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A phytochemical investigation to obtain chemical components with potential anti-inflammatory activity from E.
hylonoma led to the isolation of nine new ent-isopimarane diterpenoids (1 and 3-10), a new ent-rosane di-
terpenoid (11), along with eight known ones (2 and 12-18) using various chromatographic techniques.
Compounds 3, 4, 5, and 10 were rare examples of the epoxy-ent-isopimarane. The structures of these new
compounds were confirmed by extensive spectroscopic data, crystal X-ray diffraction analysis, and electronic

circular dichroism. And the isolates were evaluated for their inhibitory effects on nitric oxide production induced
by lipopolysaccharide in RAW 264.7 cells. The results showed that compounds 2 and 12 exhibited noteworthy
inhibitory effects against NO production with ICsq values of 7.12 and 12.73 uM, respectively, which were better
than positive control (ICso = 41.41 uM). The possible mechanism that compounds 2 and 12 could inhibit NO
production was investigated by the Western blotting experiments.

1. Introduction

Nitric oxide (NO) is a well-known signaling molecule in cells, which
plays a key role in many physiological processes. The pharmacological
studies have demonstrated that the inflammation is related to the ex-
cessive production of NO. Thus, the inhibition of NO production may be
an important target in the treatment of inflammatory diseases.
Meanwhile, the level of NO has been used as an important marker for
researching the mechanism of inflammation [1-3].

The genus Euphorbia belongs to Euphorbiaceae family, which is
widely distributed throughout the world. This genus is one of the lar-
gest genera in the angiosperm plants, consisting of approximately 2000
species [4]. Many plants in this genus have been used as folk medicine
in China to treat diarrhea, enteritis, dermatitis, gingival bleeding, and
jaundice, which could be attributed to the existence of various bioactive
secondary metabolites [5,6]. In recent years, the phytochemical re-
search of the genus Euphorbia mainly led to the isolation of various
diterpenoids, such as jatrophane, ent-isopimarane, tigliane, ent-atisane
and ent-kaurane. Meanwhile, these diterpenoids showed a variety of
biological activities, such as anti-inflammatory [7,8], antiadipogenic
[9], phytotoxicity [10], antiviral [11], and P-glycoprotein inhibitory
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activity [12].

Euphorbia hylonoma, known as “Jiu Niuzao” in folk medicine in
China, is used for treatment of liver cancer, hepatocirrhosis, edema, and
incontinence [13]. But there are few reports regarding either the che-
mical compositions or the biological activities of E. hylonoma. In our
work, the EtOAc fraction of the roots of E. hylonoma at 50 ug/ml was
tested for its inhibitory effect on the NO production induced by lipo-
polysaccharide (LPS) in RAW 264.7 cells. And it exhibited significant
inhibitory effect with inhibition rate of 78%, which inspired us to fur-
ther explore the chemical components with anti-inflammatory activity
from this plant. Therefore, the aim of this study is to search for and
isolate natural products with anti-inflammatory activity.

Herein, a phytochemical investigation of the EtOAc fraction of the
roots of E. hylonoma was carried out, producing 10 new and 8 known
diterpenoids. In addition, we tested the NO inhibitory effects of the
isolated compounds to search for potential lead compounds.
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Table 1
'H NMR data of compounds 1-5 in CDCls.
Position Sy (J in Hz)
1° 3° 4° 5° 6°
la 1.36 dd (3.0, 14.4) 1.55m overlapped 3.27 d (4.0) 3.14 d (3.6) 3.86 brs
1b 2.20 dd (3.0, 14.4) 2.48 dd (3.2, 14.4)
2 4.10d (3.0) 4.20d (3.2) 3.34 dd (2.0, 4.0) 3.26s 3.82t (6.4)
3 3.20 br s 3.30d (3.2) 3.52brs 3.76s 3.67 d (6.4)
5 1.22 dd (4.2, 12.0) 1.40 dd (6.8, 10.4) 1.06 m overlapped 1.42 dd (4.2, 12.0) 1.53 dd (4.0, 12.8)
6a 2.07m 211m 1.91m 1.80m 1.90 m
6b 2.08 m
7 5.43 d (3.6) 5.40s 5.50b rs 5.50 d (3.6) 5.43s
9 1.81 m overlapped 2.22m 2.13brs 2.23 brd (12.6) 2.27m
11a 1.40d (12.0) 3.18 d (4.0) 1.51 q (12.8) 1.50 q (12.6) 1.67t(12.8)
11b 1.78t (5.4, 12.0) 1.96 m 1.93m 2.12m
12 3.50 dd (4.2, 12.6) 2.90 d (3.6) 3.57 dd (4.4, 11.6) 3.55 dd (4.2, 12.0) 3.64s
14a 1.99m 1.62m 2.04m 2.03m 1.77 d (13.6)
14b 2.26m 2.54 d (13.6)
15 5.74 dd (10.8, 17.4) 5.94 dd (10.8, 17.6) 5.79 dd (10.8, 17.6) 5.76 dd (10.8, 17.4) 5.83 dd (10.4, 17.6)
16a 5.14d (17.4) 5.08 d (10.8) 5.18d (17.6) 5.15d (17.4) 5.09 d (17.6)
16b 5.15d (10.8) 5.16 d (17.6) 5.20 d (10.8) 5.17 d (10.8) 5.16 d (10.4)
17 0.88s 1.02s 0.93s 0.91s 0.90s
18 1.00s 1.02s 0.94s 1.01s 0.94s
19 1.10s 1.10s 1.02s 0.88s 1.11s
20 1.10s 1.17s 1.04s 1.02s 0.99s

@ Recorded at 400 MHz for "H NMR.
> Recorded at 600 MHz for 'H NMR.
¢ Recorded at 800 MHz for 'H NMR.

2. Materials and methods
2.1. General experimental procedures

The melting points of crystals were measured by using a micro-
melting point apparatus with an X-4 digital display system. The mea-
surement of optical rotations was carried out by a PerkinElmer model
341 polarimeter. A Bruker Tensor spectrometer was used to obtain IR
spectra. An Olis DSM-1000 spectrometer recorded the electronic cir-
cular dichroism (ECD) curves. A Shimadzu UV-260 spectrophotometer
was used to collect UV spectra. 'H, 'C and 2D NMR spectra were ac-
quired by the Bruker AVANCE III-400 or Bruker AVANCE III-800 or
Varian Mercury-600BB spectrometers. A Bruker Daltonics APEX II
spectrometer gave the HRESIMS data. X-ray diffraction analysis was
collected on a SuperNova, Dual, Eos diffractometer with the Cu Ka
radiation. The compounds were isolated from plants by microporous
resin, silica gel column chromatography (CC), MCI gel CC, LiChroprep
RP-C;5 gel CC, Sephadex LH-20, and semi-preparative HPLC with a
reversed-phase C;g column.

2.2. Plant materials

The roots of E. hylonoma were collected in June 2018 from Longnan
City, Gansu Province, China, which was identified by Professor Zhao-
Hui Huang of Agriculture and Forestry Technology College, Longnan
Normal College. A voucher specimen of this plant (EH20180601) was
deposited in the Natural Organic Academy of State Key Laboratory of
Lanzhou University.

2.3. Extraction and isolation

The roots of E. hylonoma (8.0kg) were extracted with 95% EtOH
(8 x 50L) at room temperature. The solvent was evaporated under
reduced pressure to give a residue (786 g) that was suspended in water.
Then the aqueous solution was partitioned with EtOAc and n-BuOH,
successively. The EtOAc fraction (204 g) was subjected to macroporous
resin (H,O/EtOH, 70:30, 50:50, 20:80, 5:95, v/v) to afford four crude
fractions (Fr.1-Fr.4). The Fr.3 (80 g) was applied to a silica gel column

chromatography (CC) and eluted with petroleum ether/acetone (10:1,
5:1, 2:1, v/v) to produce three fractions (Fr.3.1-Fr.3.3). Fr.3.1 (8 g) was
chromatographically separated on a silica gel CC and eluted with a
gradient of petroleum ether/ethyl acetate (from 20:1 to 5:1, v/v) to
afford compounds 11 (12.5mg) and 13 (5.7 mg). Fr.3.1.3 (3.6 g) was
applied to Sephadex LH-20 (CHCl3/MeOH, 1:1) and reversed-phase
semi-preparative HPLC (MeCN/H,0) to yield compounds 10 (2.6 mg)
and 8 (2.2 mg). Fr.3.2 (34 g) was subjected to an MCI gel CC and eluted
with a gradient of MeOH/H,O (from 20:80 to 100:0, v/v) to yield
Fr.3.2.1-3.2.10. Compounds 1 (7.7 mg), 3 (2.3mg), and 4 (3.9mg)
were isolated from Fr.3.2.4 (11 g) by repeated reversed-phase (RP) C;g
gel CC and reversed-phase semi-preparative HPLC (MeOH/H,0).
Fr.3.2.5 (6 g) was applied to Sephadex LH-20 (MeOH) and reversed-
phase semi-preparative HPLC (MeOH/H,0) to afford compounds 2
(11.4mg), 5 (5.2mg), and 9 (13.4mg). Compounds 12 (9.3 mg), 14
(7.8 mg), and 18 (3.7 mg) were isolated based on repeated silica gel CC
and RP-Cyg gel CC from Fr.3.2.6 (5 g). Fr.3.3 (13 g) was subjected to RP-
C;g gel CC, eluted with a gradient system of MeOH/H-0 (from 20:80 to
100:0, v/v) to yield Fr.3.3.1-3.3.9. Compounds 6 (1.3mg) and 7
(1.6 mg) were obtained by the further purification of Fr.3.3.3 (3.7 g) on
repeated silica gel CC and reversed-phase semi-preparative HPLC
(MeOH/H,0). The Fr.3.3.4 (2.1 g) was separated on silica gel CC with a
gradient of petroleum ether/ethyl acetate (from 10:1 to 2:1, v/v) as
elution to obtain compounds 15 (5.6 mg), 16 (7.3 mg), and 17 (5.3 mg).

2.4. Compound characterization

(2R, 3S,12S)-2,3,12-Trihydroxy-ent-isopimara-7,15-diene (1), color-
less needle crystals (in CH;OH); mp 197-200 °C, [«]¥ —15.7 (c 0.19,
MeOH); IR (KBI) vpmax 3382, 1363, 1264, 1068, 1034, 738, 704cm ™ ;
ECD Ae, 205 (+18.6), 219 (—1.1); UV (MeOH) Amax (log ¢) 198
(0.507), 202 (0.683) nm; 'H NMR (600 MHz, CDCl3) and '>C NMR data
(100 MHz, CDCl3), see Tables 1 and 3; HRESIMS: m/z 343.2247, [M
+Na]™* (caled for CooH3505Na, 343.2244).

(2R,3S,11R,125)-2,3-Dihydroxy-11,12-epoxy-ent-isopimara-7,15-
diene (3), colorless oil; [a]¥ —31.1 (c 0.23, MeOH); IR (KBr) vymax 3424,
2963, 2927, 2853, 1265, 739, 704 cmfl; ECD Ae, 207 (+12.8), 224
(—=1.1); UV (MeOH) Amax (log ¢) 196 (0.615) nm; H NMR (400 MHz,
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CDCl3) and '*C NMR data (100 MHz, CDCls), see Tables 1 and 3;
HRESIMS: m/z 341.2084, [M+Na]l* (caled for CyoHsoOsNa,
341.2087).
(1R,2S,3S,12S)-1,2-Epoxy-3,12-dihydroxy-ent-isopimara-7,15-diene
(4), colorless oil; []% —5.0 (c 0.40, MeOH); IR (KBI) Upmax 3404, 2966,
2927, 1265, 1050, 1001, 737 cm ™% ECD Ae, 200 (+29.0), 219 (—1.7);
UV (MeOH) Amax (log ¢) 197 (0.745), 201 (0.834) nm; 'H NMR
(400 MHz, CDCl,) and *C NMR data (100 MHz, CDCl,), see Tables 1
and 3; HRESIMS: m/z 341.2101, [M+Na]"* (caled for C,oH3003Na,
341.2087).
(1R,2S,3R,125)-1,2-Epoxy-3,12-dihydroxy-ent-isopimara-7,15-diene
(5), colorless oil; [¢]¥ —27.78 (c 0.25, MeOH); IR (KBT) vmax 3404,
2962, 2925, 2872, 1664, 1638, 1436, 1383, 1266, 1046, 997, 912, 737,
700 cm ™ }; ECD Ag, 202 (+56.0), 217 (—5.5); UV (MeOH) Amax (log €)
197 (0.579), 202 (0.843) nm; *H NMR (400 MHz, CDCl;) and '*C NMR
data (100 MHz, CDCls), see Tables 1 and 3; HRESIMS: m/z 319.2275,
[M+H]™" (caled for CooHg, 03, 319.2268).
(1R,2S,3S,12R)-1,2,3,12-Tetrahydroxy-ent-isopimara-7,15-diene (6),
colorless oil; [«]3' —15.75 (c 0.13, MeOH); IR (KBr) vymax 3392, 2923,
2855, 2372, 1384, 1257, 1157, 1112, 785 cm ™ '; ECD Ae, 207 (+9.5),
223 (—1.7); UV (MeOH) Amax (log ¢) 195 (0.481), 202 (0.758) nm; H
NMR (800 MHz, CDCl;) and *C NMR data (200 MHz, CDCl;), see
Tables 1 and 3; HRESIMS: m/z 359.2207, [M+Na]* (caled for
C20H3204Na, 359.2193).
(1R,2S,3R,12R)-1,2,3,12-Tetrahydroxy-ent-isopimara-7,15-diene (7),
colorless oil; [«]5 —25.48 (c 0.16, MeOH); IR (KBI) vmax 3379, 2923,
2856, 2370, 1459, 1384, 1262, 1117, 783, 739cm™!; ECD Ae, 207
(+14.0), 223 (—0.8); UV (MeOH) Amax (log ¢) 196 (0.429), 201
(0.711) nm; 'H NMR (800 MHz, CDCl3) and '*C NMR data (200 MHz,
CDCly), see Tables 2 and 3; HRESIMS: m/z 359.2205, [M+Na]™* (caled
for C20H3204Na, 3592193).
(2S,12R)-2,12-Dihydroxy-ent-isopimara-7,15-dien-3-one (8), colorless
oil; [06]12)3 —8.9 (¢ 0.22, MeOH); IR (KBr) vjmex 3401, 2925, 2371, 1708,
1384, 1264, 1110, 1056, 739 cm ~'; ECD Ae, 205 (+6.8), 222 (—3.3),
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277 (+1.0); '"H NMR (600 MHz, CDCl;) and **C NMR data (100 MHz,
CDCls), see Tables 2 and 3; HRESIMS: m/z 319.2266, [M+H] " (calcd
for C20H3003H, 319.2268).

3a,12f3-Dihydroxy-ent-isopimara-8,15-dien-11-one (9), colorless oil;
[0(]2D3 —65 (c 0.31, MeOH); IR (KBr) vmax 3445, 2963, 2929, 1709, 1655,
1609, 1458, 1368, 1254, 1130, 1098, 1025, 736 cm ™% ECD Ae, 202
(+10.81), 248 (—17.46), 324 (+7.40); UV (MeOH) Amax (log ¢) 249
(0.224) nm; 'H NMR (400 MHz, CDCl;) and '*C NMR data (100 MHz,
CDCl5), see Tables 2 and 3; HRESIMS m/z 319.2271 [M+H]* (calcd for
Cy0H3003H, 319.2268).

(12R,13R,15R)-2,15-Dihydroxy-12,16-epoxy-12-methoxy-ent-iso-
pimara-1,7-dien-3-one (10), colorless crystals, mp 169-172°C; [a]¥
+3.82 (c 0.26, MeOH); IR (KBr) vmex 3435, 2972, 2854, 1707, 1673,
1382, 1266, 1053, 738, 702cm™!; ECD Ae, 204 (+14.92), 234
(—2.04), 274 (+1.71), 326 (+1.87); UV (MeOH) Amax (log &) 229
(0.371), 259 (0.323) nm; 'H NMR (800 MHz, CDCl;) and *3C NMR data
(200 MHz, CDCl3), see Tables 2 and 3; HRESIMS: m/z 385.1998 [M
+Na]* (caled for C;H3005Na, 385.1985).

ent-Rosa-1(10),15-dien-2-one  (11), colorless crystals, mp
112-113°C; [oc]ZD2 +47.08 (c 1.32, MeOH); IR (KBr) vpmax 2965, 2932,
1669, 1609, 1467, 1380, 1305, 1205, 1157, 906, 736 cm ™ '; ECD Ae
218 (—11.1), 242 (+9.3), 276 (—2.0), 320 (+1.3); UV (MeOH) Amax
(log €) 210 (0.186), 244 (0.626) nm; "H NMR (400 MHz, CDCl3) and '3C
NMR data (100 MHz, CDCl;), see Tables 2 and 3; HRESIMS: m/z
287.2370 [M+H] " (caled for CooH3oOH, 287.2369).

2.5. X-ray diffraction analysis.

All crystallographic data of the compounds 1, 10, and 11 have been
deposited in the Cambridge Crystallographic Data Centre.

Crystal Data for 1. (CCDC 1885691) CyoH3203, M = 320.46,
T = 295.66(10) K, crystal system: monoclinic, space group: C2,
a = 32.315(3) A, b = 6.04763(18) A, ¢ = 24.8549(19) A, a = 90.00°,

Table 2
'H NMR data of compounds 6-10 in CDCl;.
Position Sy (J in Hz)
7¢ 8" 9° 10° 11°
la 3.73s 1.33t(13.6) 3.06 br d (13.6) 6.19s 6.01 d (2.0)
1b 2.47 dd (6.0, 12.8) 1.14m
2 4.23s 4.57m 1.72m
3a 2.18 d (15.6)
3b 3.54s 3.26 dd (5.2, 11.6) 2.36 d (15.6)
5 1.74 dd (2.4, 11.2) 1.59 dd (2.8, 8.0) 1.00m 1.85dd (3.2, 12.0) 2.55m
6a 1.97 br d (13.6) 2.15m 1.44m 1.98m 1.44m
6b 2.07 br d (13.6) 1.96 m 1.75m 2.07m 1.84m
7a 5.43d (3.2) 5.47 d (3.6) 2.25m 5.55d (4.8) 1.34m
7b 1.72m
8 1.77 m
9 2.89d (12.0) 2.19 m overlapped 2.13d (4.0)
11a 1.64m 1.63 d (10.0) 1.34t (13.6) 1.53m
11b 1.91m 2.30 dd (5.6, 13.6) 1.74m
12 3.66s 3.66 br s 3.82s 1.22m
14a 1.80d (13.6) 1.83d (13.2) 2.36m 1.84 dd (3.2, 14.4) 1.35m
14b 2.59d (13.6) 2.58d (13.2) 1.88d (14.4) 1.55m
15 5.84 dd (11.2, 17.6) 5.83 dd (10.8, 17.6) 5.74 dd (10.8, 17.6) 3.63 dd (6.4, 12.0) 5.77 dd (10.8, 17.6)
16a 5.09d (17.6) 5.12d (17.6) 4.99d (17.6) 3.77 dd (0.8, 10.4) 4.89 d (10.8)
16b 5.15d (11.2) 5.20 d (10.8) 5.06 d (10.8) 4.32 dd (5.6, 10.4) 4.96 d (17.6)
17 091s 0.91s 1.27s 1.05s 0.98s
18 1.01s 1.16s 1.04s 1.20s 1.09s
19 1.14s 1.19s 0.84s 1.17s 0.83s
20 1.04s 1.20s 1.09s 1.08s 1.01s
OCH; 3.29s
2-OH 6.01 d (1.6)
15-OH 3.12d (12.0)

2 Recorded at 400 MHz for 'H NMR.
" Recorded at 600 MHz for 'H NMR.
¢ Recorded at 800 MHz for 'H NMR.
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Table 3

13C NMR data of compounds 1-10 in CDCls.
Position 8. (ppm)

1° 3° 4° 5° 6 7° 8 9° 10° 11°

1 43.3 42.0 61.0 58.0 75.6 76.0 47.8 34.8 123.4 122.6
2 70.8 71.0 58.0 56.7 72.9 74.2 68.8 27.9 143.6 200.5
3 78.2 78.1 76.0 72.9 75.6 79.0 216.3 78.4 200.5 53.3
4 37.7 38.1 34.5 36.0 36.7 36.7 47.1 39.0 43.4 36.7
5 49.7 49.0 49.7 42.3 44.7 40.1 52.6 52.2 48.1 44.5
6 23.1 23.2 22.4 22.1 23.5 23.2 23.6 17.8 22.7 17.6
7 122.6 122.9 124.0 124.1 121.2 120.7 120.8 35.1 122.6 24.8
8 133.0 130.2 133.3 133.5 1349 134.6 134.7 155.7 133.1 30.7
9 51.5 50.2 46.2 46.1 46.1 37.0 44.7 139.5 45.2 38.5
10 34.3 34.3 34.5 34.5 39.8 38.6 35.4 38.2 36.0 175.4
11 27.6 53.1 27.7 27.7 27.8 26.1 25.8 198.0 24.7 34.0
12 74.3 60.7 74.0 74.0 72.9 73.0 72.3 80.2 109.2 39.6
13 42.4 37.9 42.8 42.8 41.7 41.6 41.6 42.7 48.6 36.0
14 45.2 39.2 45.6 45.7 37.7 37.8 37.1 43.1 43.0 32.4
15 146.5 145.3 146.2 146.3 145.9 146.0 145.6 138.2 78.8 150.4
16 113.7 112.2 114.2 114.4 113.9 113.7 114.1 114.9 75.4 109.1
17 13.7 20.3 13.8 13.8 23.1 23.0 23.0 25.6 14.0 22.0
18 29.9 29.4 28.6 21.7 26.4 28.7 25.0 28.3 25.3 28.8
19 17.3 16.5 17.2 28.0 23.0 22.9 22.5 15.8 22.5 19.9
20 16.5 16.8 13.2 13.2 10.8 15.7 15.5 19.1 16.0 18.8
OCH, 47.7
@ Recorded at 100 MHz for >C NMR.
> Recorded at 200 MHz for **C NMR.

B =129.471(13)°, y = 90.00°, V = 3749.6(4) A3, Z =28, After that, the cells were incubated with fresh medium, containing

Deqie = 1.135g/cm®, p (CuKa) = 0.557mm ™', F(000) = 1408.0,
single crystal size: 0.14 x 0.12 X 0.07 mm?, 13,600 reflections mea-
sured (7.08° <20 < 133.18°), 6422 unique (Rj, = 0.0271,
Rgigma = 0.0363) which were used in all calculations. The final R; was
0.0891 (I=20 (I)) and wR, was 0.2783 (all data). Flack para-
meter = 0.0(4).

Crystal Data for 10. (CCDC 1885700) Cy;H300s, M = 362.45,
T = 292.37(17) K, crystal system: orthorhombic, space group: P2;2,2,,
a=11.97578(16) A, b=12.36669(19) A, c=13.01505(19) A,
a=90.00°, B=90.00°, y=90.00°, V=1027.54(5) A3 Z=4,
Deaie = 1.249 g/cm?®, i (CuKa)) = 0.711 mm ™}, F(000) = 784.0, single
crystal size: 0.18 x 0.16 x 0.13 mm?, 15,451 reflections measured
(9.866° < 20 < 133.198"), 3386 unique (Rine = 0.0235,
Rgigma = 0.0176) which were used in all calculations. The final R; was
0.0314 (I=20 (I)) and wR, was 0.0884 (all data). Flack para-
meter = 0.10(7).

Crystal Data for 11. (CCDC 1885690) CooH300, M = 286.44,
T = 173.00(10) K, crystal system: orthorhombic, space group: P2;2;2;,
a = 7.79565(13) A, b = 8.98011(15) A, ¢ = 24.3461(4) A, a = 90.00°,
B =90.00°,y = 90.00°, V = 1704.37(5) A%, Z = 4, D.yyc = 1.116 g/cm?,
u  (CuKa) = 0.498 mm~!, F(000) = 632.0, single crystal size:
0.17 x 0.15 x 0.12mm?, 5415 reflections measured
(11.92° = 20 = 133.1°), 2868 unique (Rjyc = 0.0203, Ryigma = 0.0237)
which were used in all calculations. The final R; was 0.0368 (I = 20 (1))
and wR, was 0.0982 (all data). Flack parameter = —0.10(4).

2.6. Cell culture and nitric oxide inhibitory assay

RAW264.7 macrophage cell lines were purchased from the Cell
Bank of the Chinese Academy of Sciences, Shanghai, China. The cells
were cultured in Dulbecco’s modified Eagle’s medium (DMEM) sup-
plemented with 10% (v/v) fetal calf serum, 100 ug/mL streptomycin
and 100 pg/mL penicillin G at 37 °C in a fully humidified atmosphere
with 5% CO,. The cells were harvested with trypsin and diluted to a
suspension in fresh medium. Then cells were seeded in 96-well plates
with 1 x 10° cells/well and allowed to adhere for 2h. The tested
compounds were dissolved in DMSO, and then diluted with DMEM to
make the final DMSO concentration < 0.1%.

LPS (10 pg/ml). Then the various concentrations of test compounds
were added in 96-well plates and then co-incubated for 24 h. The NO
production induced by LPS in RAW264.7 macrophages cells was de-
termined by measuring the accumulation of nitrite in the culture su-
pernatant with Griess reagent. Briefly, 60 ul of the supernatant from
each well of 96-well plates was reacted with an equal volume of Griess
reagent and then allowed to stand for 10 min at room temperature. The
absorbance at 540 nm was measured using a Microplate Reader. The
nitrite concentration in the medium was determined from the calibra-
tion curve obtained by using different concentrations of sodium nitrite
(NaNO,) in the culture medium as standard. The blank correction was
carried out by subtracting the absorbance due to medium only from the
absorbance reading of each well [14].

Besides, the MTT method [15] was used to determine whether the
inhibition of NO production was due to the cytotoxicity of the tested
compounds.

2.7. Western blotting analysis

Western blotting analysis for the iNOS expressions was carried out
according to the method reported in literature [2,16]. Briefly,
RAW264.7 macrophage cells were seeded at 3 x 10° cells/well in 6-
well culture plates and incubated for 12 h. Then the cells were stimu-
lated with LPS (10 pg/ml) for 24 h, and treated with compounds 2 and
12 for 24 h, respectively. Then, the cells were successively washed with
cold PBS twice and lysed with lysis buffer. Subsequently, the lysates
were centrifuged and the supernatants were collected to acquire the
total protein. Concentrated proteins were separated by 12% SDS-poly-
acrylamide gel (SDS-PAGE) and then transferred to polyvinylidene di-
fluoride (PVDF) membranes. The PVDF membrane was incubated with
a 1:1000 dilution of iNOS antibody overnight at 4 °C. After being wa-
shed with TBST for 30 min, the membranes were incubated with ap-
propriate secondary antibodies for 1h at room temperature and then
washed with TBST for 30 min. Finally, the protein blots were incubated
with the ECL reagents (Beyotime, Jiangsu province, People’s Republic
of China) and then detected. GAPDH protein was used as an internal
reference.
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16 R=0-OH
17 R=4-OH

Fig. 1. Structures of compounds 1-18.

2.8. Statistical analysis

Tests were conducted in triplicate and the results were expressed as
the means + standard deviation (SD) (n = 3). The statistical compar-
isons were analyzed by a one-way analysis of variance (ANOVA). The
mean values were compared using Student’s t test. P value less than
0.05 was considered statistically significant.

3. Results and discussion
3.1. Structure elucidation

The phytochemical investigation of Euphorbia hylonoma led to the
isolation of 18 diterpenoids (1-18), including nine new ent-isopimarane
(1 and 3-10), a new ent-rosane (11), and eight known diterpenoids (2
and 12-18). The known compounds were successively identified as
euphorbesulin P (2) [17], euphorpekone A (12) [18], euphorpekone B
(13) [18], (12B)-2,12-dihydroxyisopimara-1,7,15-trien-3-one (14)
[19], yuexiandajisu C (15) [20], (3f3,128)-3,12-dihydroxyisopimara-
7,15-dien-2-one (16) [19], (3B,12a)-3,12-dihydroxypimara-7,15-dien-
2-one (17) [21], antiquorin (18) [22] (Fig. 1).

Compound 1, needle crystals (in CH3O0H), was established a mole-
cular formula of CyH3,03 based on the HRESIMS (m/z 343.2247, [M
+Na]™, caled for CooHsz,O3Na, 343.2244) and '°C NMR data, ac-
counting for five indices of hydrogen deficiency (IOHD). In its IR
spectrum, an absorption band at 3382 cm ™! indicated the presence of
hydroxy groups. The '"H NMR spectrum (Table 1) exhibited signals for
vinylic protons [8y 5.74 (dd, J = 10.8, 17.4 Hz), 5.15 (d, J = 10.8 Hz),
and 5.14 (d, J = 17.4 Hz)], an olefinic proton at §;; 5.43 (d, J = 3.6 Hz),
three oxymethine protons [§y 4.10 (d, J = 3.0 Hz), 3.50 (dd, J = 4.2,
12.6 Hz), and 3.20 (br s)], and four tertiary methyls at dy 0.88, 1.00,

1.10, and 1.10. The *C NMR and HSQC spectra showed 20 carbon
resonances (Table 3), corresponding to four methyls, five methylenes
(one olefinic carbon), seven methines (two olefinic carbons and three
oxygenated carbons), and four quaternary carbons (one olefinic
carbon). Apart from two double bonds, the remaining degrees of un-
saturation were assumed to represent a tricyclic skeleton. All above
data were reminiscent of known compound 2, except for the difference
of the coupling pattern of H-12 observed in their "H NMR spectra [8y
3.50 (dd, J = 4.2, 12.6 Hz) in 1 and &y 3.66, brs in 2]. Analysis of
'H—'H COSY and HMBC spectra (Fig. 2a) completed the assignment of
the planar structure of 1 which was the same as that of 2.

In the NOESY spectrum (Fig. 2b), the cross-peaks of H-3 with H-5
and Me-18, of H-9 with H-5 and H-12, and of H-12 with H-15 indicated
that H-5, H-9, H-15, and Me-18 were f-oriented and that Me-17, Me-19,
Me-20, OH-3, and OH-12 were a-oriented. The small coupling constant
values of J; » = 3.0Hz and J, 3 = 0 Hz suggested that OH-2 was also a-
oriented. Accordingly, compound 1 was the C-12 epimer of 2. High
quality single crystals of 1 were obtained by recrystallization and the X-
ray diffraction analysis with Cu Ka radiation (Fig. 5) not only further
confirmed its relative configuration but also established its absolute
configuration as (2R, 3S, 55, 9R, 108, 12S, 13R) with Flack parameter of
0.0(4) and Hooft parameter of 0.04(15) [23,24].

The molecular formula of 3 was deduced as CyoH3003 from the 1°C
NMR data and a molecular ion peak [M+Na]* at m/z 341.2084 in the
HRESIMS, with six IOHD. The 1D NMR spectra of 3 were comparable to
those of 1, with the main differences being the chemical shifts of C-11/
H-11, C-12/H-12, C-13, and C-14/H-14 (Tables 1 and 3). The 3C NMR
resonances at 8¢ 53.1 (C-11) and §¢ 60.7 (C-12) and the IOHD indicated
the presence of an epoxy group at C-11 and C-12, which was further
confirmed by the 'H—'H COSY correlations of H-9/H-11/H-12 and the
HMBC cross-peaks from H-11 (g 3.18, d, J = 4.0 Hz) to C-8, C-9, and
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Fig. 3. (a) HMBC and "H—'H COSY (b) NOESY correlations of compound 10.

N
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Fig. 4. (a) HMBC and 'H—"H COSY (b) NOESY correlations of compound 11.

C-10, from H-12 (6y 2.90, d, J = 4.0 Hz) to C-13, from H-14, H-15, and
H-17 to C-12. Simultaneously, the epoxy group was speculated to be in
the f3 orientation based on the NOESY correlations of H-11/H-20, H-11/
H-12, and H-12/H-17. The orientations of the hydroxy groups at C-2
and C-3 of 3 were the same as those of 1 according to their similar
NOESY spectra. The ECD spectrum of 3 was similar to that of 1 (Fig. 6),
which suggested that the absolute configuration of 3 was the same as
that of 1. Thus, the structure of 3 was established as shown in Fig. 1.
Compound 4 had the same molecular formula of CyoH3003 as
compound 3, as identified by its HRESIMS (m/z 341.2101, [M+Na] *)
and *C NMR data. A detailed comparison of the 1D NMR spectra of 4
with those of 3 suggested that these two compounds were isomers. The
significant differences were the positions of the epoxy and hydroxy
groups. The HMBC signals of H-12 with C-17, of H-14, H-15, and H-17
with C-12 (6¢ 72.7) and the C(9)H;—C(11)H,—C(12)H; spin system
verified that a hydroxy group was attached to C-12. The epoxy group at
C-1 and C-2 and the other hydroxy group at C-3 were deduced from the
'H—H COSY correlations of H-1/H-2/H-3 and the HMBC cross-peaks
from H-1 to C-5, C-9, and C-10 and from H-3 to C-18 and C-19. The two

hydroxy and epoxy groups were determined to be in the a orientation
according to its NOESY correlations of H-1/H-9, H-3/H-5, H-5/H-9, and
H-9/H-12, as well as the Jy1 12 value of 4.4 and 11.6 Hz. Based on the
similarities of the ECD curves of compounds 1, 3, and 4 (Fig. 6), the
absolute configuration of 4 was assigned as (1R, 2S, 3S, 5R, 9R, 10S,
128, 13R).

The HRESIMS data of compound 5 showed an [M+H] " ion at m/z
319.2275, attributable to a molecular formula of Cy9oH3003, which was
the same as compound 4. The IR spectrum exhibited a characteristic
absorption band at 3404 cm ™~ for hydroxy groups. The 1D NMR data of
5 had high resemblance to those of 4, except for the difference of
chemical shifts and coupling patterns of H-1/C-1, H-2/C-2, and H-3/C-3
(Tables 1 and 3). Analysis of the 'H—'H COSY and HMBC spectra of 5
and 4 indicated these two compounds shared the identical planar
structure. The NOESY signals of H-1/H-9, H-3/H-19, H-3/H-20, H-5/H-
9, H-9/H-12, and H-12/H-15 proved that the C-3 hydroxy group was in
the B orientation and that the C-12 hydroxy and epoxy groups were in
the a orientation. Thus, compound 5 was identified as the C-3 epimer of
4. The ECD curve of 5 was similar to those of 1, 3, and 4, indicating that



W.-J. Wei, et al. Bioorganic Chemistry 93 (2019) 103256

03
30 —1—3
4——5—6
—7 - 8—10

ECD[mdeg]

-20 4

T T T T T T T T
200 250 300 350 400
Wavelength [nm]

Fig. 6. The ECD spectra of compounds 1, 3-8, and 10 (solvent: MeOH).
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Fig. 7. The inhibitory effects of compounds 2, 12 and positive control (in-
domethacin) against NO production induced by LPS in RAW 264.7 cells at
different concentrations (**p < 0.01).

Table 4
Inhibition effects against NO production induced by
LPS in RAW 264.7 cells of compounds 1, 2, 5, 9, and

11-18.
Compounds 1Cso (uM)?
1 45.48 * 6.23
2 7.12 = 1.09
5 57.51 * 9.10
9 > 100
11 48.40 * 4.55
12 12.73 + 2.28
13 41.30 + 5.22
Fig. 5. ORTEP drawing of compounds 1, 10, and 11 (Cu Ka). 14 47.95 + 3.12
15 41.34 = 3.26
. . . 16 > 100
these compounds shared the similar absolute configuration. Accord- 17 > 100
ingly, the structure of this compound was assigned as (1R,2S,3R,125)- 18 > 100
1,2-epoxy-3,12-dihydroxy-ent-isopimara-7,15-diene. Indomethacin 41.41 £ 2.73

The molecular formula of 6 was assigned as C5oH3,04 based on the
13C NMR data and a sodium adduct ion at m/z 359.2207 ([M +Nal ™) in
the HRESIMS. Inspection of the 1D NMR data of 6 exhibited that its
structure was closely related to that of 1, with the exception of an ad-
ditional oxygenated methine (6y,c 3.86/75.6) in 6 replacing a methy-
lene in 1. The HMBC cross-peaks from H-1 to C-9, from H-2 to C-1, C-3,
and C-4, and from H-3 and H-20 to C-1 confirmed that this hydroxy

# The data represent the mean + SD of three in-
dependent experiments.

group was attached to C-1. In addition, the coupling pattern of H-12 [y
3.64, brs] in 6 differed from that of H-12 [Jy 3.50 (dd, J = 4.2,
12.6 Hz)] in 1, indicating that the C-12 hydroxy group in 6 was -
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Fig. 8. Effects of compounds 2 and 12 on the iNOS protein expression in LPS-
induced RAW264.7 cells. (A) Western blotting results of the iNOS protein le-
vels. (B) Quantitative analysis of iNOS protein expression. GAPDH protein was
used as internal reference. ***p < 0.001, **p < 0.01, *p < 0.05 compared
with LPS-stimulated cells.

oriented. The NOESY data between H-12/H-17 further confirmed this
deduction. The NOESY correlations of H-1/H-5, H-1/H-9, H-2/H-18, H-
3/H-5, H-5/H-9, and H-5/H-18 indicated that the OH-1, OH-2, and OH-
3 were all in the a orientation. Consequently, the similarities of the ECD
spectra of compounds 1 and 6 indicated that they had the same absolute
configuration.

Compound 7 showed an identical molecular formula of C5oH3,04 to
compound 6, as confirmed by its '>C NMR and HRESIMS (m/z
359.2205, [M +Na] *) data. The similar 1D NMR data for compounds 6
and 7 suggested that the structure of 6 resembled that of 7, except for
the orientation of the C-3 hydroxy group, as deduced from the coupling
patterns of H-2 [§y 3.82 (t, J = 6.4 Hz) in 6 and &y 4.23, brs in 7] and
H-3 [8y 3.67 (d, J = 6.4Hz) in 6 and &y 3.54, brs in 7]. The NOESY

The 12 f-hydroxy group could

enhance the inhibition effect
The a-oriented hydroxyl
at C-2 was a key group

The C-2 carbonyl
could be an inert group
ent-isopimarane

1 Ry=a-OH, Ry=a-OH
2 Ry=¢~OH, R,=/+OH
16 R;==0, Ry=c-OH
17 R;==0, R,=-OH
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correlations of H-1/H-5, H-2/H-5, H-2/H-18, H-1/H-9, H-5/H-18, H-3/
H-19, H-3/H-20, H-9/H-14b, H-12/H-17, and H-14a/H-17 determined
that compound 7 was the C-3 epimer of 6. The ECD curve of 7 was
consistent with those of 1 and 6, suggesting the same absolute config-
uration for these three compounds.

The HRESIMS data of 8 displayed an [M+H]* ion at m/z 319.2266,
consistent with a molecular formula of CyoH3003. The IR spectrum
showed absorption bands at 3401 and 1708 cm ™! indicative of hydroxy
and carbonyl groups, respectively. Comparison of the 'H and *C NMR
spectra of 8 with those of 1 indicated that their structures were similar
to each other, except for the replacement of a hydroxy group in 1 with a
carbonyl group in 8. The HMBC cross-peaks of H-1, H-2, H-18, and H-19
with C-3 (8¢ 216.3) verified that this carbonyl group was located at C-3.
Analysis of the NOESY spectrum revealed that the C-2 and C-12 hy-
droxy groups were both f-oriented by the correlations of H-2/H-19, H-
2/H-20, H-5/H-9, H-5/H-18, H-9/H-14b, H-12/H-14a, H-12/H-17, H-
14a/H-17, and H-14b/H-16. The absolute configuration of 8 was pro-
posed as depicted in Fig. 1 based on the biosynthetic considerations and
the similar ECD curve to those of 1, 3, 4, 5, 6, and 7 (Fig. 6).

Compound 9 was assigned a molecular formula of CyyH3¢03 based
on the HRESIMS (m/z 319.2271, [M+H]", caled for CyoH300sH,
319.2268) and '*C NMR data. The 1D NMR data of 9 were comparable
to those of 8, except for the difference in chemical shift of the carbonyl
group (8¢ 198.0, C-11) and the absence of an olefin proton signal in the
H NMR spectrum of 9. The HMBC correlations from H-3 to C-2, C-4, C-
18, and C-19, from H-12 to C-9, C-11, C-13, C-14, C-15 and C-17, and
from H-14 to C-12 and the C(1)H,—C(2)H,—C(3)H; spin system showed
two hydroxy groups attached to C-3 and C-12 and a carbonyl group
located at C-11, respectively. The tetrasubstituted double bond was
assigned between C-8 and C-9 based on the HMBC correlations of H-6
with C-8, of H-7 with C-8 and C-9, and of H3-20 with C-9. The C-3
hydroxy group was determined to be a-oriented and the C-12 hydroxy
group was f-oriented by the NOESY correlations of H-3/H-5, H-3/H3-
18, and H-12/H;-17. Thus, the structure of 9 was established as 3a,1243-
dihydroxy-ent-isopimara-8,15-dien-11-one.

Compound 10 was isolated as colorless crystals. Its molecular for-
mula of C,;H3005 was established by the HRESIMS (m/z 385.1998, [M
+Na]™, caled for CoH30OsNa, 385.1985) and '3C NMR data, in-
dicating seven degrees of unsaturation. The IR spectrum showed ab-
sorption bands at 3435 and 1673 cm™?, indicative of hydroxy and
carbonyl groups, respectively. Inspection of 1D NMR revealed that it
was structurally similar to 14. The obvious difference were the absence
of the characteristic vinylic group and the presence of signals for a
methoxy (8y 3.29; 8¢ 47.7), an oxygenated methine [§y 3.63 (dd,
J = 6.4,12.0 Hz, H-15); 8¢ 75.4], an oxygenated methylene [§y 3.77 (d,
J = 10.4 Hz, H-16a), 6y 4.32 (dd, J = 5.6, 10.4 Hz, H-16b); 5 78.8], an
oxygen-bearing tertiary carbon (8¢ 109.2) and two hydroxy groups at

The a-oriented methyl at C-9
together with the C-5 hydroxy
group could enhance the inhibition
effect against NO production

ent-rosane

11 Ry=H, Ry=a-CHs
12 Ry=OH, Ry=c~CH;
13 Ry=OH, R,=/#CH;

Fig. 9. The structure-activity relationships of diterpenoids.
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0n 3.12 (d, J = 12.0 Hz) and & 6.01 (d, J = 1.6 Hz) in 10. Two double
bonds [y 6.19 (s, H-1); 6¢ 123.4 and 143.6) and 8y 5.55 (d, J = 4.8 Hz,
H-7); 8¢ 122.6 and 133.1)] and a carbonyl (§c 200.5) accounting for
three degrees of unsaturation, the remaining ones suggested four rings
present in compound 10. Analysis of the 1D and 2D NMR data of 10
indicated the rings A, B and C were the same as those of 14. The HMBC
cross-peaks from H-16 to C-12 and from H-OCHj3 to C-12 and the che-
mical shift of C-12 (8¢ 109.2) implied the linkage between C-12 and C-
16 via an oxygen atom to form a five-membered ring of the acetal
moiety and simultaneously suggested the OCH; attached to C-12. The
hydroxy group at 8y 3.12 attached to C-15 was deduced from the
'H—'H COSY correlation of H-15/H-16 and the HMBC correlations of
H-15 with C-12 and C-14, of H-17 with C-15, and of 15-OH with C-15
(Fig. 3a). The orientations of the OH at C-15 and OCH; at C-12 could
not be determined from the NOESY spectrum due to the lack of the
related signals (Fig. 3b). Otherwise, a single crystal was obtained and
an X-ray diffraction analysis of Cu Ka radiation (Fig. 5) unambiguously
permitted not only the relative configuration but also the assignment of
the absolute configuration of 10 as (5S, 9R, 10S, 12R, 13R, 15R).

The HRESIMS analysis of 11 showed an [M+H]* ion at m/z
287.2370, consistent with a molecular formula of CyoH30O. In the IR
spectrum, an absorption band at 1669 cm ' indicated the presence of
carbonyl groups. Analysis of the 1D NMR data of 11 indicated that its
structure resembled that of 12, except for a methine (6 2.55; &¢ 44.5) at
C-5 in 11 replacing an oxygen-bearing tertiary carbon (6¢ 75.1) in 12.
This assignment was confirmed by the "H—'H COSY correlation of H-5/
H-6/H-7 and the HMBC cross-peaks from H-1, H-3, and H-6 to C-5 and
from H-5 to C-1, C-2, C-4, C-7, and C-10 (Fig. 4a). The signals of H-5/H-
18 and of H-8/H-17 observed in the NOESY spectrum (Fig. 4b) were not
sufficient to define its relative configuration. Then, an X-ray crystal-
lographic analysis with Cu Ka radiation (Fig. 5) was performed to con-
firm its structure and the absolute configuration as depicted in Fig. 2.

3.2. Nitric oxide inhibitory activity

Compounds 1, 2, 5, 9, and 11-18 were evaluated for their in-
hibitory effects on NO production induced by LPS in RAW 264.7 cells.
The remaining compounds had not been evaluated due to the small
amounts of compounds that were isolated. All the tested compounds
showed no cytotoxicity against RAW 264.7 macrophages cells at their
respective effective concentrations. Among these compounds, com-
pounds 2 and 12 exhibited noteworthy inhibitory effects against NO
production in a dose-dependent manner. And at each test concentra-
tions, the inhibition rates of compounds 2 and 12 were greater than
those of the positive control (indomethacin), as shown in Fig. 7.
Meanwhile, the ICso values for 2 and 12 were 7.12 and 12.73 pM, re-
spectively, which were better than indomethacin (ICso = 41.41 pM). In
addition, compounds 1, 5, 11, 13, 14, and 15 showed moderate in-
hibitory effects similar to indomethacin. However, compounds 9, 16,
17, and 18 were less active for inhibiting the NO production with ICsq
value > 100 uM (Table 4).

3.3. Effects on iNOS protein expression

It is well known that the pro-inflammatory mediator NO plays an
important role in various inflammatory related diseases. NO is syn-
thesized by three types of nitric oxide synthase (NOS): endothelial NOS
(eNOS), neural NOS (nNOS), and inducible NOS (iNOS). And iNOS is
involved in the regulation of excessive NO production in the in-
flammatory process. To investigate the mechanism of anti-in-
flammatory activity, the active compounds 2 and 12 for inhibiting NO
production were selected to evaluate the effects on the iNOS protein
expressions using Western blotting experiments. As shown in Fig. 8,
compound 2 could weakly suppress the iNOS expression in a dose-de-
pendent manner, and compound 12 had no inhibitory effect on the
iNOS expression at a highest test concentration of 20 uM. It was
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speculated that the inhibition mechanism of NO production caused by
compounds 2 and 12 may not be achieved by regulating the expression
of levels of iNOS.

3.4. Structure-activity relationships (SAR)

Compound 2 (ICso = 7.12 pM), an ent-isopimarane diterpenoid, was
the C-12 epimer of 1 with the C-12 hydroxy group being f-oriented. But
compound 1 showed moderate inhibitory effect with ICso value of
45.48 UM. The above results indicated that the orientation of the C-12
hydroxy group could be responsible to affect their anti-inflammatory
activity. Thus, it was very important to determine the configurations of
each chiral center of compound for the development of new drugs.
Sometimes the opposite effects may be resulted from the different
configurations of the compound, such as (d or 1)-etozolin.

Compound 12 was an ent-rosane diterpenoid (ICso = 12.73 uM). Its
structure was closely similar to those of 11 and 13. However, com-
pounds 11 and 13 displayed moderate inhibitory effects with ICs, va-
lues of 48.40 and 41.30 UM, respectively. The difference between 11
and 12 was the hydroxy group at C-5 in 12 replacing the hydrogen
atom in 11, which proved that the C-5 hydroxy group in 12 was an
important group to enhance anti-inflammatory activity. Therefore, the
different substituents could significantly affect the level of anti-in-
flammatory activity. A comparison of 12 with 13, these two compounds
had the same planar structure, except for the orientation of the methyl
located at C-9. Accordingly, compound 12 was the C-9 epimer of 13.
The a-oriented methyl at C-9 in 12 could be crucial for inhibiting NO
production, which also indicated the importance for determining the
configuration of compound.

Analysis of the SARs of the compounds 16 vs 1 and 17 vs 2, com-
pounds 1 and 2 exhibited inhibitory effects with ICsy values of 45.48
and 7.12 uM, respectively. However, compounds 16 and 17 were less
active for inhibiting the NO production (ICso > 100 uM). The differ-
ence of these two pairs of compounds (16 vs 1 and 17 vs 2) was the C-2
carbonyl in 16 and 17 instead of the hydroxy group in 1 and 2, re-
spectively. The above results indicated that the carbonyl at C-2 in 16
and 17 could be an inert group for inhibiting the NO production.

Thus, compounds 2 and 12 should be considered as lead compounds
for the development of new anti-inflammatory agents.

4. Conclusion

In summary, the phytochemical investigation of E. hylonoma led to
the isolation of 18 diterpenoids (1-18), ten of which were new (1 and
3-11). Their structures were confirmed by extensive spectroscopic data,
crystal X-ray diffraction analysis, and electronic circular dichroism.
These compounds were evaluated for their inhibitory effects against NO
production induced by LPS in RAW 264.7 cells. Among them, com-
pounds 2 and 12 exhibited significant inhibitory effects against NO
production. And the SARs of them were discussed as shown in Fig. 9.
Thus, compounds 2 and 12 could offer promising lead structures with
anti-inflammatory activity, which could be useful in the pharmaceutical
industry. Meanwhile, E. hylonoma is a rich source for producing di-
terpenoids and for the development of new potential anti-inflammatory
agents.
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