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W N e

Abstract: Salix species, including willow trees, are distributed in the temperate regions of Asian
countries, including Republic of Korea. Willow trees are used to treat pain and inflammatory dis-
eases. Due to the medicinal properties of willow trees, pharmacological studies of other Salix spp.
have gained attention; however, only a few studies have investigated the phytochemicals of these
species. As part of our ongoing natural product research to identify bioactive phytochemicals and
elucidate their chemical structures from natural resources, we investigated the marker compounds
from indigenous Korean Salix species, namely, Salix triandra, S. chaenomeloides, S. gracilistyla, S. ko-
riyanagi, S. koreensis, S. pseudolasiogyne, S. caprea, and S. rorida. The ethanolic extract of each Salix
sp. was investigated using high-performance liquid chromatography combined with thin-layer
chromatography and liquid chromatography—mass spectrometry-based analysis, and marker com-
pounds of each Salix sp. were isolated. The chemical structures of the marker compounds (1-8),
3-(4-hydroxyphenyl)propyl -D-glucopyranoside (1), 2-O-acetylsalicin (2), 1-O-p-coumaroyl glu-
coside (3), picein (4), isograndidentatin B (5), 2’-O-acetylsalicortin (6), dihydromyricetin (7), and
salicin (8) were elucidated via nuclear magnetic resonance spectroscopy and high-resolution liquid
chromatography-mass spectrometry using ultrahigh-performance liquid chromatography coupled
with a G6545B Q-TOF MS system with a dual electrospray ionization source. The identified marker
compounds 1-8 were examined for their antimicrobial effects against plant pathogenic fungi and
bacteria. Dihydromyricetin (7) exhibited antibacterial activity against Staphylococcus aureus, inducing
32.4% inhibition at a final concentration of 125 pg/mL with an MICs, value of 250 pug/mL. Overall,
this study isolated the marker compounds of S. triandra, S. chaenomeloides, S. gracilistyla, S. koriyanagi,
S. koreensis, S. pseudolasiogyne, S. caprea, and S. rorida and identified the anti-Staphylococcus aureus
bacterial compound dihydromyricetin.

Keywords: Salix species; marker compound; LC/MS; antimicrobial effects

1. Introduction

The genus Salix comprises approximately 500 species of deciduous trees and shrubs
distributed in the temperate regions of Asian countries, including Republic of Korea, and
willow trees are the most representative plants of this genus [1]. Willow trees have been
used for the treatment of pain and inflammatory diseases as their barks possess anti-
inflammatory metabolites, such as salicylic acid, which is useful as a natural source of
aspirin [2,3]. Owing to the use of willow trees for medicinal purposes, pharmacological
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studies of Salix spp. have gained attention, and many studies have demonstrated their
biological and beneficial effects, including anti-inflammatory, antitumor, antioxidant, and
antiobesity effects [4—7]. Specifically, salicin derivatives identified from Salix spp. exert
anti-inflammatory effects by inhibiting lipopolysaccharide (LPS)-induced nitric oxide (NO)
production in BV2 microglial cells [8].

Salix triandra, also known as almond willow, is native to Western and Central Asia and
Europe. It is also used as a basket-making material. A pharmacological study of S. triandra
reported that S. triandra leaf extract showed antioxidant activity by promoting the removal
of 1,1-diphenyl-2-picrylhydrazyl (DPPH) [9]. Despite its health benefits, only a few studies
have been conducted on the chemical constituents of S. triandra. S. chaenomeloides (also
known as S. glandulosa), commonly called pussy willow, an indigenous plant found in East
Asia. A previous phytochemical investigation of S. chaenomeloides reported the presence of
phenolic glycosides and salicin derivatives [10,11], which showed inhibitory effects on NO
production and anti-neuroinflammatory effects in LPS-activated murine microglial cells.
S. gracilistyla is distributed along river coasts. Its stems and leaves are used in traditional
medicine to treat skin diseases, wounds, and rooting arthritis, and its bark is used as a
painkiller [12]. A pharmacological study of S. gracilistyla reported that the S. gracilistyla
extract showed anti-inflammatory activity by inhibiting NO production in LPS-activated
macrophages [13]. In addition, S. gracilistyla extracts can be used as effective cosmetic
ingredients due to their antioxidant and skin-whitening activities [14]. However, only
a few studies have been conducted on these phytochemicals. S. koriyanagi is found in
fertile moist soil near rivers, streams, and valleys, and is generally called winnow willow,
implying that the bark of this tree can be used to make winnowing baskets and traditional
crafts [15]. S. koriyanagi is an endemic Korean species owing to its isolated distribution
and high conservation priority [16], and few studies have investigated its pharmacolog-
ical activities and phytochemicals. S. koreensis, also known as the Korean willow, grows
along most rivers in Korea [17]. S. koreensis is traditionally used for brushing teeth after
meals to clean the oral cavity and prevent oral inflammation and tooth decay [18]. A phar-
macological study of S. koreensis reported that the S. koreensis extract showed anticancer
activity by inhibiting cell growth and promoting apoptosis in human colon and lung cancer
cells [19]. S. koreensis extract also showed antioxidant, anti-inflammatory, and hepatopro-
tective effects [20-22]. Despite its diverse pharmacological effects, only a few studies have
investigated the chemical constituents of S. koreensis. S. pseudolasiogyne, also known as the
weeping willow, is mostly found in Asian countries, including Republic of Korea. It is used
as a traditional Korean medicine for the treatment of pain and fever [23] Recent pharmaco-
logical studies have revealed that extracts of S. pseudolasiogyne twigs exert antiadipogenic
and anti-amnesic effects [24,25]. Previous phytochemical investigations revealed salicin
as the primary constituent of S. pseudolasiogyne twigs and reported salicin derivatives,
such as 2’-O-acetylsalicin, salicortin, 2’-O-acetylsalicortin, 3'-O-acetylsalicortin, and 6'-O-
acetylsalicortin, in S. pseudolasiogyne extracts [8,24]. S. caprea, also known as the goat willow,
is mostly found in European and Asian countries, including Republic of Korea. It is used
in traditional Korean medicine for the treatment of pain and fever. Recent pharmacological
studies have revealed that the EtOH extract of S. caprea flowers shows antioxidant activity to
dose-dependently scavenge DPPH, superoxide (O2-—), and hydrogen peroxide (H,O5) [6]
and that S. caprea extract inhibits 7,12-dimethyl benz[a] anthracene-induced phorbol ester-
promoted skin carcinogenesis [4]. However, only a few phytochemical studies have focused
on S. caprea. Finally, S. rorida is a deciduous tree and a willow species native to Japan, north-
ern China, Korea, and Russia. A recent phytochemical study revealed salicin as the major
constituent of S. rorida and identified other constituents, including (+)-catechin, naringenin,
salipurposide, aromadendrin, isosalipurposide, aromadendrin-7-O-3-D-glucopyranoside,
and taxifolin-7-O-3-D-glucopyranoside, via liquid chromatography-mass spectrometry
(LC/MS) analysis [25]. However, the pharmacological activity of S. rorida has not yet
been elucidated.
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As part of our ongoing research projects to identify bioactive natural products and
elucidate their chemical structures from natural resources [26-32], we investigated the
marker compounds from the Korean indigenous Salix species S. triandra, S. chaenomeloides,
S. gracilistyla, S. koriyanagi, S. koreensis, S. pseudolasiogyne, S. caprea, and S. rorida. Ethanolic
extracts of these Salix spp. were investigated using high-performance liquid chromatogra-
phy (HPLC) combined with thin-layer chromatography (TLC) and LC/MS-based analysis,
followed by the isolation of each marker compound of Salix spp. The chemical structures
of marker compounds (1-8) were elucidated via nuclear magnetic resonance (NMR) spec-
troscopy and electrospray ionization (ESI) LC/MS analyses. Finally, the identified marker
compounds 1-8 were tested for their antimicrobial effects. Herein, we report the isolation
and structural characterization of marker compounds 1-8 as well as their bioactivity with
respect to their antimicrobial effects.

2. Results and Discussion
2.1. Collection of Salix Species

The twigs of eight Salix species (S. triandra, S. chaenomeloides, S. gracilistyla, S. koriyanagi,
S. koreensis, S. pseudolasiogyne, S. caprea, and S. rorida) were collected from Chungcheongnam-
do, Chungcheongbuk-do, and Gangwon-do (Republic of Korea), thoroughly dried, and
mounted. Plant specimens (Figure 1) were made into herbarium vouchers and stored at
room temperature in the dark. Twigs of the collected Salix species were cut into small pieces
and extracted with 80% ethanol (EtOH) to obtain EtOH crude extracts.
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S. chaenomeloides S. gracilistyla S. koriyanagi

/

S. koreensis S. pseudolasiogyne S. caprea S. rorida

Figure 1. Specimens of the eight collected Salix species (S. triandra, S. chaenomeloides, S. gracilistyla,
S. koriyanagi, S. koreensis, S. pseudolasiogyne, S. caprea, and S. rorida).

2.2. Isolation and Identification of Marker Compounds

Marker compounds are the pure or single isolated chemical constituents within a
crude plant extract or medicinal herbal drug that can confirm the exact botanical identity
of material. Marker compounds are of interest for quality control purposes; however,
marker compounds may or may not contribute to the therapeutic activity of crude extracts
or herbal drugs. Marker compounds can serve as active principals of the herbal drug
in the preparation or the finished product. Marker compounds are applied at various
stages in the development and manufacturing of herbal medicine, including authentication
and differentiation of species, quality evaluation and stability assessment, and collecting
and harvesting. LC/MS-based analysis combined with our in-house UV library and TLC
analysis of crude EtOH extracts from the eight Salix species (S. triandra, S. chaenomeloides,
S. gracilistyla, S. koriyanagi, S. koreensis, S. pseudolasiogyne, S. caprea, and S. rorida) facilitated
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the determination of the marker compounds for these species based on the amount of
the component present in each extract. Phytochemical investigation of the crude EtOH
extracts was performed via TLC and LC/MS-based analysis using column chromatography
and HPLC to isolate the marker compounds (Figure 2). Final semipreparative HPLC
separation revealed each marker compound from the fraction via LC/MS analysis, where
3-(4-hydroxyphenyl)propyl 3-D-glucopyranoside (1) was isolated from S. triandra, 2-O-
acetylsalicin (2) from S. chaenomeloides, 1-O-p-coumaroyl glucoside (3) from S. gracilistyla,
picein (4) from S. koriyanagi, isograndidentatin B (5) from S. koreensis, 2'-O-acetylsalicortin
(6) from S. pseudolasiogyne, dihydromyricetin (7) from S. caprea, and salicin (8) from S. rorida
(Figure 3).

Salix
_— Cru@xtract

Spp. Extraction
with 80% EtOH

0

-Sep-pak c18

) = Marker
Extract fractions Compounds
MPLC Semi-preparative HPLC (1-8)
or
Preparative HPLC

Figure 2. Separation scheme of the marker compounds 1-8.
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Figure 3. HPLC chromatogram for isolation of marker compounds 1-8 from the eight collected
Salix species.

The marker compounds of Salix spp. were structurally elucidated as 3-(4-hydroxyphenyl)
propyl B-D-glucopyranoside (1) [33], 2-O-acetylsalicin (2) [34], 1-O-p-coumaroyl gluco-
side (3) [35], picein (4) [36], isograndidentatin B (5) [37], 2’-O-acetylsalicortin (6) [38],
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dihydromyricetin (7) [39], and salicin (8) [40] (Figure 4) via NMR spectroscopy and high-
resolution (HR)-ESI MS analysis (Figures S1-516) using Agilent 1290 Infinity II ultrahigh-
performance liquid chromatography coupled with a G6545B Q-TOF MS system with a dual
ESI source.
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Figure 4. Chemical structures of the marker compounds 1-8.

2.3. Evaluation of the Antimicrobial Activities of the Marker Compounds

Plant diseases caused by fungi, bacteria, and viruses can cause significant damage
to the yield and quality of crops, fruit, and vegetables. Synthetic pesticides are widely
used to control plant diseases in agriculture. However, adverse effects of chronic expo-
sure to synthetic chemicals and concerns about environmental pollution and pesticide
resistance have prompted the need for the development of new ecofriendly plant pro-
tection agents [41,42]. Thus, the antifungal activities of all isolated marker compounds
were evaluated against the plant pathogenic fungi, Fusarium solani, F. asiaticum, Botrytis
cinerea, Cylindrocarpon destructans, and Rhizoctonia solani. Antifungal activity tests revealed
that all tested compounds were inactive (data not shown). Next, the marker compounds
were tested for their antibacterial activity against the Gram-positive bacterium Staphylo-
coccus aureus (HGO003) and Gram-negative bacterium Escherichia coli (MG1655). Among
the isolates, only dihydromyricetin (7) exhibited antibacterial activity against S. aureus,
inducing 32.4% inhibition at a final concentration of 125 pug/mL with an MICs, value of
250 pg/mL (Table 1). Meanwhile, 3-(4-hydroxyphenyl)propyl 3-D-glucopyranoside (1)
and 1-O-p-coumaroyl glucoside (3) exhibited very weak activity against S. aureus, inducing
only 1.9% and 1.3% inhibition, respectively (Table 1), and the other compounds had no
effects on the growth of S. aureus and E. coli.

Table 1. Antibacterial activities of the selected marker compounds 1, 3, and 7 against Staphylococcus
aureus.

Compound Concentration (ug/mL)  Inhibition (%) MICs¢ (ug/mL) MICyy (ug/mL)

1 1.9

3 125 1.3

7 324 250 500
Gentamicin @ 7.8 96.5 1.95 391

a Positive control.

3. Materials and Methods
3.1. General Experimental Procedure

The experimental procedure is described in detail in Supplementary Materials.

3.2. Plant Materials

In June 2021, twigs of S. triandra were collected from Yesan-gun and those of
S. pseudolasiogyne from Asan-si (Chungcheongnam-do, Republic of Korea). Twigs of



Plants 2023, 12, 104

60f11

S. chaenomeloides, S. koriyanagi, and S. caprea were collected from Inje-gun and those of
S. rorida from Hwacheon-gun (Gangwon-do, Republic of Korea). The twigs of S. gracilistyla
and S. koreensis were collected from Jecheon-si (Chungcheongbuk-do, Republic of Korea).
Each material was authenticated by the author J.N.Yu. Voucher specimens of the materials
(HIMH-2104 for S. triandra, HIMH-2105 for S. chaenomeloides, HIMH-2106 for S. gracilistyla,
HIMH-2107 for S. koriyanagi, HIMH-2108 for S. koreensis, HIMH-2109 for S. pseudolasiogyne,
HIMH-2110 for S. caprea, and HIMH-2111 for S. rorida) were deposited at the Hongcheon
Institute of Medicinal Herbs, Hongcheon-gun, Republic of Korea.

3.3. Extraction and Isolation of Marker Compounds
3.3.1. S. triandra

S. triandra twigs (1.6 kg) were dried at 35-45 °C in a plant-drying oven for one week,
pulverized, and extracted with 80% ethanol (10 L) via sonication for 90 min three times
at room temperature. The filtered ethanol extract was evaporated in vacuo to obtain the
crude ethanol extract (86.6 g). The extract (10.1 g) was dissolved in MeOH (100 mL) and
applied to a reverse-phase (RP) Sep-Pak column with 100% MeOH to remove the wax,
lipids, and fatty acids, and the resultant residue was concentrated using an evaporator to
obtain the crude extract (5.2 g). The crude extract (1.0 g) was separated via preparative
RP-HPLC (from 30 to 80% MeOH for 80 min, gradient system) to obtain four fractions
(P1-P4). Fraction P2 (303.3 mg) was isolated via semipreparative RP-HPLC using 30%
MeOH to obtain marker compound 1 (9.6 mg, tgr = 44.0 min, ESI-MS [negative-ion mode]
m/z 313 [M-H] 7).

3.3.2. S. chaenomeloides

S. chaenomeloides twigs (1.8 kg) were dried at 35-45 °C in a plant-drying oven for one
week, pulverized, and extracted with 80% ethanol (10 L) via sonication for 90 min three
times at room temperature. The filtered ethanol extract was evaporated in vacuo to obtain
the crude ethanol extract (144.6 g). The extract (10.3 g) was dissolved in MeOH (100 mL)
and applied to an RP Sep-Pak column with 100% MeOH to remove the wax, lipids, and fatty
acids, and the resultant residue was concentrated using an evaporator to obtain the crude
extract (7.2 g). The crude extract (1.0 g) was separated via preparative RP-HPLC (from 20
to 30% MeOH for 80 min, gradient system) to obtain five fractions (P1-P5). Fraction P4
(68.2 mg) was isolated via semipreparative RP-HPLC using 20% MeOH to obtain marker
compound 2 (10.3 mg, tg = 48.0 min, ESI-MS [positive-ion mode] m/z 329 [M + H]").

3.3.3. S. gracilistyla

S. gracilistyla twigs (1.0 kg) were dried at 35-45 °C in a plant-drying oven for one
week, pulverized, and extracted with 80% ethanol (10 L) via sonication for 90 min three
times at room temperature. The filtered ethanol extract was evaporated in vacuo to obtain
the crude ethanol extract (163 g). The extract (11 g) was dissolved in MeOH (100 mL) and
applied to an RP Sep-Pak column with 100% MeOH to remove the wax, lipids, and fatty
acids, and the resultant residue was concentrated using an evaporator to obtain the crude
extract (5.6 g). The crude extract (1.0 g) was separated via preparative RP-HPLC (from 20
to 30% MeOH for 80 min, gradient system) to obtain five fractions (P1-P5). Fraction P4
(468 mg) was isolated via semipreparative RP-HPLC using 23% MeOH to obtain marker
compound 3 (9.8 mg, tg = 23.0 min, ESI-MS [negative-ion mode] m/z 325 [M-H] 7).

3.3.4. S. koriyanagi

S. koriyanagi twigs (2.0 kg) were dried at 3545 °C in a plant-drying oven for one week,
pulverized, and extracted with 80% ethanol (10 L) via sonication for 90 min three times at
room temperature. The filtered ethanol extract was evaporated in vacuo to obtain the crude
ethanol extract (167 g). The extract (10 g) was dissolved in MeOH (100 mL) and applied
to an RP Sep-Pak column with 100% MeOH to remove the wax, lipids, and fatty acids,
and the resultant residue was concentrated using an evaporator to obtain the crude extract
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(6.5 g). The crude extract (6.5 g) was subjected to HP-20 column chromatography, with
eluting solvents of distilled water, MeOH, and acetone, to obtain three fractions (P1-P3).
Fraction P1 (2.6 g) was separated via preparative RP-HPLC (from 20 to 30% MeOH for
82 min, gradient system) to obtain five fractions (P11-P15). Fraction P13 (245 mg) was
isolated via semipreparative RP-HPLC using 15% MeOH to obtain marker compound 4
(10.5 mg, tg = 54.0 min, ESI-MS [negative-ion mode] m/z 297 [M-H] ™).

3.3.5. S. koreensis

S. koreensis twigs (2.3 kg) were dried at 3545 °C in a plant-drying oven for one week,
pulverized, and extracted with 80% ethanol (10 L) via sonication for 90 min three times at
room temperature. The filtered ethanol extract was evaporated in vacuo to obtain the crude
ethanol extract (101 g). The extract (9.1 g) was dissolved in MeOH (100 mL) and applied
to an RP Sep-Pak column using 100% MeOH to remove the wax, lipids, and fatty acids,
and the resultant residue was concentrated using an evaporator to obtain the crude extract
(7.9 g). The crude extract (7.9 g) was subjected to HP-20 column chromatography, with
the eluting solvents distilled water, MeOH, and acetone to obtain three fractions (P1-P3).
Fraction P3 (582 mg) was separated via preparative RP-HPLC (from 20% to 100% MeOH
for 101 min, gradient system) to obtain four fractions (P31-P34). Fraction P33 (582 mg) was
isolated via semipreparative RP-HPLC using 43% MeOH to obtain marker compound 5
(11.5 mg, tg = 60.0 min, ESI-MS [positive-ion mode] m/z 447 [M + Na]™).

3.3.6. S. pseudolasiogyne

S. pseudolasiogyne twigs (1.5 kg) were dried at 3545 °C in a plant-drying oven for one
week, pulverized, and extracted with 80% ethanol (10 L) via sonication for 90 min three
times at room temperature. The filtered ethanol extract was evaporated in vacuo to obtain
the crude ethanol extract (123.6 g). The extract (9.1 g) was dissolved in MeOH (100 mL) and
applied to an RP Sep-Pak column using 100% MeOH to remove the wax, lipids, and fatty
acids, and the resultant residue was concentrated using an evaporator to obtain the crude
extract (4.0 g). The crude extract (4.0 g) was separated via preparative RP-HPLC (from 30
to 50% MeOH for 81 min, gradient system) to obtain four fractions (P1-P4). Fraction P4
(306 mg) was isolated via semipreparative RP-HPLC using 39% MeOH to obtain marker
compound 6 (11.2 mg, tg = 44.0 min, ESI-MS [positive-ion mode] m/z 467 [M + H]").

3.3.7. S. caprea

S. caprea twigs (1.5 kg) were dried at 35-45°C in a plant-drying oven for one week,
pulverized, and extracted with 80% ethanol (10 L) via sonication for 90 min three times at
room temperature. The filtered ethanol extract was evaporated in vacuo to obtain the crude
ethanol extract (110.8 g). The crude extract (10.3 g) was separated using medium-pressure
liquid chromatography (MPLC) (5%—10%—30%—100% MeOH, 92 min, gradient system)
to yield seven fractions (P1-P7). Fraction P4 (507 mg) was isolated via semipreparative
RP-HPLC using 27% MeOH to obtain marker compound 7 (11.8 mg, tg = 45.0 min, ESI-MS
[positive-ion mode] m/z 321 [M + HJ*).

3.3.8. S. rorida

S. rorida twigs (1.5 kg) were dried at 3545 °C in a plant-drying oven for one week,
pulverized, and extracted with 80% ethanol (10 L) via sonication for 90 min three times
at room temperature. The filtered ethanol extract was evaporated in vacuo to obtain the
crude ethanol extract (143.3 g). The extract (10.5 g) was dissolved in MeOH (100 mL) and
applied to an RP Sep-Pak column with 100% MeOH to remove the wax, lipids, and fatty
acids, and the resultant residue was concentrated using an evaporator to obtain the crude
extract (7.8 g). The crude extract (7.8 g) was separated by MPLC (from 0% to 50% MeOH
for 70 min, gradient system) to obtain four fractions (P1-P4). Fraction P2 (218 mg) was
isolated via semipreparative RP-HPLC using 15% MeOH to obtain marker compound 8
(15.2 mg, tg = 38.0 min, ESI-MS [positive-ion mode] m/z 304 [M + NHy4]").
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3.4. Antifungal Activity

Five plant pathogenic fungi provided by the Korean Agricultural Culture Collection
(KACC; Jeonju, Republic of Korea). B. cinerea (KACC40965), C. destructans (KACC 41077),
F. solani (KACC 44891), F. asiaticum (KACC 46429), and R. solani (KACC 48921), were used
for the in vitro antifungal activity assay. Fungi were cultivated on 25 mL of malt extract
agar (Difco, MD, USA) at 25 °C for 14 d in the dark. Marker compounds (1-8) were
evaluated for their antifungal activities in a 96-well microplate [42]. Each well of the 96-
well microplate contained 2 pL of the compound, 20 puL of spore suspension, and 178 uL
of medium. Chemical fungicide benomyl was used as a positive control and dimethyl
sulfoxide (DMSO; 1%) was used as a negative control for the antifungal assay. The plant
pathogenic fungal spore suspension was adjusted to a density of 4 x 10° cells/mL. The
absorbance at 600 nm was measured every 12 h for 96 h. The experiments were performed
in triplicate. The percentage of growth inhibition (GI%) was estimated using the following
formula: GI% =100 (Acontrol — Atest sample)/ (Acontrol)-

3.5. Antibacterial Activity

For the antibacterial activity assay, the Gram-positive bacterium S. aureus (HG033)
and the Gram-negative bacterium E. coli (MG1655) were used. Staphylococcus aureus strains
were maintained aerobically in tryptic soy broth (TSB, BD) or TSB 1.5% agar at 30 °C with
shaking at 250 rpm. E. coli strains were maintained aerobically in lysogeny broth (LB, BD)
or LB 1.5% agar at 37 °C with shaking at 250 rpm. The qualitative antibacterial activities
of the marker compounds (1-8) were examined using the disk diffusion assay and MIC
values [43]. The disk diffusion assay was performed in TSB and LB plates to examine the
antibacterial activity for screening the marker compounds (1-8). The marker compounds
were prepared in DMSO (1%) at 100 pg/mL (subinhibitory concentrations of 5, 10, 25, and
50 ng/mL). The assay was performed with LB and TSB plates. Sterile beads were used to
inoculate the surface of each plate to ensure homogeneous bacterial growth. Sample pellet
disks were placed on the surface of the agar plates at equal distances. The inhibition was
measured using a ruler after 24 h incubation at 30 and 37 °C. MIC assay was performed in
a 96-well plate to examine the antibacterial effects of three marker compounds (1, 3, and
7). Following serial dilution of the compounds (1, 3, and 7) in 150 puL of Mueller-Hinton
broth, the culture was inoculated at an optical density (OD) of 0.002. After incubation
at 30 and 37 °C for 24 h with shaking, bacterial growth was measured at ODg using a
spectrophotometer (BioTek Synergy HTX).

4. Conclusions

In the present study, indigenous Korean Salix species (S. triandra, S. chaenomeloides,
S. gracilistyla, S. koriyanagi, S. koreensis, S. pseudolasiogyne, S. caprea, and S. rorida) were
phytochemically investigated, followed by the isolation of their marker compounds:
3-(4-hydroxyphenyl)propyl 3-D-glucopyranoside (1) from S. triandra, 2-O-acetylsalicin
(2) from S. chaenomeloides, 1-O-p-coumaroyl glucoside (3) from S. gracilistyla, picein (4)
from S. koriyanagi, isograndidentatin B (5) from S. koreensis, 2’'-O-acetylsalicortin (6) from
S. pseudolasiogyne, dihydromyricetin (7) from S. caprea, and salicin (8) from S. rorida. The
chemical structures of these compounds were also determined via NMR spectroscopy
and HR-ESI-MS analysis. Antimicrobial tests of the marker compounds (1-8) using plant
pathogenic fungi and bacteria revealed that dihydromyricetin (7) exhibited antibacterial
activity against S. aureus, inducing 32.4% inhibition at a final concentration of 125 pg/mL,
with an MICsg value of 250 pg/mL.
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Supplementary Materials: The following supporting information can be downloaded at https:/ /www.
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1 (CD30D, 850 MHZz); Figure S2: The HR-ESIMS data for Compound 1; Figure S3: The TH NMR
spectrum of Compound 2 (CD3;0D, 850 MHz); Figure S4: The HR-ESIMS data for Compound 2;
Figure S5: The TH NMR spectrum of Compound 3 (DMSO-d;;, 850 MHz); Figure S6: The HR-ESIMS
data for Compound 3; Figure S7: The 'H NMR spectrum of Compound 4 (DMSO-dg, 850 MHz);
Figure S8: The HR-ESIMS data for Compound 4; Figure S9: The 'H NMR spectrum of Compound
5 (CD3;0D, 850 MHz); Figure S10: The HR-ESIMS data for Compound 5; Figure S11: The TH NMR
spectrum of Compound 6 (CD30D, 850 MHz); Figure S12: The HR-ESIMS data for Compound 6;
Figure S13: The 'H NMR spectrum of Compound 7 (DMSO-ds, 850 MHz); Figure S14: The HR-ESIMS
data for Compound 7; Figure S15: The 'H NMR spectrum of Compound 8 (DMSO-dg, 850 MHz);
Figure S16: The HR-ESIMS data for Compound 8.
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