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Abstract: Background/Objectives: The Wikstroemia genus has been traditionally used
in Asia to treat various ailments, including parotitis, pneumonia, and pertussis. These
plants contain many bioactive compounds, including flavonoids, coumarins, and lignans.
This study investigates the chemical components of a MeOH extract of the aerial parts of
Wikstroemia trichotoma (Thunb.) Makino and evaluates their anti-inflammatory and anti-
allergic effects in vitro. Methods: Chromatographic techniques, spectroscopic analysis, and
the literature were used to isolate compounds from the branches and leaves of W. trichotoma.
IL-4 mRNA and B-hexosaminidase levels were assessed by performing assays on RBL-
2H3 cells to evaluate anti-inflammatory and anti-allergic potential. Results: Forty-two
compounds were isolated from the W. trichotoma extract, and the flavanones trichotocinol
A and B were newly identified. Screening of isolated compounds showed that several
significantly inhibited DNP-BSA-induced B-hexosaminidase release by 10.0-58.0% and
PMA /ionomycin-induced IL-4 mRNA expression by 25.3-71.7% versus negative controls.
In addition, trichotocinol A reduced IL-4 mRNA expression by 31.9%. Conclusions: The
discovery of these new compounds contributes to our understanding of the bioactive
properties of W. trichotoma and suggests their potential use as natural therapeutic agents
for inflammatory disorders.

Keywords: Wikstroemia trichotoma; flavonoid; anti-inflammation; anti-allergy; interleukin 4;
B-hexosaminidase

1. Introduction

Allergic inflammation occurs when the immune system exhibits an exaggerated re-
sponse to allergenic substances. This reaction is closely linked to the main symptoms of
allergic diseases, such as rhinitis, eczema, and asthma, which have steadily increased in
incidence over the past century [1]. Allergic inflammation is primarily characterized by pre-
dominant T helper type 2 (Th2) immune responses and immunoglobulin E (IgE)-mediated
mast cell activation [2]. During early inflammatory response, epithelial cells release key
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cytokines, such as thymic stromal lymphopoietin (TSLP), which amplify Th2-driven allergic
inflammation by activating dendritic cells and other immune cells [3]. Subsequently, IgE an-
tibodies generated by activated B cells are released into the bloodstream and bind to FceRI
on mast cells, which are widely present in the skin, respiratory tract, and gastrointestinal
system and play a critical role in IgE-mediated allergic reactions [4]. Upon activation, mast
cells release preformed mediators, such as histamine and tryptase, through degranulation
and synthesize cytokines and chemokines that further exacerbate the inflammatory re-
sponse [5]. Therefore, effective treatment of allergic inflammatory diseases requires agents
that modulate mast cell degranulation and Th2 responses.

Wikstroemia trichotoma (Thunb.) Makino is a deciduous broadleaf shrub that grows in
East Asia, particularly in Japan and Korea. The plant thrives under trees on islands, coastal
forests, valleys, and mountainous regions to reach heights of 0.5 to 2.5 m [6]. The Wikstroemia
genus has been utilized in traditional Asian medicine for centuries, and the detoxifying,
anti-inflammatory, analgesic, and antimicrobial properties of this genus have long been
recognized. Accordingly, they have historically been used to treat a range of inflammatory
conditions, including bronchitis, arthritis, edema, and cancer [7-9]. Furthermore, pharmaco-
logical studies have reported that extracts from Wikstroemia species possess a variety range
of biological effects, including anti-inflammatory, antioxidant, antimicrobial, and immune-
modulatory properties [10,11]. Specifically, extracts of W. trichotoma have been shown
to inhibit inflammatory cytokine secretion and reduce inflammatory responses. Several
bioactive phytochemical compounds found in the Wikstroemia genus, such as genkwanin,
indicanone, and wikstronone A, have potent anti-inflammatory and immune-modulatory
effects that suppress inflammation caused by allergic reactions [12-14]. However, studies
on the anti-inflammatory and immune-modulating activities of compounds produced by
these plants are limited.

During our studies to identify novel bioactive compounds in medicinal plants, we
investigated a MeOH extract derived from the aerial parts of W. trichotoma. Through
a combination of successive chromatographic techniques and high-performance liquid
chromatography (HPLC), we successfully isolated two new flavonoids (1 and 2) along
with 40 known compounds (3—42). The chemical structures of these new flavonoids were
elucidated by spectroscopic analysis, including nuclear magnetic resonance (NMR) spec-
troscopy, high-resolution electrospray ionization mass spectrometry (HR-ESI-MS), and
electronic circular dichroism (ECD) spectroscopy. Additionally, we evaluated the biological
activities of these isolated compounds by assessing their effects on IL-4 mRNA expression
and B-hexosaminidase release in RBL-2H3 cells. Herein, we describe the purification,
structural elucidation, and biological evaluation of all 42 compounds to expand chemical
and pharmacological knowledge of W. trichotoma and its potential therapeutic applications.

2. Materials and Methods
2.1. Plant Material

The W. trichotoma samples were collected from Janmi Mountain in Boryeong, Republic
of Korea, in August 2022. Samples were confirmed by Dr. Jin-Hyub Paik at the International
Biological Material Research Center (IBMRC) of the Korea Research Institute for Bioscience
and Biotechnology (KRIBB). The collected plant materials were air-dried at 30 °C before
being used in the experiments. A voucher specimen (PNU-0041) has been deposited at the
College of Pharmacy, Pusan National University.

2.2. Extraction and Isolation

The aerial parts of W. trichotoma (3.4 kg) were ground into fine powder, extracted in
34 L of MeOH using ultrasonication for 90 min, and then soaked at room temperature for



Nutrients 2025, 17, 1552

30f13

12 h. The extract was filtered through a gauze and concentrated under vacuum at 40 °C
twice. This process yielded 629.3 g of crude extract (a yield of 18.7%). The crude extract
was then suspended in 4 L of distilled water and solvent-partitioned sequentially with 8 L
of each of hexane, chloroform (CHCl3), ethyl acetate (EtOAc), and n-butanol (n-BuOH) to
provide four fractions containing extracts of 96.2 g, 41.5 g, 216.5 g, and 197.9 g, respectively.
Chromatographic techniques suitable for separation were applied to each fraction, resulting
in the isolation of 40 known compounds (3—42). Additionally, two new compounds (1
and 2) were isolated, and their structures were confirmed through spectroscopic analysis.
The equipment used for analysis and detailed procedures for the isolation of compounds
(Figures S1-S3) are described in the Experimental section of the Supplementary Materials.

Trichotocinol A (1): pale-yellow amorphous powder; UV (MeOH) Anax (log €) 225
(4.67), 281 (2.31) and 352 (0.64) nm; ECD (MeOH) A (A¢) 237 (—1.68), 260 (0.58), and 292
(—2.00) nm; 'H (400 MHz) and '3C (100 MHz) NMR data, see Table 1; HR-ESI-MS (positive
ion-mode) m/z 703.2532 [M + Na]* (calcd for C33Hy4015Na, 703.2573).

Trichotocinol B (2): brown amorphous powder; UV (MeOH) Anax (log €) 222 (3.89),
285 (2.76), and 362 (0.68) nm; ECD (MeOH) A (A¢) 291 (—4.35) nm; 'H (400 MHz) and '3C
(100 MHz) NMR data, see Table 1; HR-ESI-MS (positive ion-mode) m/z 779.2047 [M + Na]*
(calcd for C34H44019Na, 779.2359).

Table 1. 'H NMR (400 MHz) and 13C NMR (100 MHz) spectral data of 1 and 2 in DMSO-dg 2.

Position ! 2
le ou (Jin Hz) dc ou (J in Hz)
5.59 dd 5.56 dd
2 77.9d (13.0/3.0) 7784 (12.5/3.0)
3a 421t (1;"33161;0) 423t 332m
3b 2.84dd 2.84 dd
(17.0/3.0) (17.0/3.0)
4 198.3s 1984 s
5 159.3 s 1575s
6 111.3s 111.1s
7 162.5s 161.3 s
8 110.1s 110.0 s
9 159.3s 157.3s
10 104.8 s 104.8 s
1 130.6 s 132.1s
2! 127.9d 6.99d (8.5) 127.8 d 7.46 d (9.0)
3 113.9d 7.47 d (8.5) 116.2d 7.08 d (9.0)
4/ 1594 s 1579 s
5 113.9d 7.47 d (8.5) 116.2d 7.08 d (9.0)
6 127.9d 6.99 d (8.5) 127.8d 7.46 d (9.0)
6-CHj 8.6q 2.08 s
8-CHj 91q 2.04s 92q 2.06 s
4'-OCHj; 55.1q 3.78 s
1" 104.6d 4.84 d (7.5) 104.1d 4.59d (7.5)
2" 73.9d 3.30m 75.3d 3.33-3.19
3" 75.6 d 3.15m 77.0d 3.33-3.19
4" 69.1d 3.15m 69.7 d 3.16 m
5" 75.8d 3.68 m 76.6d 3.33-3.19
6"a 672t 3.75m 672t 3.70m
6"b 3.45m 343 m
1 109.2d 477d (2.5) 1H 109.2d 476 d (2.5)
2! 76.3d 3.18 m 73.7d 3.33-3.19

3 78.7 s 78.8 s
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Table 1. Cont.
Position ! 2 .
dc oy (Jin Hz) dc Jg (J in Hz)
4"y 732t 3.73d (9.0) 73.7 t 3.72d (9.0
4"p 3.55d (9.0) 3.54d (9.0)
5" 634t 3.27s 634t 3.28s
1""a /1" 60.1t 4.59 d (10.0) 100.3d 4.89d (7.0)
1"""p 4.40d (10.0)
20 69.7 t 3.45d (6.0) 73.2d 3.33-3.19
3 314t 1.50 m 76.2d 3.33-3.19
4" 190t 1.36 m 69.7d 3.16 m
5" 13.8q 0.87t(7.5) 75.8d 3.33-3.19
6""a 60.7 t 3.68 m
6""b 3.46 m

2 Coupling constants (in parentheses) are in Hz.

2.3. Cell Culture

RBL-2H3 cells (KCLB No. 22256) were purchased from the Korea Cell Line Bank (Seoul,
Republic of Korea) and cultured in 150 mm dishes at 37 °C in a 5% CO, incubator. The cells
were maintained in DMEM (HyClone Laboratories, Logan, UT, USA) supplemented with
10% fetal bovine serum (FBS), 1% penicillin-streptomycin, and 1 mM sodium pyruvate.
The cells were passaged when they reached 80-90% confluence, and experiments were
conducted using cells from the 20th passage.

2.4. IL-4 mRNA Expression in RBL-2H3 Cells

RBL-2H3 cells were pre-treated with isolated compounds for 1 h before induction
of inflammation using phorbol 12-myristate 13-acetate (PMA, 50 ng/mL, Sigma-Aldrich,
St. Louis, MO, USA) and ionomycin (1 uM, Sigma-Aldrich, St. Louis, MO, USA). The
control group was treated with DMSO without PMA /ionomycin. After 20 h of incubation,
cells were collected for cDNA synthesis. The expression of IL-4 mRNA was quantified
using quantitative real-time PCR (qPCR). Total RNA was extracted using the RNeasy mini
kit (Qiagen, Redwood City, CA, USA), and cDNA was synthesized using the RevertAid
First Strand cDNA Synthesis Kit (Thermofisher, Waltham, MA, USA). qPCR was carried
out on the QuantStudio" 6 Pro Real-Time PCR System (Applied Biosystems, Waltham,
MA, USA) and SYBR® Green Master Mix (Applied Biosystems, Waltham, MA, USA). The
expression of IL-4 in treated cells was compared to that in the control group using the
comparative cycle threshold (Ct) method [15]. The primer sequences used were as follows:
IL-4 forward: 5'-CCA CCT TGC TGT CAC CCT GTT CTG CT-3'; IL-4 reverse: 5'-GTG TTG
TGA GCG TGG ACT CAT TCA CG-3/; B-actin forward: 5-ACG GTG AAA AGA TGA
CCC AG-3/; B-actin reverse: 5'- TGT CAG CTG TGG TGG TGA AG-3'. mRNA expressions
were normalized to B-actin.

2.5. B-Hexosaminidase Release in RBL-2H3 Cells

RBL-2H3 cells were cultured overnight in 24-well plates. After sensitization with
100 ng/mL of anti-2,4-dinitrophenylated-IgE (Sigma-Aldrich, St. Louis, MO, USA), cells
were incubated for 4 h at 37 °C in a 5% CO;. Siraganian buffer (Biosolution, Seoul,
Republic of Korea) was used for 2,4-dinitrophenylated-bovine serum albumin (DNP-BSA)
and sample treatments. After sensitization with IgE, isolated compounds were applied to
the cells at 30 mM for 1 h. Subsequently, the cells were treated with 10 pg/mL DNP-BSA
for 30 min. To measure B-hexosaminidase activity, the supernatants from the cultures were
combined with 10 mM poly-N-acetyl glucosamine in 0.1 M sodium citrate buffer (pH 4.5) in
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a 96-well plate, then incubated for 1 h at 37 °C. B-Hexosaminidase activity was quantified
by measuring absorbance at 405 nm using the Infinite M1000 microplate reader (Tecan,
Minnedorf, Switzerland).

2.6. Statistical Analysis

Data were analyzed by one-way analysis of variance (ANOVA) and Tukey’s multiple
comparisons test using GraphPad Prism 9 (GraphPad Software, San Diego, CA, USA).
Results are expressed as means + standard deviations, and statistical significance was
accepted for * p < 0.05, ** p < 0.01, or *** p < 0.001, as indicated.

3. Results

3.1. Isolation of Compounds from W. trichotoma Extract and the Structural Elucidation of
Compounds 1 and 2

Two new flavonoids, seventeen known flavonoids, five coumarins, four lignans,
ten phenylpropanoids, two terpenoids, and two simple phenolics were obtained from
the MeOH extract of W. trichotoma (Figure 1). Known compounds were identified as
dehydrovomifoliol (3) [16], phloretic acid (4) [17], butyl 4-hydroxybenzenepropanoate
(5) [18], p-coumaric acid (6) [19], p-methoxy coumaric acid (7) [20], syringin (8) [21], chloro-
genic acid (9) [22], cryptochlorogenic acid (10) [23], neochlorogenic acid (11) [24], epilo-
liolide (12) [25], 4-hydroxybenzoic acid (13) [26], syringaldehyde (14) [27], dianthoside
(15) [28], koaburaside (16) [29], wikstromol (17) [30], pinoresinol (18) [31], pinoresinol-4'-O-
glucoside (19) [32], syringaresinol-4’-O-glucoside (20) [33], umbelliferone (21) [34], repensin
B (22) [35], daphnoretin (23) [36], daphnorin (24) [35], rutarensin (25) [37], apigenin (26) [38],
diosmetin (27) [39], syzalterin (28) [40], nortangeretin (29) [41], diosmetin 7-O-glucoside
(30) [42], acacetin 7-O-glucuronide (31) [43], luteolin 7-O-glucuronide (32) [44], apigenin
7-O-glucuronide (33) [45], farrerol (34) [40], matteucinol (35) [46], farrerol 7-O-glucoside
(36) [47], matteucinol 7-O-glucoside (37) [46], diplomorphanin A (38) [48], miconioside B
(39) [49], matteucinol-7-O-apiosyl (1 — 6)-glucoside (40) [49], matteuinterate B (41) [50],
and matteuorienate A (42) [46] by analyzing their NMR data and comparing it to previously
reported values.

Compound 1 was isolated as a pale-yellow amorphous powder. HR-ESI-MS showed an
m/z value of 703.2532 [M + Na]* (calcd. for C33H44015Na, 703.2573), suggesting a molecular
formula of C33Hy4015 (Figure S4). The UV spectrum of 1 exhibited maximum absorptions
at 225, 281, and 352 nm, implying the presence of a typical flavanone chromophore [51].
The 'H NMR data (Table 1) of 1 showed that the existence of three methyl groups [y
2.04 (3H, s, 8-CHj3) and 0.87 (3H, t, ] = 7.5 Hz, H-5""")], including one methoxy group [dy
3.78 (3H, s, 4-OCHy3)], eight methylene groups [dy 4.59 (1H, d, ] = 10.0 Hz, H-1""a), 4.40
(1H, d, ] = 10.0 Hz, H-1"""b), 3.75 (1H, m, H-6"a), 3.73 (1H, d, ] = 9.0 Hz, H-4""a), 3.55 (1H,
d, ] =9.0 Hz, H-4""b), 3.45 (1H, m, H-6""b), 3.45 (2H, d, ] = 6.0 Hz, H-2""""), 3.35 (1H, dd,
J =17.0,13.0 Hz, H-3a), 3.27 (2H, s, H-5""), 2.84 (1H, dd, ] = 17.0, 3.0 Hz, H-3b), 1.50 (2H,
m, H-3""), and 1.36 (2H, m, H-4"")], twelve methine protons [0y 7.47 (2H, d, ] = 8.5 Hz,
H-3’' and H-5'), 6.99 (2H, d, | = 8.5 Hz, H-2' and H-6'), 5.59 (1H, dd, ] = 13.0, 3.0 Hz, H-2),
484 (1H, d, J = 7.5 Hz, H-1"), 4.77 (1H, d, ] = 2.5 Hz, H-1""), 3.68 (1H, m, H-5"), 3.30 (1H, m,
H-2""),3.18 (1H, m, H-2""), 3.15 (1H, m, H-3"), and 3.15 (1H, m, H-4")]. Combined analysis
of 13C NMR (Table 1), HSQC, and HMBC data revealed 33 carbon resonance signals. Fifteen
carbon signals observed at d¢c 198.3 (C-4), 162.5 (C-7), 159.4 (C-4'), 159.3 (C-5), 159.3 (C-9),
130.6 (C-1'), 127.9 (C-2/, C-6), 113.9 (C-3/, C-5'), 111.3 (C-6), 110.1 (C-8), 104.8 (C-10), 77.9
(C-2), and 42.1 (C-3) were identical to those of flavanone. Additionally, eleven carbon
signals were detected at 5¢c 109.2 (C-1""), 104.6 (C-1"), 78.7 (C-3""), 76.3 (C-2"""), 75.8 (C-5"),
75.6 (C-3"),73.9 (C-2"),73.2 (C-4""), 69.1 (C-4"), 67.2 (C-6""), and 63.4 (C-5""), suggesting
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the presence of an apiofuranosyl (1 — 6)-glucopyranosyl moiety. The remaining seven
carbon signals at d¢c 69.7 (C-2""""), 60.1 (C-1"""), 55.1 (4-OCHj3), 31.4 (C-3""), 19.0 (C-4""),
13.8 (C-5"""), and 9.1 (8-CHj;) were assigned to substituents attached to the aglycone.
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Figure 1. Chemical structures of the isolated compounds (1-42) from the W. trichotoma extract.

Analysis of 2D NMR spectra (‘H-'H COSY, HSQC, and HMBC) showed 1 had a
planar structure (Figures S7-59). The presence of a flavanone skeleton in 1 was verified by
the 'H-'H COSY correlations of H-2/H,-3, H-2' /H-3', and H-5'/H-6' and by the HMBC
correlations of H-2/C-4, H-2/C-9, H-2/C-2/, and H,-3/C-10 (Figure 2). The presence of a
methyl and a methoxy group at C-8 and C-4’ of 1, respectively, was confirmed by the HMBC
correlations of 8-CH3/C-8 and 4'-OCHj3/C-4. Detailed interpretation of the remaining
2D NMR correlations suggested that the chemical structure of 1 was similar to that of
matteucinol-7-O-apiosyl (1 — 6)-glucoside (40) and differed only due to the additional
substitution of a butoxymethyl group at C-6. 'H-'H COSY correlations from H,-2""" to
H;-5"" and HMBC correlations of Hp-1"" /C-6 and H,-2""" /C-1"" confirmed the presence
of a butoxymethyl group attached to C-6 of the aglycone. The ECD spectrum of 1 showed a
negative Cotton effect at around 290 nm, indicating C-2 had an S configuration (Figure S10),
which is commonly observed in typical 25-flavanones known to exhibit a negative Cotton
effect at the T — 71* transition (270-290 nm) [52]. Based on the above evidence, 1 was
identified as 5-hydroxy-4'-methoxy-8-methyl-6-(n-butoxymethyl)-7-O-B-D-apiofuranosyl
(1 — 6)-B-D-glucopyranosyl flavanone and was trivially named trichotocinol A.
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Figure 2. Selected COSY (===) and HMBC (—) correlations of compounds 1 and 2.

Compound 2 was a brown amorphous powder. HR-ESI-MS showed an adducted
sodium ion signal at m/z 779.2047 [M + Na]* (calcd. for C34H44019Na, 779.2359), which
supported a molecular formula of C34H44019 (Figure S11). Comprehensive analysis of
1D and 2D NMR spectra of 2 (Figures S12-516) revealed that its chemical structure was
almost identical to that of 40, except for the absence of a methoxy group at the C-4’
position. The existence of an additional S-glucopyranosyl moiety in 2 was established by
anomeric signals at dy 4.89 (1H, d, ] = 7.0 Hz, H-1""") and ¢ 100.3 (C-1"""), along with one
oxymethylene carbon at §c 60.7 (C-6""""), and four oxymethine carbons at é¢ 73.2 (C-2""),
76.2 (C-3""), 69.7 (C-4"""), and 75.8 (C-5""""). HMBC correlations of H-2' and H-6'/C-4/,
H-3' and H-5'/C-4/, as well as H-1""" /C-4/, indicated the glucose moiety was attached
to C-4’ of the B ring (Figure 2). The ECD spectrum of 2 also exhibited a negative Cotton
effect near 290 nm corresponding to 7t — 7* electronic transitions and confirming that
the absolute configuration of C-2 in 2 was S (Figure 517). Thus, 2 was identified as a new
flavanone glycoside, named trichotocinol B, and assigned the structure 5-hydroxy-4'-O-g-
D-glucopyranosyl-6-methyl-8-methyl-7-O-B-D-apiofuranosyl (1 — 6)-3-D-glucopyranosyl
flavanone.

3.2. Evaluation of the Effects of Compounds (1-42) on IL-4 Expression in RBL-2H3 Cells

PMA /ionomycin treatment significantly increased IL-4 mRNA levels, and several
compounds present in the MeOH extract of W. trichotoma, viz. simple phenolics, phenyl-
propanoids, lignans, coumarins, and flavonoids, significantly reduced these increases.
Among the simple phenolics, 4-hydroxybenzoic acid (13) and syringaldehyde (14) signifi-
cantly reduced PMA /ionomycin-induced IL-4 mRNA levels by 37.2% and 38.5%, respec-
tively. In the phenylpropanoid group, dianthoside (15) and koaburaside (16) significantly
reduced IL-4 mRNA levels by 36.7% and 31.6%. Of the lignans tested, pinoresinol (18)
and syringaresinol-4’-O-glucoside (20) exhibited significant inhibitory effects and reduced
IL-4 mRNA expression by 32.3% and 31.1%, respectively. Of the five coumarins, repensin
B (22) significantly reduced IL-4 mRNA expression by 25.3%. In the flavonoid group,
specifically, apigenin (26), diosmetin (27), luteolin 7-O-glucuronide (32), and trichotocinol
A (1) significantly decreased PMA /ionomycin-induced IL-4 mRNA levels by 52.3%, 71.7%,
35.0%, and 31.9%, respectively (Figure 3).
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Figure 3. Inhibitory effects of the compounds isolated from the MeOH extract of W. trichotoma
on PMA /ionomycin-induced IL-4 mRNA expression in RBL-2H3 cells. Data are presented as
means + SDs (1 = 2), and significance was accepted for ## p value < 0.001 versus non-treated
cells, and * p < 0.05, ** p < 0.01, *** p < 0.001 versus PMA /ionomycin-treated cells. PMA, phorbol
12-myristate 13-acetate; CsA, cyclosporin A; IL-4, interleukin-4.

3.3. Evaluation of the Abilities of Compounds (1-42) to Suppress B-Hexosaminidase Release by
RBL-2H3 Cells

The inhibitory effects of compounds 1-42 were investigated by assessing antigen-
induced degranulation in IgE-sensitized RBL-2H3 cells. IgE + DNP-BSA treatment sig-
nificantly increased B-hexosaminidase by 3.8-fold. However, several compounds in the
MeOH extract, including phenylpropanoids, lignans, coumarins, and flavonoids, reduced
IgE + DNP-BSA-induced B-hexosaminidase release. Of the phenylpropanoids, p-methoxy
coumaric acid (7) had a significant inhibitory effect and reduced p-hexosaminidase release
by 13.0%. The lignans wikstromol (17) and pinoresinol (18) also demonstrated significant
inhibitory effects and reduced B-hexosaminidase release by 10.0% and 17.3%, respectively.
Regarding the coumarins, umbelliferone (21) and repensin B (22) significantly inhibited
B-hexosaminidase release by 20.9% and 22.4%, respectively. In addition, seven flavonoids
significantly inhibited B-hexosaminidase release. Syzalterin (28), matteucinol-7-O-glucoside
(37), and diosmetin-7-O-glucoside (30) significantly reduced S-hexosaminidase release by
38.7%, 39.9%, and 32.1%, respectively. The most potent inhibitors were apigenin (26) and
diosmetin (27), which inhibited B-hexosaminidase release by 58.0% and 56.8%, respec-
tively, and reduced B-hexosaminidase levels to those of cyclosporin A, the positive control
(Figure 4).
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Figure 4. Inhibitory effects of the compounds isolated from W. trichotoma on p-hexosaminidase release
by IgE + DNP-BSA-induced RBL-2H3 cells. Data are presented as means + SDs (1 = 2), and significant
was accepted for ## p values < 0.001 versus non-treated cells, and * p < 0.05, ** p < 0.01, *** p < 0.001
versus IgE + DNP-BSA-treated cells. IgE, immunoglobulin E; DNP-BSA, 2,4-dinitrophenylated-bovine
serum albumin; CsA, cyclosporin A.

4. Discussion

Allergic inflammation is a complex immune response characterized by the activation of
mast cells and the release of inflammatory mediators such as histamine, f-hexosaminidase,
and cytokines, including IL-4 [53,54]. These mediators play a central role in the patho-
genesis of asthma, allergic rhinitis, atopic dermatitis, and other allergic diseases [55]. We
investigated the anti-allergic and anti-inflammatory potentials of phytochemicals produced
by W. trichotoma, a plant recently shown to alleviate atopic dermatitis-like symptoms [56].
Our findings reveal that W. trichotoma contains an array of bioactive compounds, includ-
ing two newly identified flavonoids (trichotocinol A and B), among which some exhibit
significant inhibitory effects on mast cell degranulation and IL-4 expression.

The isolation and characterization of forty-two compounds from W. trichotoma, in-
cluding two novel flavonoids, highlight the diversity of phytochemicals manufactured by
this plant. In addition, the structural characterization of these two flavanone glycosides
provides valuable insights regarding their potential use for treating allergic inflammation.
Glycosylation and the presence of alkyl ether groups in these compounds suggest enhanced
membrane permeability and interactions with cellular targets, which could contribute to
their observed anti-inflammatory and anti-allergic effects [57-59].

Our biological analysis of the isolated compounds showed that flavones, such as
apigenin (26) and diosmetin (27), tended to exhibit more potent inhibitory effects on both
IL-4 mRNA expression and B-hexosaminidase release than flavanones. These observations
suggest that the planar structure and electron delocalization of flavones contribute to their
strong anti-allergic effects, whereas the absence of the C2-C3 double bond in flavanones may
limit their activity [60]. We also observed that glycosylated flavonoids like matteucinol-7-
O-glucoside (37) significantly inhibited B-hexosaminidase release, indicating glycosylation
can modulate the biological activity of these compounds by improving their stability or
bioavailability [61].
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Trichotocinol A (1) reduced PMA /ionomycin-induced IL-4 mRNA expression by
31.9%. This finding is particularly noteworthy, as IL-4 is critically involved in Th2 immune
response, which involves increasing IgE production and eosinophil recruitment [62]. Struc-
turally, the butoxymethyl group at the C-6 position of 1 might enhance its anti-inflammatory
activity by increasing lipophilicity and facilitating interactions with intracellular signaling
pathways [63,64]. In contrast, trichotocinol B (2), which lacks this substitution, did not
significantly inhibit PMA /ionomycin-induced IL-4 expression.

The anti-allergic and anti-inflammatory effects of the isolated compounds are almost
certainly mediated by multiple mechanisms. It has been established that flavonoids modu-
late inflammatory pathways by inhibiting the production of pro-inflammatory cytokines
and suppressing the activation of immune cells [65-67]. Moreover, the inhibition of -
hexosaminidase release and IL-4 expression by flavonoids observed in this study suggests
that they may interfere with mast cell signaling pathways, potentially by suppressing
the FceRI-mediated activation or modulating the expression of downstream signaling
molecules such as NF-kB and MAPK.

5. Conclusions

This study expands our understanding of the chemical constituents and bioactivity
of W. trichotoma. The identification of trichotocinol A, trichotocinol B, and 40 known com-
pounds in the MeOH extract of W. trichotoma provides a foundation for further research on
the structure-activity relationships of these compounds. Furthermore, the observed sup-
pressions of mast cell degranulation and IL-4 expression by several compounds highlight
their therapeutic potential for treating allergic inflammatory diseases. These compounds
may also contribute to the development of functional skincare products, dietary supple-
ments, or pharmaceuticals for managing inflammatory and allergic conditions. In particular,
trichotocinol A, which exhibited IL-4 inhibitory effects, may serve as a potential lead com-
pound for novel therapeutic agents, with additional studies. Future studies should aim to
clarify the molecular mechanisms driving these effects and evaluate the in vivo efficacy of
these compounds in animal models of allergic inflammation.
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HR-ESI-MS, 1D and 2D NMR, and ECD data of compound 1, Figures S11-517: HR-ESI-MS, 1D and
2D NMR, and ECD data of compound 2, Figures 518-557: 1TH NMR spectra of compounds 3—42.
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