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Featured Application: This study provides valuable information on the Syzygium formosum as a
new cosmeceutical ingredient.

Abstract: Syzygium formosum (SF) leaves have long been used in traditional medicine for the treatment
of skin-related diseases such as atopic dermatitis and psoriasis. To understand the underpinning
pharmacological mechanism of skin relief functionality, the quantitative profile of phytochemicals in
the leaf extract has been performed. Twenty phytochemical components including eight flavonoids,
three phenolic acids, and nine triterpenoids were identified and quantitatively analyzed from the
SF leaves. The dominant flavonoids of the SF leaves were found to be catechin and myricetin-3-O-
rhamnoside. Gallic acid was the most abundant phenolic acid. Among triterpenoids, asiatic acid,
corosolic acid, and betulinic acid exhibited a high concentration ranging 2.78-8.59, 3.19-3.91, and
3.58-6.14 mg/g dry leaf, respectively. The total triterpenoid contents were 14.18-19.00 mg/g dry leaf
which were 3-fold higher than those in the Indonesian Centella asiatica leaves. In human keratinocytes
assay, industrial scale extract of SF significantly reduced expressions of proinflammatory cytokines
and cyclooxygenase-2. Furthermore, that SF extract exhibited very strong antibacterial activity on
Staphylococcus aureus and Cutibacterium acnes that possibly induce serious skin problems. Our results
proved that S. formosum leaf extract with high content of biologically active compounds could be a
superior bioactive ingredient in cosmetic and pharmaceutical products.

Keywords: Syzygium formosum; phytochemicals; triterpenoids; phenolic compounds; anti-inflammation;
antibacterial activity

1. Introduction

Syzygium formosum (Wall.) Masam, a medicinal plant belonging to the Myrtaceae
family, is widely found in South Asian countries including Vietnam, Thailand, Cambodia,
India, and Bangladesh [1]. In Vietnam, Syzygium formosum is mainly distributed in the
Northern region and has been used as a traditional medicinal material for the treatment of
skin-related diseases such as furuncle, scabies, itching, rashes, atopic dermatitis, psoriasis,
and some other respiratory diseases like sore throat and bronchitis [2]. S. formosum leaves
possess the biological functionalities including antibacterial [3,4], antioxidative [3,5], anti-
allergic, and anti-inflammatory activities [6]. A variety of bioactive compounds, particularly
flavonoids, phenolic acids, and triterpenoids have been reported to exhibit remarkable
pharmacological and biological properties of plants [7-9]. Recent studies have revealed
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that S. formosum leaves contain those bioactive secondary metabolites, including phenolics
and triterpenoids [6,10].

Triterpenoids are a class of terpenes formed by the polymerization of isoprene unit as
a monomer. Triterpenoids are biosynthesized by the cyclization of their precursor squalene
and can be grouped into amyrin, lupeol, and lanosterol based on their chemical structures.
Triterpenoids have been found in the traditional oriental herbal medicine. Among the bio-
functional phytochemicals, triterpenoids are currently identified as promising pharmaceu-
tical and cosmeceutical ingredients. It has been reported that they exhibit strong biological
activities such as anti-oxidation, anti-inflammation, anti-allergy, or anticancer [11]. For in-
stance, ginsenosides, which are famous and well-studied phytochemicals from Ginseng, are
also a glycoconjugated triterpenoid modified from -amyrin or dammarenediol. As another
example, Alisma orientale has been used for a long time in China to treat edema, leukorrhea,
diarrhea, and dizziness. The phytochemicals identified as characteristic constituents in
A. orientale are terpenoids including protostane triterpenoids and guaiane sesquiterpenoids.
These active constituents exhibit a wide range of pharmacological functionalities such
as diuretic, anti-urolithiatic, antinephritic, anti-atherosclerotic, immunomodulatory, and
hepatoprotective activities [12].

Centella asiatica (L.) Urban is also a famous medicinal plant, the use of which is not lim-
ited to a functional food but has also been extended to the pharmaceuticals. C. asiatica has
been used in traditional medicine for hundreds of years in a wide range of Asian countries
to treat various diseases such as neurological, endocrine, cardiovascular, gastrointestinal,
immune, gynecological, and particularly dermatological symptoms such as skin smoothing
or wound healing, and to act as a brain tonic [13-15]. Among phytochemicals, triterpenoids
are biologically active substances in C. asiatica. Asiaticoside and madecassoside are triter-
penoids which are responsible for its pharmacological activities [16,17]. Indeed, recent
studies have reported that the methanolic extracts of triterpenoids from Centella asiatica
exhibited anti-inflammation activity and therapeutic potential on some skin diseases such
as wounds, atopic dermatitis, and acne [14,18,19]. Due to the beneficial effects on various
conditions, particularly skin diseases like atopic dermatitis, C. asiatica has been used as a
good source for skin therapy and cosmetic formulation. Currently, it has been consumed
as a commercial cosmeceutical ingredient [14,20,21].

Profiling the phytochemicals in medicinal plants has attracted widespread interest
and promoted a much better understanding of traditional herbal medicines in recent years.
Medicinal plants contain diverse phytochemicals including tannins, glycosides, saponins,
alkaloids, flavonoids, and triterpenoids which have shown the biofunctionalities. Tannins
help in wound healing and inflamed mucosal membranes [22]. Glycosides have purgative
qualities and are used for the treatment of skin diseases and as anticancer agents [23].
Saponins, alkaloids, and flavonoids have beneficial effects on neurological disorders and
oxidative stress [24].

Despite the historical applications of S. formosum leaves in traditional Vietnamese
medicine, little has been reported in in-depth studies of the SF leaves and their phyto-
chemical components effective for medicinal use in Vietnam. For a better understanding of
the underpinning pharmacological mechanism of skin relief functionality of S. formosum
leaves, in this study, the comprehensive profiling of phytochemical components in the SF
leaves has been performed. We categorized the phytochemicals in three abundant groups
that include the flavonoids, phenolics, and triterpenoids, then quantified each component
by the multiple reaction monitoring (MRM) using triple quadrupole mass spectrometry.
Additionally, comparative analyses of phytochemicals in S. formosum and C. asiatica leaves
as well as their biological functionalities on the human keratinocytes and antimicrobial
activity were performed.
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2. Materials and Methods
2.1. Chemicals

The standards including asiatic acid, corosolic acid, betulin, betulinic acid, and oleano-
lic acid were purchased from Sigma-Aldrich (St. Louis, MO, USA). Madecassic acid
was purchased from Toronto Research Chemicals (Ontario, ON, Canada). Hederagenin
and ursolic acid were obtained from Tokyo Chemical Industry (Tokyo, Japan). Maslinic
acid, gallic acid, 3,4-dihydrobenzoic acid (3,4-DHBA), and p-coumaric acid were obtained
from Chengdu Biopurify Phytochemicals Ltd. (Chengdu, China). Catechin, epigallo-
catechin gallate (EGCG), myricetin-3-O-glucoside, myricetin-3-O-rhamnoside, quercetin-
3-O-glucoside, and quercetin-3-O-rhamnoside were obtained from Extrasynthese SAS
(Genay Cedex, France). Quercetin and quercetin-3-O-arabinoside were purchased from
ChemPFaces Biochemical Co., Ltd. (Wuhan, China). All standard compounds have a purity
of >95%, except ursolic acid (purity > 90%). HPLC-grade acetonitrile, methanol, and
formic acid were purchased from Sigma-Aldrich.

Preparation of Standard Solutions

Each standard was prepared at a concentration of 1.0 mg/mL in methanol (stock
solution). Then, standard mix series including triterpenoid, flavonoid, and phenolic acid
series were prepared from the stock solutions and diluted to the appropriate range for
calibration curves. All solutions were stored in a brown vial at —60 °C until analysis.

2.2. Plant Materials

The Syzygium formosum leaves were collected from Hanoi (December 2019) and
Phu Tho provinces, a mid-land and mountainous province of the northwestern Viet-
nam (February 2020). The SF leaves were identified by Dr. Van Dao Nguyen (Faculty of
Biotechnology, Hanoi Open University, Hanoi, Vietnam). The fresh leaves were dried by a
hot air oven at 45 °C for 48 h, before delivering to Korea. The Centella asiatica dried leaves
originated from Indonesia and were purchased from Jung Woo-dang (Seoul, Korea). The
Centella asiatica dried leaves originated from Korea and were purchased from Nanastore
(Seoul, Korea).

The dried leaves were crushed to the powder before extraction. Syzygium formosum
and Centella asiatica powder were extracted four times by ethanol. Briefly, 50 g of dry leaves
powder was first extracted with 600 mL of 70% ethanol for 12 h. After each incubation
period, the mixtures were centrifuged at 700 rpm for 30 min. The supernatant was collected,
and the residue was used for further extraction steps. Similarly, the second extraction was
conducted with 600 mL of 100% ethanol for 12 h. The third and fourth extractions were
done with 200 mL of 100% ethanol for 4 h. All four extraction steps were performed at
50 °C. Finally, all extracts were combined and lyophilized to yield fine powder.

2.3. Sample Purification

Samples were purified by solid-phase extraction (SPE) before LC-MS/MS analysis.
A 1 mg of the extracted powder was suspended in 1 mL of methanol and diluted ten
times in 10% methanol. The flavonoids were purified by using a C18 cartridge (200 mg,
3 mL, Waters). The triterpenoid and phenolic acid were extracted by Oasis HLB Cartridge
(30 mg, 6 mL, Waters, Millford, MA, USA). After SPE, the samples were evaporated and
reconstituted in 50% methanol before analysis by LC-MS/MS.

2.4. LC-MS/MS Analysis

Analysis of all compounds was performed by using ultraperformance liquid chromatogra-
phy tandem mass spectrometry (6470 Triple Quadrupole System, Agilent, Palo Alto, CA, USA).
The MRM parameters and MS/MS transitions are shown in Supplementary Table S1.
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For flavonoids and phenolic acids, the separation was performed using an Agilent
Zorbax Eclipse Plus C18 column (2.1 x 50 mm, 1.8 um) and the column temperature was
maintained at 40 °C. The mobile phases contained 0.1% (v/v) formic acid in distilled water
(solvent A) and 0.1% (v/v) formic acid in ACN (solvent B). The flow rate was 0.3 mL/min.

The gradients between the time points were set up for flavonoids separation as follows:
0-5 min, 0-15% B; 5-12 min, 15-40% B; 12-13 min, 40-100% B; 13.5-20 min, 100% B; and
re-equilibration 0% B for from 21-27 min. For phenolic acids, the gradients between the
time points were as follows: 0-2 min, 0-5% B; 2-10 min, 5-25% B; 10-13 min, 25-75% B;
13-14 min, 75-95% B; 95% B was maintained in 7 min followed by an 8-min re-equilibration.

To quantify triterpenoids, the Agilent Zorbax Eclipse Rapid Resolution High Definition
C18 column (2.1 x 100 mm, 1.8 um) was used. The mobile phases consisted of solvent
5 mM of ammonium formate in distilled water (solvent A) and a mixture of methanol: IPA
(95:5), containing 5 mM of ammonium formate (solvent B). The gradient elution program
for triterpenoid separation was as follows: 0-1 min, 70% B; 1-3 min, 80% B; 3-8 min, 82% B;
8-20 min, 84% B; 20.5-25.5 min, 100% B; and re-equilibration to 70% B for 10 min. The
injection volume was 2 uL, the mobile phase flow rate was 0.2 mL/min, and the column
temperature was stabilized at 40 °C.

2.5. Method Validation

The evaluation of linearity, the limit of detection (LOD), the limit of quantification
(LOQ), and recovery of the target compounds were performed to validate the reliability
of the quantitative analysis. The linearity was demonstrated by the calibration curve
of analytes, which was expressed by plotting the peak area versus the concentration of
standard using a linear regression model. The LOD and LOQ were calculated using
peaks with signal to noise (5/N) ratios of 3.3 and 10.0 as the following formula: standard
deviation/slope x 3.3 or 10.0.

The SPE recovery was performed by employing the standard addition method, i.e., us-
ing a known concentration of standards added into the sample to evaluate matrix effect
on the recovery and the accuracy of the analytical method. The standard solutions at
low, medium, and high concentrations were used, and recovery was calculated by the
following formula: (Concentration of spiked sample — concentration of non-spiked sam-
ple)/Concentration of spiked blank x 100%.

2.6. Anti-Inflammation Assay Using HaCaT Cells

The HaCaT cell line was kindly provided from the Department of Dermatology,
College of Medicine, Chungnam National University, Korea. S. formosum leaf extract
prepared in an industrial scale (50 kg dry leaves) was compared with a commercial extract
of C. asiatica produced in Korea. The HaCaT cell (2 mL) culture with 0.5 x 10° cells/mL
was seeded into a 6-well plate and incubated overnight. The extracts of S. formosum and
C. asiatica were added into the cell culture as a final concentration of 15 ug/mlL, then the
cells were incubated 6 h more. One milliliter of Dulbecco’s phosphate buffer saline (DPBS,
WELGENE, Daegu, Korea) was added after removing the culture medium. Ultraviolet-B
was radiated on the HaCaT cells with the intensity of 20 mJ/cm? for 30 s. DPBS was replaced
with serum-free Dulbecco’s Modified Eagle’s Medium (Gibco, Waltham, MA, USA), then the
cells were further incubated for 18 h. The cell culture was conducted with 5% CO, at 37 °C.

After harvesting the cultured cells, total RNA was extracted with AccuPrep® Universal
RNA Extraction Kit (Bioneer, Daejeon, Korea), and cDNA library was prepared with reverse
transcription mix (5x Master Premix, Elpis-Biotech, Daejeon, Korea). For the PCR, actin
was used as a house keeping gene to compare relative mRNA levels of proinflammatory
genes. Sequences of PCR primers of IL-1§3, IL-6, IL-8, COX-2, and a housekeeping gene,
actin, are given in Table 1.
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Table 1. Sequences of PCR primers of IL-1§3, IL-6, IL-8, COX-2, and a housekeeping gene, actin.

No Gene Forward Reverse
1 Actin GGC GGA CTATGA CTT AGT TG AAC AAC AAT GTGCAATCA A
2 IL-1B GGG CCT CAA GGA AAAGAATC TTC TGC TTG AGA GGT GCT GA
3 IL-6 AGG AGA CTT GCC TGG TGA AA CAG GGG TGG TTATTG CATCT
4 1L-8 TCT GTG TGA AGG TGC ACTT AGC CCTCTT CAA AAACTTCT
5 COX-2 GGT CTG GTG CCT GGT CTG ATG GTC CTT TCA AGG AGA ATG GTG C

2.7. Antibacterial Effect of Syzygium formosum Leaves

The industrial scale extract of S. formosum leaves was used for the antibacterial activ-
ity assays.

2.7.1. Antibacterial Assay on Staphylococcus Species

S. aureus (ATCC 25923) and S. epidermidis (KCTC 1917) were used to determine the
antibacterial activity. Stock cultures of strains were stored in frozen medium at —70 °C.
Strains were firstly seeded into a fresh Cation adjusted Mueller-Hinton broth (CAMHB)
and incubated at 37 °C with shaking 200 rpm for 12 h.

The antibacterial agent (mupirocin) and extracts were dissolved in the dimethyl
sulfoxide (DMSO, Junsei). CAMHB (1600 pL) and 200 pL of antibacterial agent or extract
were dispensed into the 24-well plate. Bacterial solution (200 uL), which was adjusted the
concentration to ODsg5 = 0.4-0.6, was added to the mixed solution. The final concentration
of DMSO was controlled to 5%. The 24-well plate was incubated at 37 °C with shaking
180 rpm. Bacterial growth inhibitory effect was monitored by measuring the OD595 every
2 h. Negative control was wells containing media adjusted 5% of DMSO concentration and
bacterial suspension. Positive control was mupirocin. Minimum inhibitory concentration,
MICs, values were determined the concentrations of antibacterial agent or the extract that
inhibit 50% of the strains.

2.7.2. Antibacterial Assay on Cutibacterium acnes

Cutibacterium acnes used for culturing was stored at —80 °C. For activation, C. acnes
was cultured on BHI (Brain Heart Infusion, Bifco) agar in anaerobic chamber at 37 °C for
48 h. A single colony of C. acnes was inoculated on BHI broth for the preculture allowing to
grow cell OD (optical density) up to 1.5. The C. acnes in the BHI broth were diluted from
10! to 108 for the inoculation on the colony counting plate.

To identify the antibacterial effect of S. formosum leaf extract on C. acnes, 3 types of
modifications of the BHI media were prepared. A negative control regular BHI media has
been used. Modified BHI with 1% (v/v) of 70% ethanol and 0.05% (w/v) S. formosum leaf
extract by 70% ethanol was used for the growth inhibition study. Plates were prepared
in triplicates for both the controls and the S. formosum test. One-hundred microliters
of preculture containing logarithmically growing C. acnes was spread onto each plate.
All media were incubated in the 37 °C anaerobic chamber for 24 h, then the colonies
were counted.

2.8. Data Analysis

The MS data were analyzed using Agilent Mass Hunter Quantitative Analysis, version
B.07.01. SP1 (Agilent). The data were expressed as a mean =+ standard deviation. All
statistical analyses were performed using IBM SPSS statistics 24 (IBM, Armonk, NY, USA).

3. Results
3.1. Phytochemical Profiling of Syzygium formosum Leaves Using LC-MS/MS

The phytochemicals in S. formosum leaves were tentatively identified based on the
retention time and mass to charge (1m/z) ratio using both positive and negative ionization
full scan modes. In the scan mode, we can find that glycoconjugates of myricetin and
quercetin were the main flavonoids detected in the SF leaves extract. Meanwhile, phenolic
acid was primarily exhibited to be gallic acid. Similarly, some triterpenoid aglycons were
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predicted to be present in this material. For further confirmation, reference standards
corresponding to expected compounds were purchased and simultaneously analyzed.

In a mass spectroscopic analysis, positive-ion mode has been used for the analysis
of flavonoid and triterpenoid demonstration as more intense signals were achieved as
the protonated molecular ions, [M+H]*; in contrast, the negative-ion mode, [M—H]~,
was used for phenolic acids due to its fewer signals. The fragmentation of the expected
compounds was conducted by product ion scan and the major fragment ions were se-
lected based on their high intensity and were used under the multiple reaction monitoring
(MRM) condition for quantitative analysis. Table 2 summarized the parameters of the
compounds identified in S. formosum leaves. Twenty components found in the SF leaf
extract including eight flavonoids, three phenolic acids, and nine triterpenoids were con-
firmed based on a comparison of reference standards and MS/MS analysis (Figure 1,
Supplementary Figures S1 and S2). MS/MS fragmentation of phenolic components and
triterpenoids is presented in Supplementary Figure S3.

Table 2. List of phenolic compounds and triterpenoids detected in Syzygium formosum leaves by UPLC-MS/MS.

Groups Compounds Molecular Formula Retention Time (min) II’recursor Product
on (m/z) Ions (m/z)
Catechin C15H1406 1.52 291.1 [M+H]* 139, 123
EGCG Cx»nH;15011 2.46 459.0 [M+H]* 139, 289
Mpyricetin glucoside Cy1Hp9O13 4.06 481.1 [M+H]* 319, 145
. Myricetin rhamnoside C1Hp0O12 5.49 465.1 [M+H]* 319,129
Flavonoids Quercetin glucoside Cy1HayoOra 6.02 465.1 [M+H]* 303, 145
Quercetin arabinoside CyoH15011 6.79 435.1 [M+H]* 303, 133
Quercetin rhamnoside Cp1Hp0011 6.97 449.0 [M+H]* 303, 129
Quercetin Ci5H10O5 8.30 303.1 [M+H]* 153, 137
Gallic acid C7HgOs5 1.15 168.9 [M—H]~ 125,79
Phenolic acids 3,4-DHBA C;H4O4 1.77 153.0 [M—H]~ 109, 91
p-coumaric acid CoHgO3 5.57 1629 [M—H]~ 119,93
Madecassic acid C30Hy0¢ 3.68 469.3 [M—2H,O0+H]* 189.1, 235.1
Asiatic acid Cs0Hus0s5 461 453.3 [M-2H,O+H]* 187.1,203.1
Hederagenin 7.08 455.3 [M—H,O+H]* 177.1,189.1
Maslinic acid CsoHusOs 8.53 4553 [M—H,0+H]* 189.1,203.1
Triterpenoids Corosolic acid 8.93 455.3 [M—H,O+H]* 189.1, 205.1
Betulin Cs0Hs00, 11.71 4253 [M—H,O+H]* 191.1,217.1
Betulinic acid 12.66 439.3 [M—H,O+H]* 137.1,191.1
Oleanolic acid CsoHugOs 13.67 439.3 [M—H,O+H]* 191.1, 203.1
Ursolic acid 13.98 439.3 [M—H,O+H]* 191.1,203.1

We used both UV spectrometric and mass spectrometric methods to determine the
phytochemicals in the SF leaves. To determine the major components of potential flavonoids
and phenolics, a UV detector which coupled with mass spectrometry has been used
at the wavelength of 370 nm. Then, the components were primarily identified by the
molecular ion mass and fragmentation pattern at positive mode as well as the comparison
of retention time with the reference standard. For example, a positive molecular ion at m/z
291, and product ions at m/z 139 and 123, were initially determined as catechin or its isomer
epicatechin, then we confirmed it to be catechin based on the reference standard.

Structural isomers could be determined by the MS/MS analysis without reference
standards. By extraction of molecular ion mass of m/z 435.1, three independent peaks
were found at different retention time (Figure 1A). Among three peaks, one with the
retention time of 6.79 min was identified as quercetin-arabinose by reference standard.
Showing the unique fragmentation pattern in MS/MS spectra, two isobaric components
were determined to be a quercetin-pentose glycoconjugate (Figure 1B). Those possibly could
be a linkage isomer of quercetin-arabinose or different glycoconjugate such as quercetin-
xylose. Similarly, when extracting molecular ion mass of m/z 465.1, three peaks appeared
at different time. Two among them with the retention time of 5.49 min and 6.02 min
were confirmed to be myricetin-rhamnose and quercetin-glucose, respectively, based on
a comparison of reference standards. By observing in MS/MS spectra, one remaining
compound was glycoconjugate of quercetin with a hexose moiety. This compound could be
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a linkage isomer of quercetin-glucose. Regarding the precursor ion mass of m/z 481.1, a peak
with the retention time of 4.06 min was identified as myricetin-glucoside by a reference
standard. Additionally, one isobaric component was also found at different retention time,
and it was determined as a myricetin-hexose glycoconjugate that was predicted to be a
linkage isomer of myricetin-glucose.
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Figure 1. (A) The total ion (TIC), UV, and extracted-ion (EIC) chromatogram in the positive scan mode,
(B) The product ion scan (PIS) chromatogram of flavonoids in Syzygium formosum leaves (1-catechin,
2-EGCG, 3-myricetin glucoside, 4-myricetin rhamnoside, 5-muercetin glucoside, 6-muercetin arabi-
noside, 7-muercetin rhamnoside, 8-quercetin; peaks from a—d: unknown flavonoids).

Under extracted ion chromatogram of m/z 303.1, in addition to a peak that appeared at
the retention time of 8.30 min, which was confirmed to be quercetin aglycon by a reference
standard, there were some other peaks with the same mass found at different retention
time. The m/z 303.1 was the product ion mass formed by the fragmentation of precursor
ions including glycoconjugates of quercetin based on the MS/MS spectra. By extraction
of molecular ion mass of m/z 459.0, we can see that some independent peaks appeared
at distinct retention time. A peak with retention time at 2.46 min was confirmed to be
epigallocatechin gallate (EGCG) when comparing to retention time of a reference standard.

For phenolic acids, from peak 1 to peak 3 shown in Supplementary Figure S1, the
deprotonated molecular ions were m/z 169, m/z 153, and m/z 163, and their corresponding
product ions were m/z 125, m/z 109, and m/z 119. These fragment ions were formed by losing
carbonyl group (-COQO) and based on the reference standards we can conclude that three of
these peaks were gallic acid, 3,4-dihydrobenzoic acid, and p-coumaric acid, respectively.

For triterpenoids, nine triterpene acids were found in S. formosum leaves. During
positive-ion mass spectrometry, the protonated molecular ions with losing two water
molecules of peak 1 and peak 2 demonstrated molecular ion mass of m/z 469.3 and 453.3,
respectively (Supplementary Figure S2). Peaks from 3 to 5 with the same molecular ion
mass of m/z 455.3 that was formed by the protonation with losing one water molecule.
Similarly, peaks from 7 to 9 had the same molecular ion mass of m/z 439.3; meanwhile,
peak 6 had the m/z of 425.3. Most of these compounds performed the fragmentation in
similar ways thereby generated the product ions with the same mass. By comparison
of the retention time with the authentic standards, these compounds were confirmed
to be madecassic acid, asiatic acid, hederagenin, betulin, betulinic acid, maslinic acid,
corosolic acid, oleanolic acid, and ursolic acid corresponding to peaks from 1 to 9. The



Appl. Sci. 2021, 11, 10552

9o0f 16

fragmentation pathways of detected triterpenoids in the SF leaves were illustrated in
Supplementary Figure S3.

3.2. Method Validation

The quantification of the identified compounds was implemented under the mul-
tiple reaction monitoring (MRM) condition and by a comparison of peak areas with
calibration curves from corresponding standard compounds. The results showed that
the calibration curves of most standards exhibited the regression coefficients with a high
R?-value (R? > 0.997). The limit of detection (LOD) of most of analytes was in the range of
1.0-5.0 pug/L and limit of quantification (LOQ) ranged 3.0-15.0 ug/L, except for gallic acid
and betulinic acid which exhibited the limit of detection at 10 ug/L. The values expressed
a high sensitivity of analytical method. The recovery values of most compounds were
~100%, except for quercetin and gallic acid with ~80% (Supplementary Table S2).

3.3. Phytochemical Composition in Syzygium formosum Leaves

Syzygium formosum is mainly distributed through the Northern region in Vietnam. In
this study, the SF leaves collected from Hanoi in October of 2019 and Phu Tho in February of
2020 were analyzed. Phu Tho is a mid-land and mountainous province in the Northwestern
part of Vietnam and it is about 90 km Northwest of Hanoi.

3.3.1. Flavonoids

The SF leaves collected at the Hanoi area had a higher content of flavonoids with
2.72 + 0.24 mg/g dry leaf. This is 1.5-fold more than the sample collected in the Phu Tho
area with 1.85 £ 0.11 mg/g dry leaf (p < 0.05).

Except for catechin and EGCG, myricetin glycoside and quercetin glycoside were iden-
tified from SF leaves (Table 3). Myricetin-3-O-rhamnoside was 54% of the total flavonoids
in the Hanoi sample, followed by catechin and quercetin-3-O-arabinoside each of which
were ~20% of the total. Meanwhile, the Phu Tho sample contained ~60% catechin and
30% myricetin-3-O-rhamnoside, five times higher than that of quercetin-3-O-arabinoside.
Generally, catechin, myricetin-3-O-rhamnoside, and quercetin-3-O-arabinoside were the
three dominant flavonoids of the SF leaves in both samples. The results also showed that
the contents of the remaining individual flavonoids in the Hanoi sample were 2-3 folds
higher than those in the Phu Tho sample.

Table 3. Phenolic compound contents (mg/g dry leaf) in Syzygium formosum leaves.

Sampling Area
Group Analytes
Phu Tho Ha Noi
Catechin 1.09 +0.132 0.41 £ 0.08°
EGCG 0.03 +£0.00 2 0.0240.002
Myricetin glucoside 0.04 +0.00° 0.07£0.012
Flavonoids Myricetin thamnoside 0.524+0.00° 147 £0.172
Quercetin glucoside 0.02 +0.00° 0.06 + 0.00
Quercetin arabinoside 0.11 £ 0.02b 0.56 +0.052
Quercetin rhamnoside 0.02 £0.00b 0.06 +0.00 2
Quercetin 0.02 4 0.00° 0.07 +0.01°
Total 1.854+0.11°P 272+0242
Gallic acid 0.85+0.09° 078 £0.15%
o 3,4-DHBA 0.04 £0.00° 0.03 £0.0172
Phenolic acids p-Coumaric acid 0.01 +0.00 2 0.01 +0.002
Total 0.89 +£040° 0.81+0.71°

a,b

mean =+ standard deviation.

means followed by the different letters in a row are significantly different at p < 0.05. Values are expressed as a
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3.3.2. Phenolic Acids

Gallic acid, 3,4-dihydrobenzoic acid, and p-coumaric acid were the phenolic acids
found in Syzygium formosum leaves. Total phenolic contents between Hanoi and Phu
Tho sample was not significantly different each with approximately 0.85 mg/g dry leaf
(p < 0.05). It was less than half of the flavonoids and only 4-6% of triterpenoids. Gallic
acid was the most abundant component consisting 95% of total phenolic acid content. The
content of gallic acid in the Phu Tho sample was 0.85 £ 0.09 mg/g dry leaf, which was
similar to the Hanoi batch with 0.78 £ 0.15 mg/g dry leaf (Table 3).

3.3.3. Triterpenoids

Triterpenoids were the most abundant phytochemicals identified in SF leaves showing
84% of total phytochemicals. Triterpenoids in Hanoi and Phu Tho samples were similar:
19.00 & 1.51 and 14.18 £ 1.15 mg/g dry leaf, respectively, which occupied 84% of total
phytochemicals (Table 4).

Table 4. Triterpenoid contents (mg/g dry leaf) in Syzygium formosum and Centella asiatica leaves.

Syzygium formosum Centella asiatica
Triterpenoids
Phu Tho Ha Noi Indonesia Korea
Madecassic acid 0.24 +£0.02°¢ 0.4140.01° 2.02+0.032 0.53+0.11°
Asiatic acid 278 £0.23¢ 8.59 +0.48? 3.83 +0.41° 0.81+0.104
Hederagenin 0.02+0.00° 0.05+0.002 ND ND
Maslinic acid 0.89 +0.08® 126 £0.082 ND ND
Corosolic acid 319+0.18° 391 +0452 ND ND
Betulin 0.11+0.00° 0.154+0.022 ND ND
Betulinic acid 6.144+0.49° 3.58 +£0.23° ND ND
Oleanolic acid 0.19 +0.04° 0.27 £0.022 ND ND
Ursolic acid 0.6240.11P 0.78+0.152 ND ND
Total 1418 +£ 1.15° 19.00 £1.51% 5.85 4+ 0.44 ¢ 134+ 0214

ND: No detection. &b ¢4 means followed by the different letters in a row are significantly different at p < 0.05.
Values are expressed as a mean =+ standard deviation.

Nine triterpenoids were found in SF leaves. Asiatic acid, corosolic acid, and betulinic
acid were the three most abundant ones. Betulinic acid composed over 40-45% of total
triterpenoids, followed by asiatic acid and corosolic acid each of which were occupying
about 20% of the total. Ursolic and maslinic acid was present at ~1.0 mg/g dry leaf.
In addition, madecassic, oleanolic acid, hederagenin, and betulin were found less than
0.5mg/g dry leaf.

Overall quantitative profiles of nine triterpenoids between the samples from two
different regions were similar. However, the SF leaves from Phu Tho area contained more
betulinic acid and less asiatic acid than the samples obtained from Hanoi. The asiatic acid
concentration from the Hanoi sample was 8.59 &+ 0.48 mg/g dry leaf which was 3.1-fold
higher than the sample from Phu Tho. Meanwhile, the SF leaves from Phu Tho contained
1.7-fold more betulinic acid than the Hanoi sample with 6.14 4= 0.49 mg/g dry leaf.

3.4. Comparison of Triterpenoids between Syzygium formosum and Centella asiatica Leaves

Centella asiatica is a herbaceous medicinal plant recognized as an important drug
by the Indian Herbal Pharmacopoeia, European Pharmacopoeia, Pharmacopoeia of the
People’s Republic of China, and German Homoeopathic Pharmacopoeia [25]. It has been
used to relieve skin rashes, heal wounds, and sooth itching. The functional molecule
of Centella asiatica has been reported the triterpenoids, particularly the asiaticosides. To
compare the triterpenoid profiles and contents, C. asiatica leaves from Indonesia and Korea
were analyzed and compared to S. formosum leaves.

While nine triterpenoid compounds were found in the ethanolic extracts of S. formosum
leaves, only asiatic acid and madecassic acid were found in C. asiatica samples from both
Indonesia and Korea.
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The results showed that the triterpenoid content in Korea C. asiatica was significantly
lower than in other countries. The concentration of masdecassic acid was 0.53 &+ 0.11 mg/g
dry leaf that was similar or slightly higher than that observed in Vietnam samples. However,
the asiatic acid concentration in the Korean sample was less than 1.0 mg/mL, showing
only 9-30% of other samples from Vietnam and Indonesia. The madecassic acid content
in Indonesia samples were 5- to 10-fold higher than that of other countries. Asiatic acid
concentration was also higher than the samples from Korea and Phu Tho region, albeit no
other triterpenoids were found including their hexose or pentose glycoconjugates (Table 4).

3.5. Anti-Inflammatory Effects of Syzygium formosum

S. formosum leaf extract and C. asiatica extract did not exert significant cytotoxicity up
to 20 pg/mL on the human keratinocyte cell line, HaCaT (data not shown). To evaluate
its anti-inflammatory effects, the S. formosum leaf extract was treated with 15 pg/mL of
final concentration on HaCaT, which was radiated with UVB to induce proinflammatory
responses. A commercial product of C. asiatica extract was also used for the experiment.

mRNA levels of proinflammatory cytokines IL-1f3, IL-6, and IL-8 were greatly reduced
by 15 ug/mL of S. formosum leaf extract, while C. asiatica extract did not induced any
significant changes of cytokine expressions. COX-2 was also downregulated by S. formosum,
but the reduction was not great compared with the three cytokines (Figure 2).

A) B)
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Figure 2. Relative mRNA expression of proinflammatory cytokines (A-C) and COX-2 (D) after
treatment of Syzygium formosum leaf extract or Centella asiatica extract on the HaCaT cells radiated
with ultraviolet-B. Gene expression levels were compared with a house keeping gene, actin. Statistical
significance (p < 0.01) is indicated with double asterisks (**).
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3.6. Antibacterial Effect of Syzygium formosum Extract

Antibacterial effect of S. formosum leaf extract was evaluated on the bacteria which
might induce serious skin problems such as atopic dermatitis and acne. First, MICsq of
the SF extract was determined on the S. aureus and S. epidermidis. The SF extract had
strong antibacterial activities on Staphylococcus genus, and MIC50 was 95.52 ug/mL and
78.83 ug/mL against S. aureus and S. epidermidis, respectively. Mupirocin, pesudomonic
acid A, was used as a positive control. Unlike mupirocin, the SF extract showed similar
antibacterial effects on the two strains (Figure 3).

A, B) 100-
MICsg = 95.52 pg/ml . MICs50 = 0.20 pg/ml
—~ 804 < 804
g £
2 60- £ 60-
3 5
S 40 $ 401
3 K
O 204 O 201
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16 18 20 22 24 26 ) 15 10 05
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C) D) 100-
1004 M|C50 =0.02 ug/ml
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< >
2 60 £ 60
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£ ool
= ©
O 204 . .. © 204 . ..
S. epidermidis S. epidermidis
0 T ] 1 c T T T 1
15 20 25 25 2.0 15 1.0 -0.5
Log [Concentration (ug/ml)] Log [Concentration (ng/ml)]

Figure 3. Antibacterial effects of the Syzygium formosum leaf extract (A,C). Important skin bacteria
Staphylococcus aureus and S. epidermidis were used. The commercial antibacterial drug, mupirocin
was used as a positive control (B,D). Minimal inhibition concentration 50 (MICs;) was estimated and
given in each graph.

The antibacterial activity of S. formosum leaf extract was also investigated for C. acnes.
The number of bacteria obtained by spreading on each plate were presented in Table 5.
When the number of colonies was over 250 on the plate, it was marked >250. In BHI media,
the average number of 181 + 12 colonies (182, 196, 166) were found at 10° dilutions. In
BHI with the 1% (v/v) of 70% ethanol, the similar but slightly fewer colonies with 113 4= 19
(95, 105, 140) on average were counted at same dilutions. However, with S. formosum leaf
extract, only a couple of colonies (3, 4, 0) were found at 10° dilutions showing 99.999%
(10~°-fold) sterilization efficacy.

Table 5. The number of Cutibacterium acnes colonies per dilution of each media treated with the
Syzygium formosum extract.

Diluti
: TR g8 10* 10° 106 CFU/mL
Media
BHI >250 >250 >250 1814+12  1.8+0.1 x 10°
BHI + vehicle only # >250 >250 >250 113+19 11402 x 10°
BHI + Syzygium extract 1.7+15 0 0 0 1.7 £1.5 x 10*

@ Final 0.75% ethanol was used.
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4. Discussion

For many decades, medicinal herbs have attracted the interest of scientists as they pos-
sess various bioactive phytochemical constituents including phenolics, alkaloids, flavonoids,
tannins, saponins, and triterpenoids which exhibit positive pharmacological functionalities
on the human body.

In this study, we have aimed to provide more comprehensive information of bioac-
tive compounds in Syzygium formosum regarding the cosmetic or dermatological uses for
soothing or relieving the rashes, itching, atopic dermatitis or psoriasis, anti-inflammatory,
and anti-bacterial activities. By the UVB-induced HaCaT inflammation model, it has been
clearly demonstrated that the extract of S. formosum has great anti-inflammatory effects.
When compared with C. asiatica which is currently proven to be effective, S. formosum leaf
extract exhibited higher efficacy in the down-regulations of IL-1f3, IL-6, and IL-8 expres-
sions. In the stratum corneum and fibroblasts, IL-1(3 is a major cytokine affecting skin
condition. IL-6 and IL-8 are also important in proinflammation responses of skin.

In addition, S. formosum leaf extract also showed a great antibacterial effect on S. aureus
and C. acnes that is commensal skin bacteria species. Especially, by adding the S. formosum
leaf extract, the growth of C. acnes growth was significantly suppressed showing the efficacy
of 10° magnitudes that suggest the 99.999% sterilization. S. aureus generates toxins which
could aggravate symptoms of atopic dermatitis. Proliferation of C. acnes is regarded as
the main factor correlated with a severe form of acne. Therefore, controlling S. aureus and
C. acnes is very important for skin health.

Despite the effective functionalities, there have been few in-depth studies on the
comprehensive and systemic analysis of phytochemical components in S. formosum leaves.
In our study, twenty phytochemical components including eight flavonoids (catechin,
epigallocatechin gallate, quercetin aglycone, glycoconjugates of quercetin, and myricetin),
three phenolic acids (gallic acid, 3,4-dihydrobenzoic acid, p-coumaric acid), and nine
triterpenoids (madecassic acid, asiatic acid, hederagenin, maslinic acid, corosolic acid,
betulin, betulinic acid, oleanolic acid, and ursolic acid) were identified in S. formosum
leaves. Besides, four different glycoconjugates of quercetin and myricetin were determined
as well. Each component of flavonoids, phenolic acids, and triterpenoids was quantified
by the MRM using QQQ-MS/MS. Among the twenty-four compounds identified in the
SF leaves, epigallocatechin gallate, p-coumaric acid, madecassic acid, hederagenin, and
betulin were the five phytochemical components firstly recognized in our study.

S. formosum leaf contained a broad spectrum of triterpenoids derived from lupeol and
amyrin. Betulin and betulinic acid, which is one of the major triterpenoids in the SF leaves,
are derived from lupeol and are known to be major functional constituents in birch extract
that has been used in cosmetic and herbal essence products [26,27]. Derived from 3-amyrin,
oleanolic acid is a precursor of maslinic acid and hederagenin, and importantly, ginsenoside
Pg, Pq, and Pj [28]. Maslinic acid is abundant in the wax-like coating of the leaves and
fruits of olive and is reported to exhibit anti-cancer and anti-inflammatory activities [29,30].
Instead of 3-conformation, ursolic, corosolic, asiatic, and madecassic acids are synthesized
by the sequential hydroxylation from the x-amyrin. Ursolic acid was a precursor of
madecassic and asiatic acid and has been widely found in the peels of fruits and herbs [31].
Although the systematic human clinical trial has not been evaluated, numerous beneficial
effects on health and disease were reported such as anti-inflammatory, antioxidant, anti-
carcinogenic, antiobesity, antidiabetic, cardioprotective, neuroprotective, hepatoprotective,
anti-skeletal muscle atrophy, and thermogenic effects [31,32]. The hydroxylated ursolic
acid is corosolic acid. Corosolic acid is known to the main active constituents of Banaba,
Lagerstroemia speciosa, that exhibit antidiabetic activity. With the oleanolic and maslinic
acid, corosolic acid could inhibit the glycogen phosphorylase and consequently lower the
blood glucose level in adrenaline-induced diabetic mice [33,34]. Asiatic acid is also one
of the most abundant triterpenoids in SF leaves. With the madecassic acid, asiatic acid is
a major functional phytochemical in Centella asiatica. It has been used cosmetically and
pharmaceutically in skin and dermatological diseases.
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Centella asiatica has currently been used as a commercial cosmeceutical ingredient.
Compare to the C. asiatica grown in south and east Asia, S. formosum leaves were found
to have more diverse and higher amounts of triterpenoids. While only asiatic and made-
cassic acid were identified, nine different triterpenoids were found from SF leaves extract.
The asiatic acid and madecassic acid concentrations in SF leaves were similar or higher
concentrations than those in C. asiatica. Only madecassic acid in the C. asiatica grown in
Indonesia contained 5- to 10-fold more than SF leaves showing a similar amount to the
asiatic acid. Seven additional triterpenoids in SF leaves were extraordinary, however, their
amounts were not negligible as well. The concentrations of betulinic and corosolic acid
were 3.2-6.1 mg/g dry leaf that was a similar amount of asiatic acid. Betulinic acid and
corosolic acid have strong beneficial functionalities. Recent studies have provided evidence
that betulinic acid ameliorates psoriatic symptoms and skin inflammation in psoriatic mice,
thereby suggesting the compound could be a natural anti-psoriatic drug for treating human
psoriasis [35,36]. Corosolic acid is also a triterpenoid widely found in plants and is known
to regulate various cellular processes such as cellular oxidative stress and signaling kinase
in some diseases, including skin cancer [37].

For analysis of phenolic compounds, myricetin-3-O-rhamnoside, a member of the
flavonol class of the flavonoids, was the most abundance compound with ~50% of total
flavonoids in S. formosum leaves, followed by quercetin-3-O-arabinoside with 20% of the
total. Meanwhile, catechin, a flavanol, was found to be a dominant component with 20-60%
of the total flavonoids in this plant. Myricetin-3-O-rhamnoside is thought to offer a variety
of potential health benefits, displaying anti-mutagenic, anti-inflammatory, antioxidant,
and antinociceptive activities [38]. Catechin is widely known to be a biologically active
compound of green tea. Catechins have many benefits including prevention or reduction
of skin damage [39,40]. Additionally, the three components of phenolic acids including
gallic acid, 3,4-dihydrobenzoic acid, and p-coumaric acid were found in S. formosum leaves.
Among them, gallic acid consisted of 95% of total phenolic acid content in S. formosum
leaves. Recently, some studies have reported that gallic acid brought new perspective
efficacy in cosmetics and nanocosmeceuticals [41]. Its anti-inflammatory properties make it
valuable components to prevent inflammatory-status diseases such as skin inflammation,
wound healing, skin infections [42—44].

In summary, the quantitative analysis of bioactive phytochemicals in S. formosum leaf
extract was first performed in our study. S. formosum exhibited high levels of phytochemi-
cals as well as its anti-inflammatory effect and antibacterial capacity, which make the SF
leaves attractive for pharmacological and cosmetic applications in the future.

5. Conclusions

In this study, the detailed phytochemical profiling of S. formosum leaves was conducted.
Our results showed that this plant contains valuable secondary metabolites including eight
flavonoids, three phenolic acids, and nine triterpenoids. Our study is the first report
involving the quantitative analysis of functional phytochemicals identified in the ethanolic
extracts of S. formosum leaves as well as comparative analysis with the ethanolic extracts
of C. asiatica leaves derived from Indonesia and Korea. The total content of functional
phytochemical groups in the SF leaves was significantly higher than that in C. asiatica
leaves. The high content of bioactive compounds in the SF leaves as well as the exhibition of
biological functionalities of the SF leaves such as anti-inflammatory and antibacterial effects
can explain its traditional use for the treatment of some skin-related diseases in Vietnam.
S. formosum could be a promising potential candidate for cosmetic and pharmacological
applications in the future.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/app112210552 /51, Table S1: The MRM parameters and MS/MS transitions for analysis
of phenolic compounds and triterpenoids; Table S2: Regression equations and coefficients, linear
ranges, limit of detection, limit of quantification, and recovery of the analytes; Figure S1: The MRM
chromatogram of detected phenolic acids in Syzygium formosum leaves (A: Mixed standard, B: Sample;


https://www.mdpi.com/article/10.3390/app112210552/s1
https://www.mdpi.com/article/10.3390/app112210552/s1

Appl. Sci. 2021, 11, 10552 15 of 16

1-Gallic acid, 2-3,4-dihydrobenzoic acid, 3-p-coumaric acid); Figure S2: The MRM chromatogram of
detected triterpenoids in Syzygium formosum leaves (A: Mixed standard, B: Sample; 1-Madecassic acid,
2-Asiatic acid, 3-Hederagenin, 4-Maslinic acid, 5-Corosolic acid, 6-Betulin, 7-Betulinic acid, 8-Oleanolic acid,
9-Ursolic acid); Figure S3: Proposed fragmentation of phenolic compounds (A) and triterpenoids
(B and C) in Syzygium formosum leaves.
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