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The 95% ethanol extract and its EtOAc and n-BuOH fractions obtained from the leaves and twigs of Schefflera
rubriflora C. J. Tseng & G. Hoo showed significant inhibitory activities (33.6%, 35.7% and 40.6%, respectively)
against croton oil-induced ear inflammation in mice. Bioactivity-guided isolation and separation gave eight
previously undescribed terpenes or terpene glycosides. Structural elucidation was based on UV, IR, and NMR
spectroscopy, MS, experimental and calculated ECD data, and Mosher's method. To identify anti-inflammatory
components from the extract, all the compounds were evaluated for tumor necrosis factor-a (TNF-a) and in-

terleukine-6 (IL-6) inhibitory activities. Four undescribed compounds inhibited mRNA expression of TNF-a and
IL-6 with ICs, values of 15.3-52.4 uM.

1. Introduction

The Schefflera genus in the Araliaceae family includes about 1100
species worldwide, of which 35 are distributed in the south of China
(Wang et al., 2014; Wu et al., 2007). Some species have been used as
folk medicines to treat pain, such as that due to rheumatoid arthritis,
traumatic injury, fever, and sprains (Hu et al., 1998; Wu et al., 1990). In
previous studies of the genus, triterpenes, diterpenes, sesquiterpenes,
lignans, and phenolic acids have been identified as bioactive con-
stituents (Nguyen et al., 2015; Wang et al., 2013), some of which re-
portedly possess anti-inflammatory, antifungal, antiviral, and cytotoxic
activities (Cioffi et al., 2003; Li et al., 2007; Muir et al., 1982; Wu et al.,
2014). The leaves and twigs of Schefflera kwangsiensis are used to pre-
pare Campo Peach Twig Tablets, which are recorded in the Chinese
Pharmacopoeia (2010) (Sang et al., 2015) and are currently commer-
cially available as anti-inflammatory and analgesic drugs. Our recent
studies of bioactive triterpenoid saponins from S. kwangsiensis (Wang
et al., 2014, 2016) inspired our further study of another folk medicine
from the same genus, Schefflera rubriflora C. J. Tseng & G. Hoo, for
which the phytochemistry and bioactivity have not been reported.

Inflammatory cytokines are a class of endogenous polypeptides
produced by immune system cells to mediate various immune
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responses. Tumor necrosis factor-a (TNF-a) and interleukine-6 (IL-6)
are the most potent mediators of the immune response by macrophages,
and both are known to be involved in pain, stiffness, and swelling re-
sponses (Lai et al., 2018; Liu et al., 2017; Luo et al., 2018). Previous
studies have indicated that exposure to lipopolysaccharide (LPS) can
effectively promote the mRNA expression of TNF-a and IL-6 in RAW
264.7 macrophages (Kong et al., 2019; You et al., 2013). Therefore,
inhibiting TNF-a and IL-6 activation might be clinically effective in
patients with pain and inflammation.

In this study, a 95% ethanol extract of S. rubriflora leaves and twigs
significantly inhibited ear inflammation in mice caused by croton oil
(33.6% inhibition), suggesting potential anti-inflammatory bioactivity.
In the further search for anti-inflammatory compounds, the activity-
guided isolation of the EtOAc and n-BuOH fractions of the 95% ethanol
extract was performed, which demonstrated 35.7% and 40.6% inhibi-
tions of croton oil-induced ear inflammation in mice, respectively. Eight
undescribed terpenes (1-8) were obtained, with compounds 2-5 ex-
hibiting moderate TNF-a and IL-6 inhibition in vitro, consistent with the
anti-inflammatory bioactivities of the 95% ethanol extract and its
EtOAc and n-BuOH fractions in vivo.

This paper describes the isolation, structural elucidation, and eva-
luation of the anti-inflammatory activities of these compounds.
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Fig. 1. Structures of compounds 1-8.

2. Results and discussion

The EtOAc fraction of the 95% EtOH extract of S. rubriflora leaves
and twigs yielded two undescribed triterpenes (1 and 2), whereas the n-
BuOH fraction yielded five undescribed compounds: one diterpene
glycoside (3), two megastigmane glycosides (4 and 5), and three ses-
quiterpene esters (6-8). The structures of 1-8 (Fig. 1) were elucidated
by spectroscopic analysis.

Compound 1 was assigned with the molecular formula C3;H4g04
from the high-resolution electrospray ionization mass spectrometry
(HRESIMS) peak at m/z 483.3479 [M — H]~ (caled. for C31H4,04,
483.3480) in negative ion mode, which suggested that it had eight
degrees of unsaturation. The IR spectrum of 1 suggested the presence of
carbonyl (1756, 1705 cm ™ 1) and olefinic (1603 cm™1) groups. The 3
NMR spectrum (Table 1) showed seven singlet methyl groups [y 1.39,
1.35,1.18, 1.05 (2), 1.00, and 0.94], one methoxy group [y 3.25 (3H,
s, 11-OCH3)], and one olefinic proton [y 5.78 (1H, br s, H-12)]. In the
13C NMR spectrum (Table 1), two typical olefinic carbon signals at 8¢
122.6 and 148.5, a carboxylic carbon signal at §c 181.1, and a carbonyl
carbon signal at ¢ 216.8 were observed. According to the NMR and
HRESIMS data, the structure of 1 was similar to that of 3-oxoolean-12-
en-28-acid (Li et al., 2012), except that 1 contained an extra methoxy
group at C-11. The positioning of this methoxy at C-11 was deduced
from the heteronuclear multiple bond correlation (HMBC) cross-peaks
of 11-OCHj3 (8y 3.25)/C-11 (8¢ 76.6). Since H-18 may have an a- or -
orientation in the skeleton of oleanolic acid (Seebacher et al., 2003),
NOE experiments were performed. The strong NOEs of H-18 (6y 3.38,
m)/H3-30 (6y 1.00, s) confirmed the f-orientation of H-18. And the
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NOEs of H-11 (8 3.87, m)/H3-25 (6y 1.05, s) showed that the 11-OCH;
group had an a-orientation (Fig. 2). Therefore, compound 1 was iden-
tified as 3-oxo-11a-methoxy-olean-12-en-28-oic acid.

According to the HRESIMS spectrum peak at m/z 451.3542 [M +
Na]™* (caled. for CooH4gNaO,, 451.3546), compound 2 had a molecular
formula of CyoH4g0, and showed six degrees of unsaturation. The 'H
NMR spectrum (Table 1) contained peaks for seven singlet methyl
groups [y 1.23 (2), 1.15, 0.98, 0.95, 0.91, 0.88] and one olefinic
proton [8y 5.31 (1H, m, H-12)]. The '*C NMR spectrum (Table 1) re-
vealed 29 carbon signals, which indicated that 2 was a nortriterpenoid.
The 1D and 2D NMR spectra were consistent with the planar structure
of 28-norolean-12-en-3f3,17f3-diol (Ikuta, 1992). The main difference
between these two compounds was the *C NMR signal at C-3. The C-3
signal for compound 2 appeared at §¢ 75.2 and was 3.0 ppm lower than
that of 28-norolean-12-en-34,17f-diol (8¢ 78.2) (Ikuta, 1992), but the
same as that of 3a-hydroxy-11a,12a-epoxyoleanan-28,13f3-olide (S¢
75.1) (Ikuta, 1992). In addition, the NOEs of H-3 (§y 3.62, m)/H3-23
(61 0.91, s) and H-3 (8y 3.62, m)/Hs-24 (6y 1.23, s) further proved H-3
is in the equatorial orientation (Fig. 3). From the above data, we pre-
sumed that 2 contained a 3a-hydroxy group. Therefore, compound 2
was identified as 28-norolean-12-en-3a,174-diol.

The molecular formula of compound 3 was assigned as CogH36011
by HRESIMS analysis (m/z 523.2184 [M - H] 7, caled. for CysH35011,
523.2185). The '3C NMR spectrum showed the presence of a Cyo-gib-
berellin diterpene as an aglycone, and was characterized by two tertiary
methyl groups at 8¢ 29.3 and 15.5, one olefinic carbon at ¢ 145.4, one
exocyclic methylene carbon at §c 110.5, two carboxyl carbons at 8¢
178.6 and 175.5, and one keto carbonyl group at §¢c 207.8. The NOEs of
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Table 1
'H NMR and '3C NMR spectroscopic data of compounds 1 —5.
Position  1° 2¢ position  3” 4 5d
Sy Jin Hz) ¢ 8y (Jin Hz) &¢ 8y (J in Hz) ¢ Sy (J in Hz) Sc Sy (J in Hz) Sc
1 1.75, m 40.8, CH, 1.93, m 33.6,CH, 1 2.41, m 43.7, CH, 40.2, C 39.3, C
2.23, m 1.40, m 0.98, m
2 2.45, m 34.6, CH, 1.74, m 26.3,CH, 2 195, m 46.3, CH, 1.99, br d (15.2) 39.5, CH, 2.06, br d (15.2) 38.6, CH,
2.62, m 0.99, m 1.50, br d (15.2) 1.36, br d (15.2)
3 216.8, C 3.62, m 75.2, CH 3 3.97, m 72.5, CH 4.12, m 69.9, CH 4.05, m 68.4, CH
4 48.2, C 379, C 4 43.8, C 3.88, m 84.3, CH 3.85, m 82.9, CH
5 1.37, m 56.0, CH 2.54, m 48.7, CH 5 1.87,d (12.6) 55.9, CH 2.40, m 35.2, CH 2.36, m 33.3, CH
6 1.50, m 20.4, CH, 1.57, m 18.7,CH, 6 3.27,d (12.6) 49.8, CH 82.5, C 80.2, C
1.47 (m)
1.47, m 7 175.5, C 5.67, br s 135.0, CH 5.55,d (15.7) 132.9, CH
7 2.03, m 33.4, CH, 1.40, m 33.5,CH, 8 48.5, C 5.67, br s 135.6, CH 5.73, dd (15.7,6.0) 135.3, CH
1.82, m 9 1.45, dd (10.2,7.8) 52.0, CH 4.41, m 71.0, CH 4.29, m 69.4, CH
8 429, C 40.2, C 10 44.7, C 1.28, d (6.4) 25.2, CH; 1.24,d (6.4) 24.3, CH3
9 1.89,d (8.5) 52.5, CH 2.03, m 48.1, CH 11 2.36, m 35.5, CH, 1.10, s 29.3,CH; 1.11,s 27.8, CH3
10 38.5, C 37.6, C 211, m
11 3.87, m 76.6, CH 1.26, m 24.0,CH, 12 207.8, C 0.88, s 27.9,CH; 0.85,s 26.6, CH3
12 5.78, br's 122.6, CH 531, m 122.7, CH 13 3.06, br s 56.4, CH 1.01,d (7.2) 14.6, CH; 1.04,d (7.2) 13.1, CH3
13 148.5, C 145.7, C 14 2.00, d (12.0) 36.7, CH,
14 43.3, C 42.1, C 1.84, dd (12.0,4.8)
15 2.08, m 28.8, CH, 2.54, m 26.4, CH, 15 2.20, d (15.6) 45.9, CH,
16 2.08, m 24.0, CH, 2.14, m 28.1, CH, 2.13, d (15.6)
1.96, m 1.00, m 16 145.4, C
17 46.9, C 71.0, C 17 4.99, s 110.5, CH,
18 3.38, m 42.2, CH 1.74, m 49.4, CH 18 1.14, s 29.3, CHj3
19 1.79, m 46.6, CH, 1.73, m 489, CH, 19 178.6, C
1.35, m 20 0.76, s 15.5, CHs
20 31.4,C 31.2,C 1’ 4.18,d (7.8) 102.2, CH 4.44,d (8.0) 103.9, CH 4.27,d (7.8) 102.9, CH
21 1.42, m 35.2, CH, 1.37, m 37.1, CH, 2/ 2.87,t (8.4) 73.6, CH 3.29, t (8.0) 75.6, CH 3.28, t (7.8) 75.1, CH
1.21, m 1.27, m 3 3.12, t (8.4) 76.8, CH 3.49, t (8.0) 78.8, CH 3.33,t(7.8) 78.2, CH
22 1.36, m 33.5, CH, 1.99, m 38.8, CH, 4 3.0, m 70.1, CH 3.40, t (8.0) 72.6, CH 3.13,t (7.8) 71.8, CH
1.20, m 5 3.05, m 76.7, CH 3.35, m 78.5, CH 3.24, m 78.3, CH
23 1.18, s 27.0, CH3 091, s 29.4, CH; 6 3.63,d (11.4) 61.1, CH, 3.92,d (12.0) 63.5, CH, 3.86,d (12.0) 63.0, CH,
24 1.05, s 22.0, CH3 1.23, s 22.8, CH3 3.40, dd (11.4,4.8) 3.72, dd (12.0,5.2) 3.67, dd (12.0,6.0)
25 1.05, s 16.9, CH3 0.98, s 15.4, CH3
26 1.39, s 19.3, CH3 1.23, s 18.0, CH3
27 1.35, s 25.8, CH3 1.15, s 25.7, CH3
28 181.1,C
29 0.94, s 33.6, CH3 0.88, s 33.0, CH3
30 1.00, s 24.1, CH;3 0.95, s 24.1, CH3
11-0CHs 3.25, s 54.6, OCHs

2 Recorded in pyridine-ds.
b Recorded in DMSO-dg.

¢ Recorded in D,0.

4 Recorded in CD30D.

H-3 (6 3.97, m)/H3-20 (6y 0.76, s) and H3-20 (6y 0.76, s)/H-6 (6u
3.27, d, J =12.6 Hz) confirmed that H-3 was a-oriented (Fig. 2).
Therefore, the structure of the aglycone of 3 was consistent with that of
12-0x0-GA4 (Gaskin et al., 1984). The HMBC correlations of H-1’ (8y
4.18,d, J = 7.8 Hz)/C-3 (8¢ 72.5) indicated that a glucosyl residue was
connected to the hydroxy group at C-3 (Fig. 2). The absolute config-
uration of the sugar unit was identified as p-glucose by HPLC analysis
after acid hydrolysis and derivatization (Su et al., 2018). Compound 3
was identified as 12-0x0-GA14-3-O-B-p-glucopyranoside.

Compound 4 was assigned the molecular formula C;9H3409 from its
HRESIMS results (m/z 429.2087 [M + Nal™, caled. for C;9H34NaOo,
429.2095) and had three degrees of unsaturation. The IR spectrum of 4
showed absorption bands at 3368, 1452, and 1079 cm™?, which in-
dicated the presence of hydroxy, olefinic, and ether groups, respec-
tively. The peaks in the 'H NMR, '*C NMR, HSQC, and HMBC spectra of
4, except for the six signals of the glucosyl unit, were consistent with
the planar structure of wilsonol B (Shu et al., 2013). According to the
HMBC correlations of H-1’ (6y 4.44, d, J = 8.0 Hz)/C-4 (6¢ 84.3), the
sugar moiety was attached to the 4-position of the aglycone (Fig. 2). To
further unambiguously confirm the relative and absolute configurations
of 4, its aglycone (4a) was obtained using enzymatic hydrolysis (Gu
et al., 2013). The relative configuration of 4a was determined from the
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coupling constants (see 4.5.1) and NOE data (Fig. 3). The NOEs of H-5
(6u 2.23)/H-7 (84 5.55) and H-5 (8y 2.23)/H3-11 (6y 1.14) determined
the axial-axial relationships between H-5 and H-11, and between H-5
and H-7, the latter of which confirmed the substituting group con-
taining H-7 is equatorially oriented (Fig. 3). It also clarified the same
orientations (f8) of H-5, H-7, and H-11. In addition, the Jy.5.1.4 (2.8 Hz)
and Jy.4.11.3 (3.2 Hz) values confirmed axial-equatorial and equatorial-
equatorial couplings, respectively. The absolute configuration of C-9 in
the side chain of 4a was determined to be R using Mosher's method
(Fig. S98) (Shu et al., 2013). The absolute configuration of the cyclo-
hexane ring in 4a was established by comparing experimental and
calculated electronic circular dichroism (ECD) data (Fig. 4), which gave
only two possible candidate stereoisomers, 4a-1 and 4a-2 (Fig. 4).
Conformational analysis of 4a-1 showed nine lowest-energy con-
formers. These conformers were further optimized at the B3LYP/6-
31G(d) level. The ECD spectra of the different conformers were simu-
lated with a half-bandwidth of 0.35 eV, and the overall theoretical ECD
spectra were obtained according to the Boltzmann weighting of each
conformer. The experimental ECD spectrum of 4a [An.x (Ae) 200
(—3.63)] was similar to the calculated ECD curve of 4a-1 (3S, 4S, 5R,
6R), but the opposite of that of 4a-2 (3R, 4R, 58, 6S) (Fig. 4). Therefore,
the relative and absolute configurations of 4a were totally consistent
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Fig. 2. Key HMBC correlations (blue arrow) and NOEs (red arrow) of compounds 1-8. (For interpretation of the references to colour in this figure legend, the reader

is referred to the Web version of this article.)

with those of wilsonol B (Shu et al., 2013). The absolute configuration
of the sugar unit was assigned as p-glucose by HPLC analysis of thio-
carbamoyl-thiazolidine derivatives of the acid hydrolysis product (Su
et al, 2018). Therefore, compound 4 was named as
(3S,4S,5R,6R,7E,9R)-3,6,9-trihydroxy-megastigm-7-en-4-O-f3-p-gluco-
pyranoside.

Compound 5 gave the same HRESIMS ion at m/z 429.2092 [M +
Na] ™ (caled. for C;9H34NaOg, 429.2095) as compound 4, which meant
it had the same molecular formula (C;9H3405). The 'H NMR, 3C NMR,
HSQC, and HMBC spectra showed that compounds 4 and 5 had the
same planar structure. The stereostructure of 5 was determined after
hydrolysis. The hydrolysate of 5 (5a) (Figs. 3 and 5) had the same re-
lative and absolute configurations as 4a (Figs. 3 and 4), except for the
configuration of C-9, which was confirmed to be S using Mosher's

method (Fig. S98) (Shu et al., 2013). Therefore, the aglycone of 5 was
unambiguously identified as wilsonol A (Shu et al., 2013). The absolute
configuration of the sugar residue was determined to be p-glucose by
HPLC analysis after acid hydrolysis and derivatization (Su et al., 2018).
Therefore, compound 5 was named as (3S,4S,5R,6R,7E,9S)-3,6,9-tri-
hydroxy-megastigm-7-en-4-0--p-glucopyranoside.

According to the HRESIMS signal at m/z 595.2383 [M — H] ~ (calcd.
for C29H39013, 595.2396) in negative ion mode, the molecular formula
of 6 was Cy9Hy40O13. The IR spectrum contained absorption bands for
hydroxy (3363 cm ™Y, carbonyl (1706 cm ™Y, phenyl (1600,
1508 cm ™ 1), olefinic (1452 cm ™ '), and ether (1048 cm ™ ') groups. The
'H and 'C NMR spectra showed 6 contained sesquiterpene, phenyl,
and glycosyl moieties. The sesquiterpene moiety was determined to be a
dihydrophaseic group, featuring three methyl groups {CH3-15” [§; 2.12

Fig. 3. Key NOEs of 2, 4a and 5a.
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Fig. 4. (a) Structures of 4a-1 and 4a-2; (b) experimental ECD spectrum of 4a in
MeOH and calculated ECD spectra of 4a-1 and 4a-2.

(3H, s), 6¢c 21.3], CH3-14” [6y4 1.18 (3H, s), ¢ 19.7], and CH3-13” [y
0.95 (3H, s), 6c 16.4]1}, three methylenes {CH>-12” [y 3.84 (d,
J=7.2Hz), 3.74 (d, J=7.2Hz); éc 77.3], CH,-3” [6y 2.08 (dd,
J =13.6, 6.4Hz), 1.78 (dd, J = 13.6, 10.4 Hz); &¢ 46.0], and CH,-5”
[6y 1.89 (dd, J = 13.6, 7.2 Hz), 1.68 (m); éc 44.6]}, two coupled ole-
finic methines {CH-8” [8y 8.00 (d, J = 15.6 Hz); ¢ 131.7] and CH-7”
[8y 6.58 (d, J = 15.6 Hz); 5 135.8]}, one olefinic methine {CH-10” [y
5.76 (s); 8c 118.5]}, one oxygenated methine {CH-4” [§y 4.13 (m), &¢c
66.0]}, one carbonyl group C-117 (8¢ 167.3), and four quaternary
carbons {[6¢ 152.1 (C-9”), 87.8 (C-2”), 83.3 (C-17), and 49.6 (C-6")]}.
The coupling constant of 15.6 Hz between H-7” and H-8” indicated that
the C,» = Cg~ double bond had a trans configuration. Other signals were
attributed to a 2,6-dimethoxy-p-hydroquinone-1-O-glucopyranosyl
moiety. The HMBC correlations between H-6’ (6 4.39) and C-11” (§¢
167.3) showed that these two moieties were linked (Fig. 2). Compound
6 was hydrolyzed under alkaline conditions to obtain dihydrophaseic
acid (6a) (Milborrow, 1975; Zhang et al., 2010) and 2,6-dimethoxy-p-
hydroquinone-1-O-3-glucopyranoside (6b) (Otsuka et al., 1989)
(Fig. 6). The relative configuration of 6a was assigned according to the
NOE spectrum. The NOEs of H-4” (8y 4.08, m)/H-12” (6y 3.77, d,
J = 7.2Hz), H3-13” (6y 0.89, s)/H-7” (6y 6.48, d, J = 16.2 Hz), and H3-
14”7 (8y 1.11, s)/H-7” (8y 6.48, d, J = 16.2 Hz) indicated that H-4” and
CH,-12” had a-orientations, whereas H3-13”, H3-14”, and CH-7” had -
orientations (Fig. 6). The NOEs of H3-15” (8 2.04, s)/H-7” (6y 6.48, d,
J = 16.2Hz) and H-10” (8y 5.73, s) reflected the Z geometry of the
terminal double bond (Co» = Cj¢~) in 6a (Fig. 6). ECD calculations were
used to determine the absolute configuration of compound 6a. The
experimental ECD spectrum of dihydrophaseic acid (6a) showed a ne-
gative Cotton effect at 259 nm (Ae = — 0.949) (Fig. 7). Two stereo-
isomers, 6a-1 and 6a-2, were considered as candidates for the ECD
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Fig. 5. (a) Structures of 5a-1 and 5a-2; (b) experimental ECD spectrum of 5a in
MeOH and calculated ECD spectra of 5a-1 and 5a-2.

calculations. The seven lowest-energy conformers of 6a-1 were ob-
tained after conformational analysis. The conformers were further op-
timized at the APFD/6-31g(d)level. Theoretical ECD spectra were then
obtained according to the Boltzmann weighting of each conformer.
Comparison of the calculated ECD spectrum of 6a-1 with the experi-
mental ECD spectrum of 6a showed good agreement. Therefore, the
absolute configuration of 6a was determined to be 17S,2”R,4”S,6”R. The
absolute configuration of the glucosyl residue was established as p-
glucose by HPLC analysis after acid hydrolysis and derivatization of 6b
(Su et al., 2018). Therefore, compound 6 was assigned as 2,6-di-
methoxy-p-hydroquinone-1-O-$-b-[6’-0-(1”S,2”R,4”S,6”R,7”E,9” Z)-di-
hydrophaseyl]-glucopyranoside.

The positive-ion HRESIMS of 7 contained a peak for a sodiated
molecular ion at m/z 629.2558 (calcd. for C3;H4oNaO¢5, 629.2568),
which corresponded to a molecular formula of C3;H45015. The 'H NMR
spectrum showed that 7 also contained a dihydrophaseic moiety (7a)
that was the same as that of 6a. The other signals included one ABX
system (8y 7.06, d, J = 1.6 Hz; 7.02, d, J = 8.0 Hz; 6.88, dd, J = 8.0,
1.6 Hz), two olefinic signals (6y 6.53, d, J = 16.0 Hz; 6.28, dt, J = 16.0,
5.6 Hz), one oxygenated methylene (6y 4.22, 2H, dd, J = 5.6, 1.2 Hz),
and six glucosyl signals [8y 4.85 (overlapped), 4.40 (2H, m), 3.65 (m),
3.52 (t, J = 7.8Hz), 3.47 (t, J = 8.4Hz), and 3.41 (t, J = 8.4Hz)],
which were assigned to a 4-(3’-hydroxypropenyl)-2-methoxyphenyl-1-
O-glycopyranosyl moiety (Zhou et al., 2000). The HMBC correlations of
H-6” (6y 4.40, m)/C-11" (8¢ 167.4) confirmed that these two moieties
were connected (Fig. 2). The absolute configuration of the glucosyl
residue was established as p-glucose by HPLC analysis after acid hy-
drolysis and derivatization of 7b (Su et al., 2018), which was obtained
after basic hydrolysis of 7 (Hong et al., 2017). Compound 7 was
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Fig. 7. (a) Structures of 6a-1 and 6a-2; (b) experimental ECD spectrum of 6a in
MeOH and calculated ECD spectra of 6a-1 and 6a-2.

assigned as 4-(3’-hydroxypropenyl)-2-methoxyphenyl-1-O-3-p-{6”-O-
[(1”S,2”R,4”S,6”R,7"E,9” Z)-dihydrophaseic acyl]}-glucopyranoside.
Compound 8 had a molecular formula of C3;H44014, which was
deduced from the HRESIMS ion at m/z 663.2634 (calcd. for
Cs1H44NaO, 4, 663.2623). The 'H and '>C NMR spectra of 8 (Table 2)
were similar to those of 7. However, two olefinic resonances in the
spectrum of 7 were replaced by two oxygenated methine signals [H-1
(81 4.61, d, J = 5.6 Hz), C-1’ (8¢ 76.4); and H-2’ (81 3.82, m), C-2’ (8¢
78.3)] in the spectrum of 8. To confirm the relative configuration of the
two additional hydroxy groups, basic hydrolysis was performed to ob-
tain 8a and 8b (Hong et al., 2017). The structure of 8a is the same as
those of 6a and 7a. The structure of 8b was determined to be 2-
methoxy-4-(1’,2’,3’-trihydroxypropyl)-phenyl-1-O-glucopyranoside by
comparison of its HRESIMS, H NMR, and '3C NMR data with those
reported in the literature (Comet et al., 1997; Ishikawa et al., 2002).
The '>C NMR chemical shifts of the two oxygenated methines (C-1: 8¢
74.5; and C-2: 8¢ 77.6) in 8b were similar to the corresponding *3C
NMR signals in threo-2-methoxy-4-(1/,2",3’-trihydroxypropyl)-phenol
(C-1": 8¢ 74.9; C-2”: 8¢ 77.8) (Ishikawa et al., 2002), but different from
those in erythro-2-methoxy-4-(1’,2’,3’-trihydroxypropyl)-phenol (C-1":
8¢ 76.1; C-2": 8¢ 76.5) (Ishikawa et al., 2002), which suggested that H-1"
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Fig. 6. Structure and key NOEs of 6a; Structure of 6b.

and H-2’ of 8b were in the threo form. Compound 8b was further hy-
drolyzed using snailase to obtain the aglycone (8b-1) (Gu et al., 2013).
The absolute configurations of H-1” and H-2" were confirmed according
to the reported optical values. A negative optical value would indicate
the 1'R,2’R form of threo-2-methoxy-4-(1’,2’,3’-trihydroxypropylD)-
phenol and a positive optical value would indicate the 1’S,2’S form of
threo-2-methoxy-4-(1’,2’,3’-trihydroxypropyl)-phenol (Takeshita et al.,
1992; Ishikawa et al., 2002). Therefore, 8b-1 was confirmed to be 2-
methoxy-4-[(1’S,2’S)-1/,2/,3’-trihydroxypropyl]-phenol due to its posi-
tive optical value. The absolute configuration of the glucosyl residue
was established as p-glucose by HPLC analysis after acid hydrolysis and
derivatization of 8b (Su et al., 2018). Therefore, 8 was assigned as 2-
methoxy-4-[(1’S,2’S)-1/,2",3’-trihydroxypropyl]-phenyl-1-O-3-p-{6”-O-

[(1”S,2”R,4”S,6”R,7"E,9” Z)-dihydrophaseic acyl]}-glucopyranoside.

The 95% ethanol extract and its EtOAc and n-BuOH fractions of S.
rubriflora leaves and twigs significantly inhibited ear inflammation in
mice caused by croton oil, with 33.6%, 35.7%, and 40.6% inhibition
(P < 0.05) compared to the control group.

To identify the anti-inflammatory components of the 95% ethanol
extract of S. rubriflora, the isolated compounds were tested for TNF-a
and IL-6 inhibition. Compounds 2-5 inhibited mRNA expression of
TNF-a and IL-6 in LPS-induced RAW 264.7 macrophages, with ICsq
15.3-52.4 uM (Table 3).

3. Conclusion

The present study demonstrated the anti-inflammatory effects of a
95% EtOH extract of S. rubriflora in vivo. Eight previously undescribed
triterpenes and triterpene glycosides (compounds 1-8) were isolated
from the 95% EtOH extract of S. heptaphylla, four of which (2-5)
showed anti-inflammatory activity, with the inhibition of TNF-a and IL-
6 in LPS-induced RAW 264.7 macrophages (ICso 15.3-52.4 uM). The
only structural difference between 4 and 5 is the absolute configuration
at C-9, which may have caused the different anti-inflammatory activity:
the TNF-a and IL-6 inhibition of 9R (4) are both better than that of 9S
(5). Three ester derivatives (6-8) consisting of sesquiterpenes and
phenolic glycosyl moieties were newly determined, and shown not to be
artefacts using HPLC/(+ )ESIMS (Fig. S97).

4. Experimental
4.1. General experimental procedures

Optical rotation was measured using a Jasco P-2000 digital polari-
meter (Jasco, Tokyo, Japan). UV spectra were collected in methanol
using a Jasco V-650 UV-Vis spectrophotometer. Fourier-transform in-
frared spectroscopy was performed using a Nicolet 5700 ATR-FTIR
spectrometer (Thermo Fisher Scientific, Waltham, MA, USA). 'H and
13C NMR spectra were acquired using a Bruker Avance III 400 MHz (or
500 MHz) NMR spectrometer (Bruker BioSpin GmbH, Rheinstetten,
Germany) or an Agilent VNMRS 600 MHz NMR spectrometer (Palo
Alto, CA, USA). HRESIMS spectra were recorded with an Agilent 1200
SL series LC/6520 QTOF spectrometer (Agilent, Boblingen, Germany)
or a Thermo Fisher Scientific Q Exactive Focus Hybrid Quadrupole-
Orbitrap mass spectrometer (Waltham, MA, USA). Sephadex LH-20 (GE
Healthcare Bio-Sciences AB, Uppsala, Sweden) and C-18 (50 um; YMC,
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Table 2
'H NMR and '3C NMR spectroscopic data of compounds 6 —8.
Position 6" position 7° 8"
Sy (J in Hz) 8¢ Sy (J in Hz) Sc Sy (J in Hz) 8¢
1 129.3, C 1 147.4, C 147.8, C
2 154.9, C 2 150.2, C 151.4, C
3 6.13, s 94.0, CH 3 7.06, d (1.6) 111.4, CH 7.05, s 113.7, CH
4 156.1, C 4 133.7, C 138.9, C
5 6.13, s 94.0, CH 5 6.88, dd (8.0, 1.6) 120.6, CH 6.85, d (8.0) 122.1, CH
6 154.9, C 6 7.02, d (8.0) 118.2, CH 7.01, d (8.0) 118.8, CH
1’ 4.64, d (7.8) 106.1, CH 1’ 6.53, d (16.0) 131.3, CH 4.61, d (5.6) 76.4, CH
2/ 3.44, m 75.5, CH 2/ 6.28, dt (16.0, 5.6) 128.9, CH 3.82, m 78.3, CH
3 3.45, m 77.8, CH 3 4.22, dd, (5.6, 1.2) 63.7, CH, 3.49, dd (12.0, 3.0) 65.3, CH,
4 3.43, m 71.7, CH 3.39, dd (12.0, 6.6)
5 3.53, m 75.6, CH 1” 4.85, overlapped 102.7, CH 5.00, d (6.4) 103.4, CH
6’ 4.39, d, (12.0) 64.1, CH, 27 3.52, t, (7.8) 74.9, CH 3.63, m 75.6, CH
4.33, dd (12.0,3.6) 3” 3.47,t, (8.4) 77.8, CH 3.85, m 78.3, CH
1” 83.3,C 4” 3.41, t, (8.4) 71.8, CH 3.57, t (9.0) 72.8, CH
2” 87.8, C 5” 3.65, m 75.6, CH 3.67, m 76.3, CH
3a 2.08, dd (13.6, 6.4) 46.0, CH, 6” 4.40, m 64.1, CH, 4.46, m 65.4, CH,
3B 1.78, dd (13.6, 10.4) 1” 83.3,C 85.3, C
4” 413, m 66.0, CH 2” 87.8, C 89.7, C
5"a 1.89, dd (13.6, 7.2) 44.6, CH, 3”a 2.02, m 46.1, CH, 1.79, m 46.3, CH,
5B 1.68, m 3”8 1.73, m 1.89, m
6” 49.6, C 4" 4.10, m 66.0, CH 4.14, m 67.5, CH
7" 6.58, d (15.6) 135.8, CH 5”a 1.85, m 44.6, CH, 1.90, m 44.8, CH,
8” 8.00, d (15.6) 131.7, CH 5”8 1.66, m 1.60, m
9” 152.1, C 6" 49.6, C 50.6, C
10”7 5.76, s 118.5, CH 7" 6.56, d (16.0) 135.8, CH 6.51, d (16.2) 136.8, CH
117 167.3, C 8” 8.00, d (16.0) 131.7, CH 7.76, d (16.2) 133.2, CH
127 3.84,d (7.2) 77.3, CHy 9” 152.3, C 155.0, C
3.74,d (7.2) 10” 5.82, s 118.4, CH 5.85, s 119.6, CH
13”7 095, s 16.4, CHs 11”7 167.4, C 170.3, C
147 1.18,s 19.7, CHs 127 3.88,d (7.2) 77.3, CH, 3.81,d (7.2) 78.3, CH,
157 2.12, s 21.3, CH3 3.72,d (7.2) 3.73,d (7.2)
2-OCH3 3.78, s 56.7, OCH3 13” 0.92, s 16.4, CH;3 0.88, s 17.9, CHs
6-OCH3 3.78, s 56.7, OCH3 14”7 1.09, s 19.7, CH;3 1.06, s 21.0, CH3
15” 212, s 21.4, CHj3 2.10, s 23.2, CH3
2-OCH3 3.88, s 56.7, OCHs 3.86, s 58.6, OCH3

2 Recorded in CD30D.
b Recorded in D,O.

Table 3
The inhibitory effects of compounds 2-5 against LPS-induced mRNA expression
of TNF-a and IL-6 in RAW 264.7 macrophages.

Compounds 1Cso (uM)

TNF-a IL-6
2 52.4 = 0.10 32.4 = 0.03
3 44.2 = 0.02 29.8 + 0.04
4 24.9 + 0.01 30.1 + 0.05
5 39.8 = 0.03 42.3 + 0.08
Positive control (kaempferol) 15.3 = 0.01 18.8 = 0.03

Kyoto, Japan) columns were used to fractionate the samples. Column
chromatography fractions were analyzed by HPLC (Agilent, Boblingen,
Germany).

4.2. Plant material

Leaves and twigs of Schefflera rubriflora C. J. Tseng & G. Hoo
(Araliaceae) were collected in Xishuangbanna District (GPS co-
ordinates: N 21°56’-22°17’, E 100°51’-101°04’), Yunnan Province,
China, in June 2013 (summer, wet season) and were identified by
Professor Lin Ma of the Institute of Materia Medica, Chinese Academy
of Medical Science and Peking Union Medical College, China. A voucher
specimen (ID-S-2478) was deposited in the Institute of Materia Medica,
Chinese Academy of Medical Science and Peking Union Medical
College, China.
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4.3. Extraction and isolation

Air-dried, powdered leaves and twigs from S. rubriflora (20.1 kg)
were extracted with 95% EtOH (3 x 50 L) under reflux conditions for
1.5 h. The combined extracts were concentrated under reduced pressure
to afford the crude extract (1.5kg), which was then suspended in H,0
and successively partitioned with petroleum ether, EtOAc, and n-BuOH.

The EtOAc extract (109 g) was subjected to chromatography over
silica gel (160-200 mesh) with a gradient elution of petroleum
ether-acetone (10:0 — 3:7) to give 12 fractions (1-12). Fraction 2
(23 g) was subjected to chromatography on a C-18 column with a
gradient elution of MeOH—H,0 (6:4 — 10:0), followed by a Sephadex
LH-20 column (MeOH—H,O0, 8:2), and then further purified by semi-
preparative HPLC to afford compounds 1 (25 mg; eluent: CH;CN—H,0,
7:3) and 2 (30 mg; CH3CN—H,0, 8:2).

The n-BuOH fraction (510 g) was subjected to chromatography on a
Diaion HP-20 macroporous resin column, and eluted with H,O followed
by 10%, 30%, 50%, 70%, and 95% aq. EtOH. The 30% EtOH fraction
(80 g) was subjected to chromatography on a C-18 column, eluting with
a gradient of MeOH—H,0 (5:95 — 100:0) to yield 14 fractions (1-14).
Fraction 2 (3.4 g) was subjected to chromatography on a Sephadex LH-
20 column and further purified by preparative HPLC to yield com-
pounds 3 (36 mg; eluent: MeOH—H,0, 3:7), 4 (100 mg; MeOH—H,O,
2:8), and 5 (40 mg; MeOH—H,O0, 2:8). Fraction 6 (4.0 g) was subjected
to chromatography on a Sephadex LH-20 column (MeOH—H,0, 3:7)
and then purified by semi-preparative HPLC by isocratic elution with
MeOH—-H-0 (3:7) to obtain compounds 6 (70 mg), 7 (60 mg), and 8
(88 mg).
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4.3.1. 3-Oxo-11a-methoxy-olean-12-en-28-oic acid (1)

White powder; [a]Z’ + 10.9 (c 0.1, MeOH); UV (MeOH) Apax (log €)
205 (1.16), 250 (0.71), 255 (0.73) nm; IR vmax 2935, 1756, 1705,
1603 cm ™. For 'H (500 MHz) and '3C NMR (100 MHz) spectroscopic
data, see Table 1. HRESIMS (negative ion) m/z 483.3479 [M — H]~
(caled. for C31H4704, 483.3480).

4.3.2. 28-Norolean-12-en-3a,17f-diol (2)

White powder; [a]’ + 51.9 (c 0.1, MeOH); UV (MeOH) Apax (log €)
204 (0.86) nm; IR vpay 3360, 2920, 1631, 1385, 1121, 1071 cm L. For
H (500 MHz) and *C NMR (125 MHz) spectroscopic data, see Table 1.
HRESIMS (positive ion) m/z 451.3542 [M + Nal* (caled. for
CaoHugNaO,, 451.3546).

4.3.3. 12-Ox0-GA 14-3-O-B-p-glucopyranoside (3)

White powder; [a] 20 _ 50.4 (¢ 0.1, MeOH); UV (MeOH) Apax (log &)
206 (0.94), 255 (0.17) nm; IR vmax 3392, 2945, 1701, 1562, 1104,
1080 cm ™. For 'H (600 MHz) and '3C NMR (150 MHz) spectroscopic
data, see Table 1. HRESIMS (negative ion) m/z 523.2184 [M — H]~
(caled. for Cy6H35047, 523.2185).

4.3.4. (3S,4S,5R,6R,7E,9R)-3,6,9-trihydroxy-megastigm-7-en-4-O-f3-p-
Glucopyranoside (4)

White powder; [a]2’ — 47.9 (c 0.1, MeOH); UV (MeOH) Apax (l0g €)
203 (0.65) nm; IR vpax 3368, 2925, 1452, 1079cm™!. For 'H
(400 MHz) and '3C NMR (100 MHz) spectroscopic data, see Table 1.
HRESIMS (positive ion) m/z 429.2087 [M + Nal* (caled. for
C19H34Na09, 4292095).

4.3.5. (3S,4S,5R,6R,7E,9S)-3,6,9-trihydroxy-megastigm-7-en-4-O-f3-p-
Glucopyranoside (5)

White powder; [a]Z® — 43.8 (¢ 0.1, MeOH); UV (MeOH) Ap.x (log €)
203 (0.55) nm; IR vmax 3379, 2925, 1452, 1078cm™'. For 'H
(400 MHz) and '3C NMR (100 MHz) spectroscopic data, see Table 1.
HRESIMS (positive ion) m/z 429.2092 [M + Nal]* (caled. for
C19H34N309, 4292095).

2,6-Dimethoxy-p-hydroquinone-1-O-f3-p-[6’-O-
(1”S,2”R,4”S,6"R,7"E,9”Z)-dihydrophaseyl]-glucopyranoside (6)

White powder; [a]2’ — 42.0 (¢ 0.1, MeOH); UV (MeOH) . (log €)
204 (1.82), 268 (1.37) nm; IR vpmax 3363, 1706, 1600, 1508, 1452,
1048 cm !, For 'H (600 MHz) and '*C NMR (150 MHz) spectroscopic
data, see Table 2. HRESIMS (negative ion) m/z 595.2383 [M — H]~
(Calcd. for C29H39013, 595.2396)

4.3.7. 4-(3’-hydroxypropenyl)-2-methoxyphenyl-1-O-f-p-{6”-O-
[(1”S,2"”R,4”S, 6”R,7"E,9”Z)-dihydrophaseic acyl]}-glucopyranoside
)

White powder; [a]Z’ — 40.0 (c 0.1, MeOH); UV (MeOH) Apax (log €)
203 (0.71), 266 (0.40) nm; IR vy 3404, 1706, 1600, 1508, 1452,
1074 cm ™. For 'H (400 MHz) and '*C NMR (100 MHz) spectroscopic
data, see Table 2. HRESIMS (positive ion) m/z 629.2558 [M + Na]™*
(Calcd. for C31H42Na012, 629.2568)

4.3.8. 2-Methoxy-4-[(1’S,2’S)-1’,2’,3’-trihydroxypropyl]-phenyl-1-O-B-p-
{6”7-0-[(1"S, 2"R,4”S,6”R,7"E, 9" Z)-dihydrophaseic acyl]}-
glucopyranoside (8)

White powder; [a]Z’ — 35.0 (c 0.1, MeOH); UV (MeOH) Apax (l0g €)
203 (1.60), 233 (1.21), 270 (1.24) nm; IR vy, 3374, 1702, 1597, 1512,
1453, 1077 cm ™', For 'H (400 MHz) and '*C NMR (100 MHz) spec-
troscopic data, see Table 2. HRESIMS (positive ion) m/z 663.2634 [M
+ Na] ™ (caled. for Cg,H44NaO14, 663.2623).

4.4. Alkaline hydrolysis of 6-8

Compounds 6-8 (30 mg each) were hydrolyzed according to a
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reported method (Hong et al., 2017), by individually mixing them with
MeOH (2.0mL), N,N-dimethylformamide (2.0mL), and 1N LiOH
(2.0mL), and stirring overnight at room temperature, respectively.
Each mixture was then neutralized with 1 N HCI and extracted with n-
BuOH three times. The n-BuOH extract was separated by preparative
HPLC (MeOH-1% formic acid in H,0; 30:70) to give purified hydro-
lysates 6a (12 mg) and 6b (11 mg); 7a (10 mg) and 7b (9 mg); and 8a
(11 mg) and 8b (10 mg), respectively.

4.4.1. Hydrolysate of 6 (6a)

HRESIMS (positive ion) m/z 305.1349 [M + Nal* (caled. for
C;5H25NaOs, 305.1359). H NMR (CD30D, 600 MHz) 6y 7.95 (1H, d,
J =16.2Hz, H-8”), 6.48 (1H, d, J = 16.2 Hz, H-7”), 5.73 (1H, s, H-10"),
4.08 (1H, m, H-4”), 3.77 (1H, d, J = 7.2Hz, H-12"a), 3.68 (1H, d,
J = 7.2 Hz, H-12"b), 2.04 (3H, s, H-15”), 2.03 (1H, m, H-3”a), 1.83 (1H,
m, H-5"a), 1.69 (1H, m, H-3"B), 1.62 (1H, m, H-5"B), 1.11 (3H, s, H-
14”), 0.89 (3H, s, H-13”). 1*C NMR (CDs0D, 150 MHz) é¢ 170.3 (C-
117), 150.8 (C-9”), 134.9 (C-77), 132.0 (C-8”), 120.1 (C-107), 87.9 (C-
2", 83.4 (C-1"), 77.4 (C-127), 66.1 (C-4"), 49.3 (C-6”), 46.1 (C-3"), 44.6
(C-57), 21.3 (C-151), 19.8 (C-147), 16.5 (C-13”). ECD (c,
1.31 X 10~ > M, MeOH) Amax (Ae) 259 nm (— 0.95). The structures of 7a
and 8a were the same as that of 6a.

4.4.2. Hydrolysate of 6 (6b)

ESIMS (positive ion) m/z 355 [M + Na] +. 'H NMR (CD30D,
500 MHz) 8y 6.06 (2H, d, J = 1.5Hz, H-3, 5), 4.61 (1H, d, J = 7.5Hz,
H-1%), 3.73 (6H, s, 2, 6-OCHs), 3.61 (1H, dd, J = 12.0, 5.0 Hz, H-6’a),
3.40 (1H, m, H-6’b), 3.36 (1H, m, H-3’), 3.33 (1H, m, H-2"), 3.25 (1H,
m, H-5", 3.13 (1H, m, H-4"). 13C NMR (CD30D, 125 MHz) 8¢ 156.3 (C-
4), 155.0 (C-2, 6), 129.9 (C-1), 106.5 (C-1"), 94.8 (C-3, 5), 78.5 (C-5"),
78.1 (C-39), 76.0 (C-2"), 71.6 (C-4"), 62.9 (C-6"), 57.1 (2, 6-OCH3).

4.4.3. Hydrolysate of 7 (7b)

HRESIMS (positive ion) m/z 365.1206 [M + Nal* (caled. for
C16H2oNaOg, 365.1207). 'H NMR (CD50D, 400 MHz) 8 7.12 (1H, d,
J = 8.0 Hz, H-6), 7.09 (1H, br s, H-3), 6.96 (1H, br d, J = 8.0 Hz, H-5),
6.57 (1H, d, J = 15.6 Hz, H-1"), 6.25 (1H, dt, J = 15.6, 6.0 Hz, H-2"),
4.91 (1H, d, J = 7.8 Hz, H-1”), 4.11 (2H, d, J = 6.0 Hz, H-3"), 3.88 (3H,
s, 2-OCH3), 3.87 (1H, m, H-6"a), 3.71 (1H, m, H-6”b), 3.52 (1H, m, H-
37), 3.50 (1H, m, H-5"), 3.49 (1H, m, H-2”), 3.41 (1H, m, H-4”). '3C
NMR (CD50D, 150 MHz) §¢ 151.0 (C-2), 147.9 (C-1), 133.3 (C-4), 131.0
(C-1’, 29, 121.0 (C-5), 118.0 (C-6), 111.6 (C-3), 102.9 (C-1"), 78.4 (C-
3”), 78.0 (C-57), 75.0 (C-2"), 71.3 (C-4"), 63.8 (C-3"), 62.6 (C-67), 56.9
(2-OCHa).

4.4.4. Hydrolysate of 8 (8b)

HRESIMS (positive ion) m/z 399.1266 [M + Nal* (caled. for
C16H24Na01, 399.1262). "H NMR (CD50D, 600 MHz) & 7.14 (1H, d,
J = 8.4Hz, H-6), 7.09 (1H, d, J = 1.2 Hz, H-3), 6.93 (1H, dd, J = 8.4,
1.2 Hz, H-5), 4.89 (1H, d, J = 7.8 Hz, H-17), 4.60 (1H, d, J = 6.0 Hz, H-
1’), 3.88 (3H, s, 2-OCH5), 3.87 (1H, d, J = 12.6 Hz, H-6"a), 3.71 (1H,
dd, J = 12.6, 4.2 Hz, H-6"b), 3.68 (1H, m, H-2"), 3.65 (1H, m, H-5"),
3.53 (1H, m, H-3”), 3.48 (1H, m, H-2”), 3.45 (1H, m, H-4”), 3.41 (2H,
m, H-3"). 13C NMR (pyridine-ds, 150 MHz) 8¢ 149.8 (C-2), 147.1 (C-1),
138.6 (C-4), 119.9 (C-5), 115.9 (C-6), 112.1 (C-3), 102.4 (C-17), 78.7
(C-5"), 78.6 (C-37), 77.6 (C-29), 74.9 (C-2"), 74.5 (C-1"), 71.2 (C-4"),
64.3 (C-3"), 62.3 (C-6”), 55.8 (2-OCHay).

4.5. Engymatic hydrolysis of 4, 5, and 8b

Compound 4 (10 mg), 5 (10 mg), or 8b (10 mg) was hydrolyzed
using a previously reported method (Gu et al., 2013), by their separate
incubation with snailase in sodium acetate buffer (pH 4.5) at 37 °C for
48h. To end the enzymatic reaction, the mixture was put in a water
bath at 90 °C. Thereafter, each mixture was extracted with n-BuOH
three times to obtain a fraction containing the aglycone of 4, 5, or 8b,
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which was further separated by preparative HPLC (MeOH-1% formic
acid in H,0; 40:60) to give the purified hydrolysate of 4a (3.5 mg), 5a
(3.8 mg), or 8b-1 (4.5mg).

4.5.1. Hydrolysate of 4 (4a)

HRESIMS (positive ion) m/z 267.1568 [M + Na]* (calcd. for
C13H24NaO,, 267.1567). 'H NMR (CDsOD, 400 MHz) & 5.68 (1H, dd,
J =15.7, 5.9 Hz, H-8), 5.55 (1H, d, J = 15.7 Hz, H-7), 4.29 (1H, dq,
J = 6.4, 5.9 Hz, H-9), 3.91 (1H, dd, J = 3.2, 2.8 Hz, H-3), 3.64 (1H, br
s, H-4), 2.23 (1H, qd, J = 7.2, 2.8 Hz, H-5), 2.00 (1H, dd, J = 15.0,
3.2Hz, H-2a), 1.37 (1H, br d, J=15.0Hz, H-28), 1.24 (3H, d,
J = 6.4Hz, H-10), 1.14 (3H, s, H-11), 1.00 (3H, d, J = 7.2 Hz, H-13),
0.86 (3H, s, H-12). 13C NMR (CD30D, 100 MHz) 8¢ 135.2 (C-8), 132.7
(C-7), 81.6 (C-6), 77.1 (C-4), 72.4 (C-3), 69.3 (C-9), 39.3 (C-1), 38.4 (C-
2), 32.7 (C-5), 27.6 (C-11), 26.7 (C-12), 24.3 (C-10), 13.3 (C-13). ECD
(c, 2.04 x 103 M, MeOH) Amax (Ae) 200 (- 3.63).

4.5.2. Hydrolysate of 5 (5a)

HRESIMS (positive ion) m/z 267.1564 [M + Na]™ (calcd. for
Cy3Ho4NaOQ,, 267.1567). H NMR (CD30D, 400 MHz) 6y 5.68 (1H, dd,
J =15.7, 5.9Hz, H-8), 5.55 (1H, d, J = 15.7 Hz, H-7), 4.29 (1H, dq,
J = 6.4, 5.9 Hz, H-9), 3.91 (1H, m, H-3), 3.64 (1H, br s, H-4), 2.23 (1H,
qd, J = 7.2, 2.8 Hz, H-5), 2.00 (1H, dd, J = 15.0, 3.2 Hz, H-2a), 1.37
(1H, brd, J = 15.0 Hz, H-2f3), 1.24 (3H, d, J = 6.4 Hz, H-10), 1.13 (3H,
s, H-11), 1.03 (3H, d, J = 7.2 Hz, H-13), 0.83 (3H, s, H-12). 13C NMR
(CD30D, 100 MHz) 8¢ 135.2 (C-8), 132.7 (C-7), 81.6 (C-6), 77.1 (C-4),
72.4 (C-3), 69.4 (C-9), 39.3 (C-1), 38.4 (C-2), 32.7 (C-5), 27.6 (C-11),
26.7 (C-12), 24.3 (C-10), 13.4 (C-13). ECD (c, 1.87 x 1073 M, MeOH)
Amax (Ag) 200 (—3.63).

4.5.3. Hydrolysate of 8b (8b-1)

[a]Z° + 42.0 (c 0.5, MeOH) HRESIMS (positive ion) m/z 237.0731
[M + Na]* (caled. for C;oH;4NaOs, 237.0733). *H NMR (pyridine-ds,
400 MHz) 8y 7.51 (1H, br s, H-3), 7.35 (1H, br d, J = 8.0 Hz, H-5), 7.26
(1H, d, J = 8.0 Hz, H-6), 5.32 (1H, d, J = 5.6 Hz, H-1"), 4.44 (1H, m, H-
29, 4.26 (1H, dd, J = 3.6, 11.0Hz, H-3’a), 4.12 (1H, dd, J = 6.4,
11.0 Hz, H-3'b), 3.68 (3H, s, 2-OCHs). *C NMR (pyridine-ds, 100 MHz)
8¢ 148.8 (C-2), 147.7 (C-1), 135.7 (C-4), 120.9 (C-5), 116.5 (C-6), 112.0
(C-3), 78.3 (C-2"), 75.3 (C-1"), 64.8 (C-3"), 56.1 (2-OCH3).

4.6. Preparation of (S)- and (R)-MTPA ester derivatives of 4a and 5a

A solution of 4a (2.0 mg) in anhydrous pyridine (2 mL) was reacted
with (R)-a-methoxy-a-trifluoromethylphenylacetyl chloride (MTPA
chloride; 10 mg) in the presence of dimethylaminopyridine (30 mg) and
allowed to stand at 37 °C for 10 h H,O (1 mL) was then added and the
solution was dried under vacuum. The residue was redissolved in MeOH
and purified by preparative HPLC (MeOH-1% formic acid in H,O;
65:35) to obtain the (R)-MTPA ester derivative of 4a (4a-a) (1.8 mg)
(Shu et al., 2013). (S)-MTPA chloride and 4a were mixed and separated
in the same manner to obtain the (S)-MTPA derivative of 4a (4a-b)
(2.3mg). The (R) and (S)-MTPA esters of 5a (5a-a and 5a-b) were
obtained from 5a using the same procedure.

4.6.1. (R)-MTPA derivative of 4a (4a-a)

1H NMR (CD30D, 400 MHz) 6y 5.79 (1H, d, J = 15.2 Hz, H-7), 5.72
(1H, dd, J = 15.2, 7.2Hz, H-8), 5.60 (1H, m, H-9), 3.92 (1H, br d,
J = 2.8 Hz, H-3), 3.65 (1H, br s, H-4), 2.24 (1H, qd, J = 7.2, 2.5 Hz, H-
5), 2.02 (1H, dd, J = 15.0, 3.2 Hz, H-2a), 1.37 (3H, d, J = 6.0 Hz, H-
10), 1.30 (1H, m, H-2f3), 1.12 (3H, s, H-11), 0.99 (3H, d, J = 7.2 Hz, H-
13), 0.81 (3H, s, H-12).

4.6.2. (S)-MTPA derivative of 4a (4a-b)

'H NMR (CD50D, 400 MHz) 8 5.60 (3H, br s, H-7, 8, 9), 3.90 (1H,
br d, J = 2.8Hz, H-3), 3.63 (1H, br s, H-4), 2.19 (1H, qd, J =7.2,
2.5Hz, H-5), 1.99 (1H, dd, J = 15.0, 3.2Hz, H-2a), 1.42 (3H, d,
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J = 6.0 Hz, H-10), 1.29 (1H, m, H-2f3), 1.04 (3H, s, H-11), 0.95 (3H, d,
J = 7.2Hz, H-13), 0.76 (3H, s, H-12).

4.6.3. (R)-MTPA derivative of 5a (5a-a)

H NMR (CD50D, 400 MHz) 8y; 5.71 (1H, d, J = 15.2 Hz, H-7), 5.66
(1H, dd, J = 15.2, 6.8 Hz, H-8), 5.61 (1H, m, H-9), 3.91 (1H, m, H-3),
3.64 (1H, m, H-4), 2.21 (1H, m, H-5), 2.00 (1H, dd, J = 15.0, 3.2 Hz, H-
2a), 1.41 (3H, d, J = 6.0 Hz, H-10), 1.31 (1H, m, H-2), 1.07 (3H, s, H-
11), 0.92 (3H, d, J = 7.2 Hz, H-13), 0.78 (3H, s, H-12).

4.6.4. (S)-MTPA derivative of 5a (5a-b)

1H NMR (CD30D, 400 MHz) &y 5.81 (1H, d, J = 15.2 Hz, H-7), 5.74
(1H, dd, J = 15.2, 6.8 Hz, H-8), 5.61 (1H, m, H-9), 3.92 (1H, m, H-3),
3.65 (1H, m, H-4), 2.24 (1H, m, H-5), 2.01 (1H, dd, J = 15.0, 3.2 Hz, H-
2a), 1.34 (3H, d, J = 6.0 Hz, H-10), 1.32 (1H, m, H-2), 1.11 (3H, s, H-
11), 0.97 (3H, d, J = 7.2 Hz, H-13), 0.81 (3H, s, H-12).

4.7. Determination of the absolute configurations of sugar groups

The absolute configurations of the sugar groups were assigned ac-
cording to a previously reported procedure (Su et al., 2018). The
compounds (2.0 mg each) were hydrolyzed with 1 M HCl (1 mL) at
100 °C for 2 h, and then extracted with EtOAc (5.0 mL) three times. The
H,O0 layer was dried, and the residue or sugar standard was dissolved in
pyridine (0.5 mL). L-Cysteine methyl ester hydrochloride (2.0 mg) was
then added and heated at 60 °C for 2h. Next, o-tolyl isothiocyanate
(2.0uL) was added and further heated at 60 °C for 2h. Finally, the
mixture was directly analyzed by HPLC (Agilent 1200) at 250 nm. A
Cosmosil 5C18-AR-II HPLC column (150 mm X 4.6 mm i.d., 5um par-
ticle size; Nacalai Tesque Inc., Kyoto, Japan) at 35°C was used to
analyze each sample by isocratic elution with CH3CN—H,0 (25:75) at a
flow rate of 0.8 mL/min. The retention time of p-glucopyranose
(10.4 min) was measured and compared with those of the reaction
mixtures. As the sugar derivatives from the compounds showed very
similar retention times to the sugar standard, the types and absolute
configurations of the sugars were confirmed to be p-glucopyranose.

4.8. Croton oil-induced mouse ear edema

Kunming male mice were purchased from the Animal Center of
Military Medical Science (Beijing, China). The animal experiments
complied with the Institutional Guidelines for Animal Care and Use of
the Chinese Academy of Medical Sciences and Peking Union Medical
College. The croton oil-induced mice ear edema assay was conducted
according to established methods (Tang et al., 2014). The mice were
randomized and injected subcutaneously with different extracts of S.
rubriflora leaves and twigs (1 mg/g) 1h before croton oil application.
Topical inflammation was induced on the right ear of the adult mice by
injecting croton oil (0.4 mg/15 uL). The left ear received the same vo-
lume of acetone as a blank control. To evaluate the anti-inflammatory
activity of S. rubriflora, the mice were euthanized 4 h after injection of
the croton oil, and tissue punches of the treated (right) and untreated
(left) ears were weighed.

4.9. Cell culture

The RAW264.7 cell line was purchased from the cell bank of the
Chinese Academy of Science. Cells were cultured in RPMI-1640
(Invitrogen, Carlsbad, CA, USA) with fetal bovine serum (10%;
Hyclone, Logan, UT, USA), penicillin (100 U/mL; Sigma-Aldrich),
streptomycin (100 mg/mL; Sigma-Aldrich), and glutamine (4 mM;
Sigma-Aldrich). Cells were seeded in plates at appropriate cell densities
per well. At 80% confluency, cells were pretreated with DMSO (nega-
tive control), kaempferol (positive control) (Wall et al., 2013; Kowalski
et al., 2005) or various concentrations of compounds with LPS (100 ng/
mL) (Invitrogen) for 18 h, followed by RNA collection for real-time
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PCR.
4.10. RNA isolation and evaluation of gene expression

Total RNAs were extracted using TRIzol reagent (MRC Inc.,
Cincinnati, OH, USA), followed by DNase digestion and column cleanup
with Qiagen mini-columns (Valencia, CA, USA). Reverse transcription
was performed with an iScript cDNA synthesis kit (Bio-Rad, Hercules,
CA, USA). The following real-time PCR primers (Integrated DNA
Technologies, Coralville, IA, USA) were used: GAPDHR sense (GGCCT
CCAAGGAGTAAGAAA) and anti-GAPDHR sense (GCCCCTCCTGTTAT
TATGG); TNF-a sense (CCCCAGTCTGTATCCTTCTAA), and TNF-a an-
tisense (TCGAGGCTCCAGTGAATT); IL-6 sense (CCCCAATTTCCAATG
CTCTCC) and IL-6 antisense (CGCACTAGGTTTGCCGAGTA). Real-time
PCR was performed with SYBR Green and the 7500 Fast Sequence
Detection System (Applied Biosystems, Foster City, CA, USA). All pri-
mers for real-time PCR analysis were designed using Primer Express
software 2.0.0 (Applied Biosystems), and GAPDHR was used as the
normalization reference.
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