtiter
plate, and a plate reader was used to measure the absorbance at 450 nm. Each well contained 20 uL
of various samples, 60 uL of CuCl,-4H,O (5 mM, Sigma), 60 uL of necouproine (1 M, Sigma Aldrich,
St. Louis, MO, USA), and ammonium acetate buffer (1 M, pH 7, Biosesang). The plate was incubated
for 30 min at room temperature, and the absorbance was measured.

2.8. Reducing Power Assay

The assay was performed, as previously described [17], with some modifications. The assay was
conducted in a 96-well microtiter plate, and a plate reader was used to measure the absorbance at
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700 nm. Each tube contained 100 pL of various samples, 300 pL of 1% (w/v) potassium ferricyanide
(Sigma Aldrich, St. Louis, MO, USA), and 300 pL of phosphate buffer (0.2 M, Sigma Aldrich, St. Louis,
MO, USA) and incubated for 30 min at 50 °C; 10% (w/v) trichloroacetic acid was added to the mixture
and centrifuged at 3000 rpm for 3 min. Then, 0.1% (w/v) FeCls was added to the supernatant, the
solutions were transferred to a 96-well microplate, and the absorbance was measured.

2.9. Ferric Reducing Antioxidant Power (FRAP)

The assay was performed, as previously described [18], with some modifications. The assay was
conducted in a 96-well microtiter plate, and a plate reader was used to measure the absorbance at
590 nm. Acetate buffer (300 mM, Biosesang), 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ, 10 mM, Sigma),
and FeCl,-6H,0 (20 mM, Sigma Aldrich, St. Louis, MO, USA) were prepared, mixed in a 10:1:1 ratio
immediately before the experiment and heated at 37 °C for 10 min. Each well contained 20 pL of
various samples and 180 uL of FRAP solution and incubated for 30 min at room temperature in the
dark, and the absorbance was measured. FeSO4-7H,O was used as a standard, and the content of Fe2*
was calculated using the calibration curve obtained here.

2.10. Total Phenol Contents

The assay was performed, as previously described [19], with some modifications. The assay was
conducted in a 96-well microtiter plate, and a plate reader was used to measure the absorbance at
700 nm. Each tube contained 100 pL of various samples, 100 pL of Folin—Ciocalteu’s phenol reagent
(Sigma Aldrich, St. Louis, MO, USA), and 900 puL of distilled water and incubated for 30 min at room
temperature. Thereafter, 200 uL of Na,COs3 (2 M, Sigma Aldrich, St. Louis, MO, USA) was added
and incubated for 1 h at room temperature. After transferring to a 96 well plate, the absorbance was
measured. Gallic acid was used as a standard, and the content of phenol was calculated using the
calibration curve obtained here.

2.11. Total Flavonoid Contents

The assay was performed, as previously described [20], with some modifications. The assay was
conducted in a 96-well microtiter plate, and a plate reader was used to measure the absorbance at
420 nm. Each well contained 20 pL of various samples, 20 uL of 5% (w/v) NaNO;, 140 uL of 10% (w/v)
AlCl;3-6H,0, and NaOH (1 M, Sigma Aldrich, St. Louis, MO, USA) and incubated for 20 min at 37 °C.
Then, the absorbance was measured. Quercetin was used as a standard, and the content of flavonoid
was calculated using the calibration curve obtained here.

2.12. Cell Cultures

Human keratinocytes (HaCaT) were obtained from the Korea Cell Line Bank. Cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum,
100 units/mL penicillin, and 100 pg/mL streptomycin. Gibco (Grand Island, NY, USA) was used, and
4 x 10° cells/dish were cultured and incubated in an incubator at 37 °C and 5% CO,.

2.13. Cell Viability Assay

After incubation, the cells (1 X 10° cells/well) were seeded in 24-well plates and incubated for 24 h.
The culture solution was removed, the medium containing the sample was replaced, and the cells
were incubated for a further 24 h. The culture solution was removed, and 400 pg/mL of MTT reagent
(0.4 mg/mL) was added, incubated for 4 h at 37 °C, 5% CO, incubator. The 800 ng/mL of DMSO was
added, and the absorbance was measured at 570 nm. Cell viability was calculated as a percentage
compared to the control.
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2.14. Skin Primary Irritation Test

This test was performed on 34 men or women between 20 and 60 years of age who met the criteria
for subject selection and did not meet the exclusion criteria as determined through examination of
the background and medical history of the subjects. The test site was wiped with 70% ethanol on the
cotton and dried. Then, 20 uL of the test substance was applied on a van der bend to an area on the
subject’s back. After 24 h, the patch was removed, and the first evaluation was performed 20 min
after patch removal, and the second evaluation was performed after 24 h. The primary skin irritation
response was evaluated in accordance with the Personal Care Products Council (PCPC) guidelines
(Table 1). The skin reaction results for each test substance were calculated from the formula shown
below. The average reactivity of each calculated test substance was determined, as shown in Table 2.

Y.(Grade x No. of Responders)
4 (Maximum Grade) X n (Total Subjects)

Response = x100x1/2 6)

Table 1. The grading system for skin primary irritation test.

Grade Description of Clinical Observation
+1 Slight erythema
+2 Moderate erythema, possibly with barely perceptible edema at the margin, papules may be
present
+3 Moderate erythema, with generalized edema
+4 Severe erythema with severe edema, with or without vesicles
+5 Severe reaction spread beyond the area of the patch

Table 2. Determination criteria for skin primary irritation [21].

Range of Response Judgment
0<R<0.87 None to Slight
0.87<R <242 Mild
242 <R <344 Moderate
344 <R Severe

2.15. HPLC Fingerprint

In the case of myricitrin, HPLC analysis was performed by gradient elution with 3% acetic acid
aqueous solution and MeOH, and the HPLC conditions are shown in Table 3. In the case of p-coumaric
acid, water:MeOH:acetic acid = 65:34:1, and it was separated by an isocratic elution method. HPLC
conditions are shown in Table 3.

Table 3. HPLC conditions for the separation of hot-water extracts of leaf and branch of S. samarangense.

Grade Myricitrin p-Coumaric Acid
Column YMC-Triact C18 (250 X 4.6mml.D. YMC-Triact C18 (250 X 4.6 mml.D.
S-5 um.12 nm) S-5 um.12 nm)
Detector UV 370 nm UV 310 nm
A: 3% acetic acid, B: MeOH
Mobile phase 12;n ;}fBlgg"Z Water:MeOH:acetic acid
32 min A 100%
Flow rate 1 mL/min 1 mL/min
Injection volume 10 uL 10 pLb
Column temperature. 27°C 30°C
Sample temperature. 15°C 15°C

Run time 32 min 30 min
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2.16. Statistical Analyses

Data were presented as mean values + standard deviation. The half maximal inhibitory
concentration (ICsy) values were estimated by a nonlinear regression algorithm (SigmaPlot version 12.0).

3. Results

3.1. DPPH Radical Scavenging Activity

DPPH is a water-soluble free radical that forms a stable, purple color, and when it reacts with an
antioxidant, the color dissipates. It is used to search for antioxidants using this principle [22]. In this
study, the results of measuring the scavenging activity of DPPH radicals by dissolving hot-water
extracts of leaf and branch of S. samarangense in distilled water at a concentration of 15.63 ug/mL
to 1000 ug/mL are shown in Figure 1. The half-maximal inhibitory concentration (ICsy) values of
L-ascorbic acid (the control), leaf, and branch were 4.55 + 0.034 pug/mL, 24.158 + 0.685 ug/mL, and
21.352 + 4.683 pg/mL, respectively. Although the extracts were less effective than L-ascorbic acid, their
activity was increased depending on the concentration; in addition, the branch extract had stronger
antioxidant activity than the leaf extract.

mleaf = branch
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Figure 1. DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activities of (a) L-ascorbic acid
and (b) hot-water extracts of the S. samarangense. An appropriate amount of ascorbic acid was used
as a positive control. The results were expressed as the mean + SD of data obtained from three
independent experiments.

3.2. ABTS Radical Scavenging Activity

The ABTS radical scavenging activity is the same as DPPH radical, but DPPH is free radical,
whereas ABTS is cation [23]. In this study, the results of measuring the scavenging activity of ABTS
radicals by dissolving the hot-water extracts of leaf and branch of S. samarangense in distilled water at a
concentration of 15.63 pg/mL to 1000 pg/mL are shown in Figure 2. The ICs, value of L-ascorbic acid
(the control) was 2.732 + 0.099 ug/mL, and the values of the leaf and branch were below 10 ug/mL.
The extracts showed stronger antioxidant power than in the DPPH assay, and it was expected that the
extract could be a useful functional material as it showed similar activity to L-ascorbic acid.
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Figure 2. ABTS (2,2’-azino-bis(3-ethyl-benzthiazoline-6-sulfonic acid)) radical scavenging activities of
(a) L-ascorbic acid and (b) hot-water extracts from S. samarangense. An appropriate amount of ascorbic
acid was used as a positive control. The results were expressed as the mean + SD of data obtained from

ABTS radical scavenging activity (%)
ABTS radical scavenging activity (%)

three independent experiments.

3.3. DMPD Radical Scavenging Activity

The reaction of the compound DMPD in the presence of a suitable oxidant solution leads to the
formation of a colored solution of the DMPD radical cation. Antioxidant compounds, which are able
to transfer a hydrogen atom to the DMPD radical cation, cause decoloration of the solution [24]. In this
study, the results of measuring the scavenging activity of DMPD radicals by dissolving hot-water
extracts of leaf and branch of S. samarangense in distilled water at a concentration of 15.63 pug/mL to
1000 pug/mL are shown in Figure 3. The IC5, values of L-ascorbic acid (the control), leaf, and branch
were 4.116 + 0.092 pg/mL, 53.269 + 0.386 pug/mL, and 57.278 + 1.186 pg/mL, respectively. Although
the extracts were less effective than L-ascorbic acid, their activity was increased depending on the
concentration; in addition, the leaf extract had stronger antioxidant activity than the branch activity.

g
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Figure 3. DMPD (dimethyl-4-phenylenediamine) radical scavenging activities of (a) L-ascorbic acid
and (b) hot-water extracts from S. samarangense. An appropriate amount of ascorbic acid was used
as a positive control. The results were expressed as the mean + SD of data obtained from three
independent experiments.

3.4. Nitrite Scavenging Activity

Nitrite is added to prevent toxin production and color development and to prevent rancidity
during the processing and storage of meat products and seafood [25]. However, nitrite oxidizes
the iron in hemoglobin to produce methemoglobin or combine an amine to produce nitrosamine,
a carcinogen [26]. In this study, the results of measuring the scavenging activity of nitrite by dissolving
hot-water extracts of leaf and branch of S. samarangense in distilled water at a concentration of
15.63 pg/mL to 1000 pg/mL are shown in Figure 4. The IC5 value of L-ascorbic acid as control was
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52.588 + 1.027 ug/mL, and the values of the leaf and branch were more than 1000 pug/mL. Although the
extract was less effective than L-ascorbic acid, its activity was increased depending on the concentration;
in addition, the branch extract showed stronger antioxidant activity than the leaf extract.
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Figure 4. Nitrite scavenging activities of (a) L-ascorbic acid and (b) hot-water extracts from S.
samarangense. An appropriate amount of ascorbic acid was used as a positive control. The results were
expressed as the mean + SD of data obtained from three independent experiments.

3.5. Ferrous-Ion Chelating Activity

Ferrozine forms a complex with Fe?*, which produces a reddish solution. At this time, if a
substance with a chelating effect is present in the sample, the formation of the Fe?*-ferrozine complex is
hindered, and color development is inhibited [27]. In this study, the results of measuring the chelating
activity by dissolving hot-water extracts of leaf and branch of S. samarangense in distilled water at a
concentration of 15.63 pg/mL to 1000 pug/mL are shown in Figure 5. The ICsy value of EDTA—the
control—was 121.283 + 2.857 pg/mL, and the values of the leaf and branch extracts were more than
1000 pg/mL. Although the extract was less effective than L-ascorbic acid, its activity was increased
depending on the concentration; in addition, the leaf extract had stronger antioxidant activity than the
branch extract.

mleaf wbranch

100 100
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Ferrous ion chelating activity (%)
Ferrous ion chelating activity (%)

X 25

7813 15625 3125 625 1250 2500 5000 w0 L 1563 312 1000
Concentration (pg/mL) Concentration (ug/mL)
(a) (b)

Figure 5. Fe?* ion chelating activities of (a) EDTA and (b) hot-water extracts from S. samarangense.
An appropriate amount of EDTA was used as a positive control. The results were expressed as the
mean + SD of data obtained from three independent experiments.

3.6. Cupric Reducing Antioxidant Capacity (CUPRAC)

This experiment measured the activity of copper ion reducing power through changes in
absorbance [28]. In this study, the results of measuring the reducing antioxidant capacity by dissolving
hot-water extracts of leaf and branch of S. samarangense in distilled water at a concentration of
15.63 pug/mL to 1000 pug/mL are shown in Figure 6. The absorbance values of L-ascorbic acid (the
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control), leaf, and branch were 4.2 at 100 png/mL, 4.1 at 1000 pg/mL, and 4.8 at 1000 pg/mL, respectively.
Although the extract was less effective than L-ascorbic acid, its activity was increased depending on
the concentration; in addition, the branch extract had stronger antioxidant activity than the leaf extract.

—t—leaf branch

4 4
£ B
: d
33 S ®
@ @
£2 2 2
° e
2 2
< E]
< <

1 1

0 0

1.56 3.13 6.25 125 25 50 100 15.63 31.25 62.5 125 250 500 1000
Concentration (ug/mL) Concentration (ug/mL)
(a) (b)

Figure 6. Cupric reducing antioxidant capacity of (a) L-ascorbic acid and (b) hot-water extracts from S.
samarangense. An appropriate amount of ascorbic acid was used as a positive control. The results were
expressed as the mean + SD of data obtained from three independent experiments.

3.7. Reducing Power Assay

The reducing power assay is a method to measure the reducing power reduced from Fe3* to
Fe?" [26]. In this study, the results of measuring the reducing power by dissolving hot-water extracts
of leaf and branch of S. samarangense in distilled water at a concentration of 15.63 ug/mL to 1000 ug/mL
are shown in Figure 7. The absorbance values of L-ascorbic acid (the control), leaf, and branch were 1.8
at 100 pg/mL, 1.5 at 1000 ng/mL, and 1.7 at 1000 pg/mL, respectively. Although the extract was less
effective than L-ascorbic acid, its activity was increased depending on the concentration; in addition,
the branch extract had stronger antioxidant activity than the leaf extract.

5 5 ¢

—oleafl branch
4 4
E g
S =
.3 3 o
2 g3
8 €
E g
22 ]
= T, NI H
z S =
= S
2 $ ———
1 e
/ 1
: — (
1.56 313 6.25 125 25 50 100 0
Concentration (ug/mL) 1563 3125 625 125 250 500 1000
Concentration (ug/mL)
() (b)

Figure 7. Reducing power of (a) L-ascorbic acid and (b) hot-water extracts from S. samarangense. An
appropriate amount of ascorbic acid was used as a positive control. The results were expressed as the
mean + SD of data obtained from three independent experiments.

3.8. Ferric Reducing Antioxidant Power (FRAP)

The FRAP assay is a recently developed means to measure antioxidant capacity, which uses
the principle of the reduction of ferric tripyridyltriazine (Fe**-TPTZ) complex to a blue ferrous
tripyridyltriazine (Fe?*-TPTZ) by a reducing agent at a low pH [29]. The results of the FRAP were
using FeSOy as a standard substance, as shown in Table 4. Although the extract was less effective
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than L-ascorbic acid, it had FRAP activity, and the branch extract had a stronger reducing power than
leaf extract.

Table 4. Ferric reducing antioxidant power (FRAP) values of ascorbic acid and hot-water extracts from
S. samarangense.

L-Ascorbic Acid Leaf Branch
mmol Fe2+/g 3.438 £ 0.111 0.333 + 0.006 0.371 = 0.014

An appropriate amount of ascorbic acid was used as a positive control.

3.9. Total Phenol Content and Total Flavonoid Content

The total phenol content was determined using the principle that Folin-reagent is reduced to blue
molybdenum, owing to the polyphenol component contained in the extract; the results are shown
in Table 5 [30]. Phenolic compounds have various physiological activities, such as antioxidant and
anti-cancer properties. In this study, the hot-water extracts of leaf and branch of S. samarangense were
prepared by dissolving in distilled water, and the phenol content of the extract was converted according
to the standard curve using gallic acid as a standard substance. The total phenolic content was 66.778
+ 1.64 mg GAE/g in the leaf extract and 76.3820 + 1.085 mg GAE/g in the branch extract; the branch
extract contained a higher phenol content than the leaf extract.

Table 5. Total phenol content and flavonoid content of hot-water extracts from S. samarangense.

Leaf Branch
mg GAE U/g 66.778 + 1.64 76.3820 + 1.085
mg QE @/g 40.8076 + 2.226 78.057 + 3.576

M Gallic acid equivalent @ Quercetin equivalent.

The total flavonoid content uses the principle that the flavonoid contained in the extract is turned
yellow by a strong oxidizing agent; the results are shown in Table 5 [30]. Flavonoids are pigments
present in various plants and are known to show the effects, such as pathogen inhibition, UV protection,
anti-mutation, antiviral, and anti-inflammatory effects. In this study, the hot-water extracts of leaf and
branch of S. samarangense were prepared by dissolving in distilled water, and the flavonoid content of
the extract was converted according to the standard curve using quercetin as a standard substance.
The total flavonoid content was 40.8076 + 2.226 mg QE/g in the leaf extract, and 78.057 + 3.576 mg QE/g
in the branch extract; the branch extract contained a higher total flavonoid content than the leaf extract.

3.10. Cell Viability Assay

To investigate the cytotoxicity of extracts to human keratinocyte HaCaT cells, cell viability was
measured by using the MTT assay. MTT is transported into living cells and is reduced to formazan
by the metabolism of cells and becomes purple [31]. In this study, the hot-water extracts of leaf and
branch of S. samarangense were prepared by dissolving in distilled water, and the results of treating the
sample are shown in Figure 8. The leaf extract showed 80% cell viability at 25 pg/mL, and the branch
extract showed 78% cell viability at 25 pg/mL.
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Figure 8. The effect of hot-water extracts from S. samarangense on the viability of HaCaT (human
keratinocyte cells). Cells were each treated with (a) the leaf of S. samarangense (6.25,12.5, 25, 50, and
100 pg/mL) and (b) the branch of S. samarangense (6.25, 12.5, 25, 50, and 100 pug/mL) for 24 h. The cell
viability was determined by MTT assay. The data were presented as the mean + standard deviation

(SD) of at least four independent experiments (n = 3). * p < 0.05, ** p < 0.01, *** p < 0.001 versus control.
3.11. Skin Primary Irritation Test

The hot-water extracts of leaf and branch of S. samarangense at a concentration of 100 pg/mL were
applied to a patch and tested for skin contact for 24 h. Then, the patch was removed after 48 h, and the
extracts were observed (Table 6). Six subjects showed a stimulus-response of +1 grade in response to
the leaf extract. Therefore, in terms of skin primary irritation test, the test substance was considered
to be a substance of the medium stimulation category. Two subjects showed a stimulus-response of
+1 grade in response to the branch extract. Therefore, in terms of skin primary irritation test, the test
substance was considered to be a substance of the low stimulation category.

Table 6. Results of human skin primary irritation test (n = 34).

No s Testl No. of Responders 24 h 48 h Reaction Grade
ample +1 42 43 +4 +1 42 +3 +4 24h 48h Mean
1 leaf 6 4 - - - 3 - - - 29 2.2 2.6
2 branch 2 2 - - - - - - - 1.5 0 0.7

3.12. HPLC Analysis

In order to analyze the content of myricitrin and p-coumaric acid using HPLC, the retention time
was compared with a standard substance and quantified. As a result, myricitrin contained 15.6 mg/g
in leaf extract and 0.2 mg/g in the branch extract (Figure 9). p-coumaric acid was 0.36 mg/g in leaf
extract and was not found in the branch extract (Figure 10). The leaf and branch extract contained
myricitrin and p-coumaric acid, so it could be expected to have anti-oxidant effects, consistent with the
actual experimental results.

T v — T T — T v T
0.00 10.00 20.00 30.00 0.00 10.00 2000 30.00 0.00 10.00 20.00 30.00

(a) (b) (c)

Figure 9. HPLC chromatogram of (a) myricitrin and hot-water extracts of the leaf (b) and branch (c) of
S. samarangense.
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Figure 10. HPLC chromatogram of (a) p-coumaric acid and hot-water extracts of the leaf (b) and branch
(c) of S. samarangense.

4. Discussion

Ingredients for natural cosmetics tend to emphasize the familiar impression with new and
surprising functionality. As a representative trend, the fact that inner beauty, represented by eating
cosmetics, has established itself as a global trend centering on developed countries. Due to the
familiarity of consumers, tropical or subtropical fruit is an attractive resource for cosmetics” developers
as a target for developing cosmetic ingredients [8]. Therefore, based on these ideas, we tried to confirm
whether Jeju wax apple could be a cosmetic ingredient through various experiments.

Whether or not Jeju wax apple possesses antioxidant properties is very important from the
perspective of developing cosmetic ingredients. This is because many antioxidant ingredients,
including vitamin C, have a close relationship with the efficacy of suppressing wrinkles and melanin
production and inflammatory skin diseases on the face and skin and can be applied to various
cosmetics [32,33].

In this study, the DPPH radical scavenging, ABTS radical scavenging, DMPD radical scavenging,
nitrite scavenging, and ferrous-ion chelating activity of the hot-water extracts of leaf and branch of
S. samarangense were analyzed. The leaf and branch of S. samarangense were extracted with distilled
water at 65 °C. In addition, cupric reducing antioxidant capacity, reducing power assay;, ferric reducing
antioxidant power (FRAP), total phenol contents, and total flavonoid content were also measured.

First, the ICsg value of DPPH radical scavenging activity was four times larger for the leaf and
branch extracts than ascorbic acid. In addition, the IC5y value of ABTS radical scavenging activity
was similar for the leaf and branch extracts and ascorbic acid. DPPH uses free radicals in DPPH
radical scavenging activity, whereas ABTS evaluates the scavenging ability of cation radicals; thus, the
difference is believed to be due to the different phenolic substances that bind each of the radicals [34].
In these two antioxidant experiments, S. samarangense worked well as an antioxidant because it is
superior to other subtropical plants that grow on Jeju Island—Mangifera indica, Momordica charantia,
and Curcuma longa [35-37]. The IC5q value of DMPD radical scavenging activity was approximately 13
times higher for the leaf and branch extracts than for ascorbic acid, and the ICsy value of ferrous-ion
chelating activity was approximately 10 times higher than that of EDTA. The ICs, value of the nitrite
scavenging activity was approximately 20 times higher for the leaf and branch extracts than for ascorbic
acid. In these experiments, it was seen that although the extracts had weaker activity than ascorbic
acid, the activity increased depending on the concentration.

The ICs( values of cupric reducing antioxidant capacity, reducing power assay, and ferric reducing
antioxidant power (FRAP) were approximately 10 times larger than that of leaf and branch extracts
compared to ascorbic acid. However, in all four experiments, the activity increased depending on the
concentration, and the activity of the branch extract was stronger than that of the leaf extract.

Second, the total phenolic content was approximately 1.1 times greater in the branch extract
than the leaf extract, and the total flavonoid content was approximately 1.9 times greater. This result
supported the finding that the antioxidant activity of the branch was superior to that of the leaf in
most antioxidant experiments. There is a strong correlation between antioxidant activity with total
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phenolic and total flavonoid content. Phenolic compounds are important plant constituents with
redox properties responsible for antioxidant activity. This is because hydroxyl groups having a natural
structure contained in plant extracts generally promote free radical scavenging [38].

Next, in order to test the application of the cosmetic ingredients of the hot water extract derived
from wax apple’s leaf and branch, we conducted an MTT experiment on human keratinocytes and a
primary skin irritation test on human skin. As shown in Figure 8, the cell viability of leaf and branch
extracts, using human keratinocyte HaCaT, was slightly lowered from 92% to 64% when the leaf was
treated at a concentration 6.25-100 pug/mL. In the branch also, the cell viability was lowered from 92%
to 77%, indicating lower toxicity than the leaf. Besides, in the skin primary irritation test, the leaf
extract was classified as a medium stimulation category, and the branch extract was classified as a
low stimulation category. In the case of the leaf extract, skin irritation was observed, but sufficient
antioxidant activity was observed at a concentration lower than the applied concentration of 100 ug/mL.
For the branch extract, skin irritation did not appear after 48 h in the primary skin irritation test, and
the antioxidant activity was generally better than for the leaf extract. Therefore, it is suggested if an
appropriate concentration of branch extract is applied, it may be a suitable natural material for use
in cosmetics.

Finally, we performed HPLC fingerprint analysis to confirm the standard components for the
antioxidant efficacy of Jeju wax apple extract. Since myricitrin and p-coumaric acid have been reported
as the ingredients in the Syzygium plant that are effective antioxidant agents, they were used as standard
substances [39]. Using the conditions described in the experimental section, myricitrin and p-coumaric
acid were well resolved from the wax apple extract with excellent peak shapes.

Considering these results, we suggested that Jeju wax apple extracts be considered possible
antioxidant candidates for topical application.
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