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A B S T R A C T

Praxelis clematidea (Asteraceae) is a harmful invasive alien weed, which cause huge destruction of ecological
environment and economic losses. In this study, 22 compounds were isolated and purified from the whole plant
of P. clematidea, including 4 benzofurans (1–4), 18 lignans (5–22), and five of which were new compounds (1, 3,
4, 9, 10). Various spectroscopic analysis methods were utilized to elucidate their chemical structures. The in-
hibitory effects of the isolated compounds on NO release from BV-2 microglia cells induced by LPS were in-
vestigated. Most of the compounds showed pronounced anti-neuroinflammatory activity. Additionally, the new
compounds 3, 4 and 10 exhibited significant anti-neuroinflammatory effects, and the biological activities were
further confirmed by immunoblotting, quantitative PCR and immunofluorescence staining assays. As results, this
study provided a new idea for the further treatment and utilization of P. clematidea as anti-neuroinflammatory
agents in health-benefit products.

1. Introduction

Praxelis clematidea (Griseb.) R. M. King & H. Robinson, also called
praxelis, belongs to the genus Eupatorium in Compositae with unique
bluish violet clusters of flowers and strong smell like cat urine after
crushed. It is an annual to short-lived perennial herb [1]. The origin of
praxelis is South America, and mainly distributes in Guangdong, Fujian,
Hainan, Hong Kong and other tropical or subtropical coastal areas in
China. Praxelis is extremely adaptable, and can grow in many climatic
areas such as tropical, tropical rainforest, tropical grassland, subtropical
and Mediterranean climate, etc. In recent years, it has rapidly invaded
so many regions of the world, such as southern China, northern
Queesland, Florida and so on. As an invasive harmful weed, praxelis
often grows in woods, orchards, wasteland and shrubbery, etc. It con-
sumes nutrients in the soil greatly and destroys the till ability of the soil
because of its rapid reproductive capacity of growth base. Praxelis has a
strong odor, which affects livestock forage and crop growth, and has a
negative impact on agriculture, forestry and animal husbandry in many
areas. It has become an invasive and malignant weed with destructive
potential for local economic development [2,3]. Meanwhile, praxelis
has allelopathy and repellency to other herbaceous plants in its invaded
area, which posed a great threat to the survival and reproduction of
other biological species, and resulted in a serious decline in the di-
versity and richness of local organisms [4].

It was found that praxelis was rich in flavonoids, terpenoids and

steroids, among which polymethoxyflavones and sesquiterpenes had
many biological activities [5]. The abundant flavonoids in praxelis were
also found various biological activities, such as anti-inflammatory, an-
tioxidant, anti-ulcer and anti-diarrheal [6]. Nevertheless, there are few
reports about the chemical constituents of praxelis.

Inflammation is a protective response, involving immune cells,
blood vessels and molecular mediators to protect against injury or in-
fection [7]. Neuroinflammation belongs to an inflammation related to
the nervous tissue. Chronic neuroinflammation is usually associated
with neurodegenerative diseases, for instance, Alzheimer's disease
(AD). Furthermore, the key mediators of the neuroinflammatory re-
sponse in the brain are microglia, which are considered as the innate
immune cells of central nervous system (CNS). Consequently, neu-
roinflammation induced by activation of microglia is supposed to be
one of the prime reasons of AD [8].

In this study Recently, our research group has carried out a program
to seeking anti-inflammatory lead compounds from high plants and a
lot of bioactive natural products have achieved [9,10]. However, the
alien invasive species praxelis had aroused our interest and concern. As
a part of the program, we explored the biological activity of the che-
mical components isolated from praxelis, we found the notable anti-
neuroinflammatory potential of these compounds, which is worth our
further demonstrate and exploration. As a result, 22 compounds were
isolated and identified, and their anti-neuroinflammatory activities
were investigated as well.
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2. Materials and methods

2.1. Instruments and reagents

Ultraviolet spectra (200–400 nm) were measured on a Pharmaspec
UV-2550 UV–Vis spectrophotometer (Shimadzu, Kyoto, Japan).
Infrared spectra were acquired by a Perkin Elmer 100 IR spectrometer
(Waltham, MA, USA) with KBr pellets. Optical rotation experiments
were carried out with an Autopol I polarimeter (Rudolph research
analytical, Hackettstown, NJ, USA). The 1D and 2D NMR data were
performed on a Bruker Avance III spectrometer (Falanden, Switzerland)
using TMS as the internal standard. HR-ESI-MS data were recorded on a
Waters Aquity UPLC-Q-TOF mass spectrometer (Milford, MA, USA).
HPLC preparation were implemented by a semi-preparative HPLC with
a 2535 pump and a 2489 UV–Vis detector (Milford, MA, USA), ac-
companied with a Cosmosil semi-preparative column (5C18-MS-II, 5C18-
AR-II, 10ID × 250 mm, Nacalai Tesque, Kyoto, Japan). Silica gel for
open column chromatography (CC) was purchased from Anhui
Liangchen silicon Source Material (Lu'an, China). ODS (40–60 μm,
Merck KGaA, Darastadt, Germany) and Sephadex LH-20 (GE Healthcare
Bio-Sciences, Pittsburgh, PA, USA) were used in purification.

All antibodies, antigens, enzymes were purchased from Cell
Signaling Technology (Danvers, MA, USA). MTT was purchased from
Sigma-Aldrich (St. Louis, MO, USA). Fluorescence microscope (Zeiss
GmbH, Jena, Germany) was used for immunofluorescence imaging. The
reverse transcription of RNA was promoted by PrimeScript RT Master
Mix (TaKaRa, Beijing, China). Fluorescence quantification was realized
by UltraSYBR Mixture (CWBIO, Beijing, China). Light Cycler 96 system
(Roche Diagnostics, Mannheim, Germany) was used in the detection of
PCR.

2.2. Plant materials

The whole plants of praxelis were collected from Guangzhou High
Education Mega Center in August 2017. They were identified as Praxelis
clematidea (Griseb.) R. M. King & H. Rob Robinson by Professor X. J. He
of Guangdong Pharmaceutical University. The plant samples are kept in
the Lead Compounds Laboratory of Guangdong Pharmaceutical
University.

2.3. Extraction and isolation process

The air-dried whole plants of praxelis (10 kg) were crushed and
extracted 4 times with 75% ethanol-water (4 × 80 L) at reflux. The
solvent was condensed in vacuum and the ethanol-free suspension was
successively extracted three times with the same volume of cyclo-
hexane, chloroform, ethyl acetate and n-butanol, respectively.

The chloroform extract (74.68 g) was subjected to a silica gel
column chromatography (CC) (200–300 mesh, 70 × 1230 mm) gra-
diently eluted with CHCl3/MeOH system (100:1 to 1:1, v/v), and was
divided into 19 fractions (PC-1 to 19). PC-5 (1.29 g) and PC-6 (1.32 g)
were subjected to a silica gel CC eluted with cyclohexane/EtOAc (100:1
to 1:1, v/v), an ODS MPLC (MeOH/H2O, 10:90 to 100:0, v/v), then used
semi-preparative HPLC (MeOH/H2O, 45/55, v/v) to afford compounds
16 (8.6 mg, tR = 23.1 min) and 2 (4.3 mg, tR = 24.3 min), respectively.
Fraction PC-7 (877.1 mg) was applied to a silica gel CC (200–300 mesh,
25 × 340 mm) eluted gradiently with cyclohexane/acetone (50:1 to
1:1, v/v), by means of an ODS column (MeOH/H2O, 10:90 to 80:20, v/
v) and HPLC (MeOH/ H2O, 40/60, v/v) to obtain compounds 13
(3.4 mg, tR = 12.2 min) and 7 (10.8 mg, tR = 32.5 min). PC-8 (3.66 g)
was further subjected to a silica gel CC eluted gradiently with cyclo-
hexane/acetone (30:1 to 1:1, v/v), an ODS MPLC (MeOH/H2O, 20:80 to
90:10, v/v) and the semi-preparative HPLC (MeOH/H2O, 40/60, v/v) to
afford compound 8 (3.2 mg, tR = 34.8 min). Fraction PC-9 (3.01 g) was
divided into 11 subfractions (PC-9-1 to 11) by a silica gel CC

(cyclohexane/EtOAc, 20:1 to 1:2, v/v). Compounds 5 (5.8 mg,
tR = 24.2 min) and 1 (5.0 mg, tR = 39.6 min) were obtained from the
fraction of PC-9-8 (1.42 g) by means of an ODS MPLC and the semi-
preparative HPLC (MeOH/H2O, 30/70, v/v). Subfraction PC-9-10
(368.8 mg) was purified by an ODS MPLC and the semi-preparative
HPLC (MeOH/H2O, 45/55, v/v) to acquire compound 10 (3.1 mg,
tR = 27.0 min) and used other mobile phase (MeOH/H2O, 60/40, v/v)
to afford compounds 3 (2.7 mg, tR = 14.6 min) and 4 (3.3 mg,
tR = 16.3 min). Fraction PC-10 (4.49 g) was applied to a silica gel CC.
gradiently eluted with cyclohexane/EtOAc (20:1 to 1:2, v/v) to obtain
13 subfractions (PC-10-1 to 13). Subfraction PC-10-10 (529.7 mg) was
purified through an ODS MPLC and HPLC (MeOH/H2O, 30/70, v/v) to
acquire compound 14 (2.4 mg, tR = 25.1 min), and compounds 12
(3.4 mg, tR = 32.3 min), 6 (2.7 mg, tR = 37.5 min) were obtained from
MeOH/H2O (45/55, v/v) as mobile phase. Subfraction PC-10-11
(879.3 mg) was further applied to an ODS MPLC and HPLC (MeOH/
H2O, 40/60, v/v) to get compounds 15 (13.9 mg, tR = 13.2 min), 19
(13.9 mg, tR = 25.5 min), 18 (5.8 mg, tR = 27.7 min), 22 (7.1 mg,
tR = 35.1 min), 21 (6.9 mg, tR = 38.1 min), 17 (5.4 mg, tR = 44.4 min)
and 20 (5.2 mg, tR = 50.2 min), while compound 11 (6.4 mg,
tR = 28.7 min) was gotten from MeOH/H2O (35/65, v/v) as mobile
phase. Fraction PC-12 (5.21 g) was separated by a silica gel CC (cy-
clohexane/EtOAc, 20:0 to 1:0, v/v), ODS MPLC and HPLC (MeOH/H2O,
45/55, v/v) to afford compound 9 (3.8 mg, tR = 21.5 min).

Compound 1, pale yellow amorphous powder, [α]25 D + 3.0 (c 0.20,
MeOH). CD (CH3OH, c = 1.3 × 10−2 mol/L) λmax (Δε): 291 (−4.87),
226 (+4.26) nm. IR (KBr) vmax: 3434, 2925, 1590, 1419, 1220,
1042 cm−1. HR-ESI-MS m/z 251.0921 [M + H]+ (calcd for C13H15O5,
251.0919). 1H NMR (DMSO‑d6, 600 MHz) and 13C NMR (DMSO‑d6,
100 MHz) data, see Table 1.

Compound 3, pale yellow amorphous powder, [α]25 D + 46.2 (c
0.05, MeOH). CD (CH3OH, c = 5.5 × 10−3 mol/L) λmax (Δε): 310
(+8.27), 280 (−0.30) nm. IR (KBr) vmax: 3391, 2926, 1683, 1640,
1426, 1369, 1323, 1206, 1141, 803 cm−1. HR-ESI-MS m/z 451.1385
[M + H]+ (calcd for C25H23O8, 451.1393). 1H NMR (DMSO‑d6,
400 MHz) and 13C NMR (DMSO‑d6, 100 MHz) data, see Table 1.

Compound 4, pale yellow amorphous powder, [α]25 D + 14.3 (c
0.05, MeOH). CD (CH3OH, c = 8.3 × 10−3 mol/L) λmax (Δε): 310
(+11.69), 265 (−0.56) nm. IR (KBr) vmax: 3429, 2925, 1643, 1430,
1371, 1325, 1207, 1138, 803 cm−1. HR-ESI-MS m/z 451.1380
[M + H]+ (calcd for C25H23O8, 451.1393). 1H NMR (DMSO‑d6,
400 MHz) and 13C NMR (DMSO‑d6, 100 MHz) data, see Table 1.

Compound 9, white amorphous powder, [α]25 D – 82.3 (c 0.10,
MeOH). CD (CH3OH, c= 8.45 × 10−3 mol/L) λmax (Δε): 345 (+9.52),
215 (+23.50) nm. IR (KBr) vmax: 3328, 2925, 1689, 1450, 1371, 1250,
1204, 1026 cm−1. HR-ESI-MS m/z 413.1241 [M-H]− (calcd for
C22H21O8, 413.1242), 1H NMR (acetone‑d6, 400 MHz) and 13C NMR
(acetone‑d6, 100 MHz) data, see Table 2.

Compound 10, yellow amorphous powder, [α]25 D + 9.2 (c 0.12,
MeOH). CD (CH3OH, c = 3.0 × 10−3 mol/L) λmax (Δε): 276 (+0.18),
238 (+0.54), 223 (−0.20) nm. IR (KBr) vmax: 3407, 2924, 1684, 1508,
1465, 1208, 1132 cm−1. HR-ESI-MS m/z 417.1552 [M + H]+ (calcd
for C22H25O8, 417.1549). 1H NMR (acetone‑d6, 500 MHz) and 13C NMR
(acetone‑d6, 125 MHz) data, see Table 2.

2.4. Anti-neuroinflammatory assay

BV-2 microglia cells were used to build up an in vitro neuroin-
flammation model. Cytotoxicity against BV-2 cells of the tested samples
was measured by MTT assay and NO concentration was measured by
Griess assay. The inhibitory effect of the samples on NO release from
BV-2 cells was investigated. Meanwhile, the effects of the bioactive
anti-neuroinflammatory compounds on proteins expression in BV-2
cells were analyzed by Western blot analysis, quantitative PCR and
immunofluorescence assays.
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2.4.1. LPS-induced NO production inhibitory assay
MTT assay was used to determine the inhibitory effect of the com-

pounds on the proliferation of BV-2 microglia. In vitro anti-in-
flammatory activity was evaluated by measuring the concentration of
NO in the medium according to the reported protocol [11]. BV-2 cells
were inoculated into 96-well plates (2 × 105 cells/mL) and cultured at
37 °C for 24 h. Model group, blank group, negative control group and
sample groups (the gradient dose concentration was 6.25, 12.5, 25,
50 μM, dissolved in DMSO) were set up, and 1 μg/mL LPS was added to
continue incubation for 24 h. Collected 50 μL culture solution of each
pore and mixed with 50 μL Griess A and Griess B reagents, respectively.
Absorption was measured at 546 nm on a microplate reader, and the
IC50 data was calculated by the Calcusyn software. Minocycline was
used as positive control.

2.4.2. Immunoblot assay
The total protein of the cell was separated by electrophoresis and

transferred from the gel to the membrane of solid support. And the
antigen was detected by specific antibody, and the expression of iNOS
and COX-2 was detected. The assay method was according to the pre-
vious literature [12]. Cells were inoculated on 12-well plate and added
with samples of different concentration (12.5, 25, 50 μM), then treated
with LPS (1 μg/mL), and incubated for 24 h. The total protein of
monolayer adherent cells was extracted by lysis and centrifugation of
cells. Western blot was performed with the extracted protein, and ECL
kit was used to develop and image.

2.4.3. Quantitative RT-PCR analysis
BV-2 cells were pre-treated with samples and LPS (1 μg/mL), then

incubated another 24 h. The control group (untreated culture medium),
model group (treated with LPS) and sample group (treated with sam-
ples and LPS) were set up. Total RNA was purified using the AxyPrep
Multisource RNA Miniprep Kit. The following primers were used:
5′-AGCCAAGCCCTCACCTACTT-3′ (F) and 5′-GCCTCCAATCTCTGCCT
ATC-3′ (R) for iNOS, 5′-TGAGTACCGCAAACGCTTCTC-3′ (F) and
5′-TGGACGAGGTTTTTCCACCAG-3′ (R) for COX-2, 5′-GTTGACGGACC
CCAAAAGAT-3′ (F) and 5′-CCTCATCCTGGAAGGTCCAC-3 (R) for IL-1β.
After the quantification of RNA, reverse transcription of RNA into cDNA
and cDNA sequence amplification, then examination by PCR device,
and the outcomes were processed and analyzed by LightCycler software
version 1.1.0.1320. (Roche Applied Science, Mannheim, Germany).

2.4.4. Indirect immunofluorescence for NF-κB nuclear translocation
The Nuclear factor NF-κB pathway is a critical regulator of cellular

response to stress and pathogens, and regulates the expression of genes
involved in inflammatory response. BV-2 cells were seeded onto 48 well
plates (3 × 104 cells/well), stimulated with LPS (1 μg/mL) and pre-
treated with samples for 24 h, then fixed, permeabilized, blocked, and
stained with NF-κB primary antibodies, Alexa Fluor 488 conjugated
(1:500 dilutions) secondary antibody and Hoechst 33258 dye, sequen-
tially. The untreated culture medium was used as blank control group,
and the culture medium treated with 1 μg/mL LPS was set up as the
model group. The Hoechst and Alexa Fluor fluorophores detected
changes in nuclear morphology (blue fluorescence) and NF-κB dis-
tribution (green fluorescence), respectively. Fluorescence microscope
was used for image acquisition and display.

2.5. Statistical analysis

All the experiments were carried out three times independently.
Results were presented as the mean ± standard deviation (± SD). A

Table 1
1H and 13C NMR data of compounds 1, 3 and 4 isolated from P. clematideaa.

No. 1 3 4

δHb δCc δHc δCc δHc δCc

2 169.1 162.0 162.4
3 6.69 s 102.5 114.8 114.6
4 7.04 s 106.8 6.42 s 105.5 6.80 s 105.8
5 157.2 156.7 157.0
6 116.1 116.2 116.8
7 8.11 s 113.0 8.16 s 113.5 8.20 s 113.6
8 147.4 147.1 147.1
9 136.1 134.2 134.4
10 204.5 69.0 69.0
11 2.68 s 27.5 α 2.23 m; β

1.85 m
32.6 β 2.23 m; α

1.69 m
30.6

12 71.6 a 3.87 dd
(10.5, 5.9);
b 3.56 dd
(10.5, 5.9)

65.9 a 3. 88 dd
(10.6, 5.8);
b 3.52 dd
(10.6, 5.8)

65.7

13 3.60 d (10.8);
3.55 d (10.8)

68.2 204.4 204.5

14 1.44 s 23.6 2.67 s 27.6 2.70 s 27.6
2′ 165.1 165.2
3′ 6.76 s 103.9 6.36 s 103.8
4′ 7.08 s 107.0 6.98 s 106.8
5′ 157.4 157.3
6′ 116.6 116.0
7′ 8.11 s 113.1 8.10 s 113.0
8′ 147.4 147.5
9′ 135.9 136.0
10′ 4.39 dd (8.3,

5.1)
33.4 4.50 dd (5.1,

3.0)
31.8

11′ β 2.28 m; α
2.20 m

25.7 α 2.38 m; β
2.16 m

24.0

12′ 204.6 204.6
13′ 2.65 s 27.4 2.68 s 27.4
5-OH 11.83 br. s 11.93 br. s
10-OH 5.55 br. s 5.54 br. s
12-OH 4.98 t (5.9) 4.94 t (5.8)
5′-OH 12.02 br. s 11.99 br. s

a Compounds 1, 3 and 4 were measured in DMSO‑d6, δ in ppm and J in Hz;
b NMR spectra were acquired on an Avance III-600 NMR spectrometer;
c NMR spectra were acquired on an Avance III-400 NMR spectrometer.

Table 2
1H and 13C NMR data of compounds 9 and 10 isolated from P. clematideaa.

No. 9 10

δHc δCc δHb δCb

1 123.9 128.0
2 129.9 6.83 s 106.4
3 6.62 s 116.1 148.8
4 144.7 137.4
5 147.2 148.8
6 6.95 s 115.9 6.83 s 106.4
7 7.55 s 137.2 4.96 d (8.0) 77.6
8 122.5 4.19 ddd (8.0, 4.3, 2.5) 79.3
9 166.3 3.74 dd (12.4, 2.5)

3.52 dd (12.4, 4.3)
61.7

10 4.14 m 60.3
11 1.11 t (7.1) 13.5
1′ 135.2 127.8
2′ 6.48 br. s 114.6 6.90 d (1.8) 111.2
3′ 144.1 145.3
4′ 144.6 137.0
5′ 6.69 d (8.1) 115.0 150.4
6′ 6.43 d (8.1) 118.8 6.98 d (1.8) 104.9
7′ 4.42 d (3.1) 45.4 7.51 d (16.3) 143.9
8′ 3.86 d (3.1) 47.7 6.69 d (16.3) 126.5
9′ 171.9 197.8
10′ 4.02 m 60.0 2.29 s 27.4
11′ 1.24 t (7.1) 13.7
3-OCH3 3.85 s 56.8
5-OCH3 3.85 s 56.8
5′-OCH3 3.86 s 56.4

a Compounds 9 and 10 were measured in acetone‑d6, δ in ppm and J in Hz;
b NMR spectra were acquired on an Avance III-500 NMR spectrometer;
c NMR spectra were acquired on an Avance III-400 NMR spectrometer.
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value of p < 0.05 was set for statistical significance.

3. Results and discussion

In this study, four benzofuran and eighteen lignans, including five
new compounds (1, 3, 4, 9, 10), were isolated and identified from
praxelis (Fig. 1). The anti-neuroinflammatory activities of all the
compounds were evaluated, and most of them showed obvious biolo-
gical activities.

3.1. Structural elucidation of the isolated compounds

Compound 1 was purified as pale yellow amorphous powder, [α]25

D + 3.0 (c 0.20, MeOH). The molecular formula of C13H14O5 was de-
termined by the ion m/z 251.0921 [M + H]+ (calcd for C13H15O5,
251.0919) in its HR-ESI-MS (positive). In the 1H NMR spectrum
(Table 1), there were two sharp singlets at δH 8.11 (1H, s, H-7) and 7.04
(1H, s, H-4), elucidated as a tetra-substituted aromatic ring fragment
with 1,2,4,5- substituted mode. Meanwhile, an olefinic signal at δH 6.69
(1H, s, H-3), two methylenes which coupled each other at δH 3.60 (1H,
d, J= 10.8 Hz, H-13a) and 3.55 (1H, d, J= 10.8 Hz, H-13b), and two
methyl signals at δH 2.68 (3H, s, H-11) and 1.44 (3H, s, H-14) were
observed in the 1H NMR. The 13C NMR and DEPT spectra (Table 1)

showed 13 carbons, including 2 × CH3, 1 × CH2, 3 × CH and 7 × C in
the molecule. There were a ketone carbonyl at δC 204.5 (C-10), six
aromatic carbons at δC 157.2 (C-5), 147.4 (C-8), 136.1 (C-9), 116.1 (C-
6), 113.0 (C-7) and 106.8 (C-4), two olefinic carbons at δC 169.1 (C-2)
and 102.5 (C-3), speculated that compound 1 possessed a benzofuran
skeleton [13]. Moreover, the proton and carbon signals were assigned
according to HSQC and HMBC experiments. The correlations from δH
2.68 (H−11) to δC 204.5 (C-10), 116.1 (C-6) and 113.0 (C-7), inferred
that an acetyl group was linked to the aromatic ring at C-6. The cor-
relations from δH 3.60 (H-13a) and 3.55 (H-13b) to δC 169.1 (C-2), 71.6
(C-12) and 23.6 (C-14), from δH 1.44 (H-14) to δC 169.1 (C-2), 71.6 (C-
12) and 68.2 (C-13), indicated a unit of C(CH3)OHCH2OH attached to
C-2 of the skeleton. Compound 1 had a similar structure to gymnastone,
and its NMR data were consistent with those reported [14]. The CD
spectrum displayed a positive Cotton effect at 226 nm and a negative
Cotton effect at 291 nm, hence, the configuration of compound 1 has
been determined as R according to literature report [13]. Based on the
above attributions, compound 1 was elucidated as (R)-5-hydroxy-6-
acetyl-2-(1,2-hydroxy-1-methyl)benzofuran.

Compound 3 was obtained as a pale yellow amorphous powder,
[α]25 D + 46.2 (c 0.05, MeOH), which possessed the molecular formula
of C25H22O8 judged from the ion at m/z 451.1385 [M + H]+ (calcd for
C25H23O8, 451.1393) in its HR-ESI-MS (positive). The 1H NMR

Fig. 1. Chemical structure of compounds 1–22 isolated from P. clematidea.
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spectrum (Table 1) of compound 3 showed the presence of two phenolic
hydroxyls at δH 12.02 (1H, br. s, 5′-OH) and 11.83 (1H, br. s, 5-OH),
four aromatic protons at δH 8.16 (1H, s, H-7), 8.11 (1H, s, H-7′), 7.08
(1H, s, H-4′) and 6.42(1H, s, H-4), one olefinic proton at δH 6.76 (1H, s,
H-3′), two hydroxyls at δH 5.55 (1H, br. s, 10-OH) and 4.98 (1H, t,
J = 5.9 Hz, 12-OH), two oxymethylenes at δH 3.87 (1H, dd, J = 10.5,
5.9 Hz, H-12a) and 3.52 (1H, dd, J = 10.5, 5.9 Hz, H-12b), four me-
thylenes at δH 2.28 (1H, m, H-11′β), 2.23 (1H, m, H-11α), 2.20 (1H, m,
H-11′α) and 1.85 (1H, m, H-11β), and two methyls at δH 2.67 (3H, s, H-
14) and 2.65 (3H, s, H-13) in the molecule. The 13C NMR and DEPT
spectra (Table 1) revealed 25 carbons, including 2 × CH3, 3 × CH2,
6 × CH and 14 × C, which indicated that compound 3 was a benzo-
furan dimer [15]. The connection of each substituent can be determined
by HMBC spectrum. The correlations from δH 5.55 (10-OH) to δC 162.0
(C-2), 69.0 (C-10), 65.9 (C-12) and 32.6 (C-11), from δH 4.39 (H-10′) to
δC 165.1 (C-2′), 162.0 (C-2), 114.8 (C-3) and 25.7 (C-11′), suggested
that the C-2 and C-3 of the benzofuran ring formed a six-member ring
with C-10, 10′, 11 and 11′ bonds, as well as C-2′ of the other ben-
zofuran unit linked to C-10′. Furthermore, the protons at δH 2.67 (H-
14) had long range correlations with the carbons at δC 204.4 (C-13),
116.2 (C-6) and 113.5 (C-7), and the signal at δH 2.65 (C-13′) corre-
lated with δC 204.6 (C-12′), 116.6 (C-6′) and 113.1 (C-7′), indicated
that the C-6 and C-6′ of the two aromatic rings were linked an acetyl
unit, respectively. Thus, the planar structure of compound 3 was de-
termined from the above analysis. The NMR data of compound 3 were
very similar to dieupachinin D isolated from Eupatorium chinense [15],
the main difference was that compound 3 was lack a hydroxymethyl at
C-10′. There were two chiral carbons located at C-10 and C-10′, and
the relative configurations were determined by NOESY experiment. The
correlations between H-3′ and H-11′β with H-11β, and between H-12a
and H-11′α were revealed, indicating that H-10′ and 10-OH were on
the opposite side. The CD spectrum showed a negative Cotton effect at
280 nm and a positive Cotton effects at 310 nm, and the absolute
configuration was selected for conformational analysis and ECD cal-
culations. Therefore, the absolute configuration of 3 was established to
be 10S,10′S [15] (Fig. 2). Based on above analysis, compound 3 was
elucidated to be (+)-1-{2-[(1S,4S)-7-acetyl-4,8-dihydroxy-4-hydro-
xymethyl-1,2,3,4-tetrahydrodibenzo[b,d]-furan-1-yl]-5-hydroxy-1-ben-
zofura −6-yl}ethanone.

Compound 4 was isolated as a pale yellow amorphous powder,
[α]25 D + 14.3 (c 0.05, MeOH), which had a same molecular formula of
C25H22O8 as compound 3 according to the quasi-molecular ion peak at
m/z 451.1380 [M + H]+ (calcd for C25H23O8, 451.1393) in HR-ESI-MS
(positive). Comparison of 1H and 13C NMR spectra data of compound 3
with those of compound 4, displayed that their NMR signals were si-
milar. In the 1H NMR spectrum of 4 (Table 1), four methylene signals at
δH 2.38 (1H, m, H-11’α), 2.23 (1H, m, H-11β), 2.16 (1H, m, H-11’β) and
1.69 (1H, m, H-11α), as well as the coupling constants of the proton at
δH 4.50 (1H, dd, J = 5.1, 3.0 Hz, H-10′) were slightly different from
those of 3. In the 13C NMR spectrum (Table 1), meanwhile, the methine
at δC 31.8 (C-10′) and two methylenes at δC 30.6 (C-11) and 24.0 (C-

11′) had some differences in chemical shifts compared with 3. Based on
the data of the 1H–1H COSY, HSQC and HMBC, it speculated that the
compounds 3 and 4 had same planer structure, while the configuration
of C-10 changed. Observed from the NOESY spectrum, between H-3′
and H-11′β with H-11β, between H-10′ and H-11α, between H-12a/H-
12b and H-11′β had NOE effects, suggested that 10-OH was on the same
side as H-10′ [15]. Additionally, the CD spectrum of compound 4 was
similar to that of 3, the negative Cotton effect at 265 nm and a positive
Cotton effects 310 nm were indicated in the CD spectrum. According to
the ECD calculations, the absolute configuration of 4 was inferred to be
10R,10′S (Fig. 2). As a result, compound 4 was established as (+)-1-
{2-[(1R,4S)-7-acetyl-4,8-dihydroxy-4-hydroxymethyl-1,2,3,4- tetra-
hydrodibenzo[b,d] furan-1-yl]-5-hydroxy-1-benzofuran-6-yl}ethanone.

Compound 9 was existed as white amorphous powder, [α]25 D –
82.3 (c 0.10, MeOH). The molecular formula of C22H22O8 was deduced
according to the quasi-molecular ion peak m/z 413.1241 [M-H]− (calcd
for C22H21O8, 413.1242) in its HR-ESI-MS (negative). In the 1H NMR
spectrum (Table 2), a benzene ring fragment of ABX spin system could
be inferred from δH 6.69 (1H, d, J = 8.1 Hz, H-5′), 6.48 (1H, br. s, H-
2′) and 6.43 (1H, d, J= 8.1 Hz, H-6′) in the aromatic region. The two
single peaks at δH 6.95 (1H, s, H-6) and 6.62 (1H, s, H-3) inferred to an
aromatic ring with 1,2,4,5-substitution mode, and a sharp singlet at δH
7.55 (1H, s, H-7) was presumed to a proton signal on the double bond.
Signals at δH 4.42 (1H, d, J = 3.1 Hz, H-7′) and 3.86 (1H, d,
J = 3.1 Hz, H-8′), which coupled each other, inferred two proton
signals of adjacent methines. Protons at δH 4.14 (2H, m, H-10) and 4.02
(2H, m, H-10′) were two oxymethylenes, and the signals at δH 1.24
(3H, d, J= 7.1 Hz, H-11′) and 1.11 (3H, d, J= 7.1 Hz, H-11) were two
methyls. The 13C NMR and DEPT spectra (Table 2) had a total of 22
carbons, which contained 2 methyls, 2 methylenes, 8 methines and 10
quaternary carbons. Based on the above description, the skeleton of
compound 9 was a 2,7′-cyclolignan [16]. The HMQC and HMBC
spectra were used to assign the signals. In the HMBC spectrum, the
correlations from δH 7.55 (H-7) to δC 129.9 (C-2), 123.9 (C-1), 47.7 (C-
8′), from δH 4.42 (H-7′) to δC 135.2 (C-1′), 129.9 (C-2), 122.5 (C-8),
and from δH 3.86 (H-8′) to δC 137.2 (C-7), 129.9 (C-2), 122.5 (C-8),
45.4 (C-7′), speculated that C-8 with C-8′ and C-2 with C-7′ were
connected to formed a six-membered ring between the two C6C3 units.
The correlations from δH 4.14 (H−10) to δC 166.3 (C-9), 13.5 (C-11),
from δH 4.02 (H-10′) to δC 171.9 (C-9′), 13.7 (C-11′), from δH 1.24
(H-11′) to δC 60.0 (C-10′), and from δH 1.11 (H-11) to δC 60.3 (C-10)
confirmed that compound 9 existed the diethyl esters [17]. According
to the coupling constant of H-7′ and H-8′ (J7’,8′ = 3.1 Hz), the con-
figuration of compound 9 was deduced to be trans [16]. By CD ex-
periment, a positive Cotton effect was observed at 345 nm, and the
calculated ECD data of 9 were similar to its methyl ester derivative 4a
published in Tetrahedron [18]. Therefore, the absolute configurations
was determined to be 7′S,8′R. Based on above analysis, compound 9
was identified as (7′S,8′R)-4,5,3′,4′-tetrahydroxy-2,7′- cyclolign-7-
ene-9,9′-dioic acid diethyl ester.

Compound 10 was obtained as yellow amorphous powder, [α]25

D + 9.2 (c 0.12, MeOH). The molecular formula was determined to
C22H24O8 according to the ion m/z 417.1552 [M + H]+ (calcd for
C22H25O8, 417.1549) in the HR-ESI-MS (positive). The 1H NMR spec-
trum (Table 2) of 10 exhibited two tetra-substituted aromatic rings, one
of them at δH 6.98 (1H, d, J = 1.8 Hz, H-6′) and 6.90 (1H, d,
J = 1.8 Hz, H-2′), and the other with two equivalent aromatic protons
at δH 6.83 (2H, s, H-2 and 6). Two olefinic protons at δH 7.51 (1H, d,
J = 16.3 Hz, H-7′) and 6.96 (1H, d, J = 16.3 Hz, H-8′) existed on a
trans carbon‑carbon double bond. A three‑carbon sequence, CH(O)CH
(O)CH2OH, inferred from δH 4.96 (1H, d, J = 8.0 Hz, H-7), 4.19 (1H,
ddd, J = 8.0, 4.3, 2.5 Hz, H-8), δH 3.74 (1H, dd, J = 12.4, 2.5 Hz, H-9a)
and 3.52 (1H, dd, J = 12.4, 4.3 Hz, H-9b), and a fragment of benzo-1,4-
dioxane was formed. It was also revealed that three methoxyl groups at
δH 3.86 (3H, s, 5’-OCH3), 3.85 (6H, s, 3 and 5-OCH3), and one methyl atFig. 2. Key NOE correlations of compounds 3 and 4.
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δH 2.29 (3H, s, H-10′) in 1H NMR. The 13C NMR and DEPT showed 22
carbons (Table 2), which ascribed to 15 olefinic (6 × CH and 9 × C)
and 7 aliphatic (4 × CH3, 1 × CH2, 2 × CH) carbons. Combining with
the 1H NMR, it was inferred that the skeleton of compound 10 were
3′,7-epoxy-8,4′-oxyneolignans. The HMBC and 1He1H COSY spectra
indicated the correlations of δH 2.29 (H-10′) with δC 197.8 (C-9′) and
126.5 (C-8′), and δH 7.51 (H-7′) with δC 197.8 (C-9′), 127.8 (C-1′),
126.5 (C-8′), 111.2 (C-2′), which could be verified that the acetyl
group was linked to the 3-methoxy-4,5-dioxophenyl group through a
double bond. The three‑carbon sequence, CH(O)CH(O)CH2OH, was link
to the other symmetrical aromatic ring at δC 128.0 (C-1) supported by
long range correlations of δH 4.96 (H-7) with δC 106.4 (C-2 and C-6),
79.3 (C-8) and 61.7 (C-9). Furthermore, the stereochemistry between
H-7 and H-8 led to the coupling constant about J7, 8= 8.0 Hz, the NOE
correlations between H-8/H-6 and H-7/H-9 clearly indicated the re-
lative configuration was determined as threo [19]. The absolute con-
figuration of 10 was 7S,8S indicated by CD spectrum with two positive
Cotton effects at 276 and 238 nm, and a negative Cotton effect at
223 nm [20]. Therefore, compound 10 was identified as 4-[(3S)-(4-
hydroxy-3,5-dimethoxyphenyl)-(2S)-hydroxymethyl-8-methoxy-2,3-
dihydrobenzo-[1,4]dioxin-6-yl]-(3E)-buten-2-one.

The remaining 17 known compounds were identified as (S)-11-hy-
droxy- 10,11-dihydro-euparin (2) [21], (−)-1-[2-(1,2-dihydroxy-1-
methylethyl)-2,3-dihydro- 6-hydroxy-5-benzofuranyl-ethanone (5)
[22], (−)-(7R,8S, 7′E)-4-hydroxy-3,5,5′,9′- tetramethoxy-4′,7-
epoxy-8,3′-neolign-7′-en-9-ol (6) [23], (+)-ficusal (7) [24], (+)-ba-
lanophonin (8) [25], (+)-erythro-syringylglycerol-β- O-4′-sinapyl ether
(11) [26], (+)-xanthiumnolic A (12) [27], (−)-evofolin B (13) [28],
(+)-(7′R,8R,8′S)-4,4′,9′- trihydroxy-3,3′-dimethoxy-7′,9-epox-
ylignan-7-one (14) [29], (−)-(7′S,8S,8′R)-4,4′- dihydroxy-3,3′,5,5′-
tetramethoxy-7′,9-epoxylignan-9′-ol-7-one. (15) [30], (−)-syringar-
esinol (16) [31], (−)-(7R,7′R,7”R,8S,8′S,8”S)-4′,4″-dihydroxy-
3,3′,3″-trimethyl-pentameth-oxy-7,9,7′,9′-diepoxy-4,8″-oxy-8,8′-
sesquineolignan-7″,9″-diol (17) [32,33], (−)-(7R,7′R,7”R,8S,8′S,
8”S)-4′,4″-dihydroxy-3,3′,3″,5,5′-pentameth- oxy-7,9,7′,9′-die-
poxy-4,8″-oxy-8,8′-sesquineolignan-7″,9″-diol (18) [30],
(+)-(7R,7′R, 7”R,8S,8′S,8”S)-4′,4″-dihydroxy-3,3′,3″,5,5′,5″-hexa-
methoxy-7,9,7′,9′-diepoxy-4,8″- oxy-8,8′-sesquineolignan-7″,9″-diol
(19) [34], (−)-(7R,7′R,7”S,8S,8′S,8”S)-4′,4″- dihydroxy-3,3′,3″-tri-
methyl-pentameth-oxy-7,9,7′,9′-diepoxy-4,8″-oxy-8,8′-sesquineo-
lignan-7″,9″-diol (20) [32,33], (−)-(7R,7′R,7”S,8S,8′S,8”S)-4′,4″-
dihydroxy-3,3′,3″,5,5′- pentameth-oxy-7,9,7′,9′-diepoxy-4,8″-oxy-
8,8′-sesquineolignan-7″,9″-diol (21) [34], and (−)-(7R,7′R,7”S,8S,
8′S,8”S)-4′,4″-dihydroxy-3,3′,3″,5,5′,5″-hexa-methoxy- 7,9,7′,9′-
diepoxy-4,8″-oxy-8,8′-sesquineolignan-7″,9″-diol (22) [35], respec-
tively, based on their spectroscopic data compared with those reported
in the literature.

3.2. Anti-neuroinflammatory activities

NO production was considered as an important factor lead to in-
flammation. The anti-neuroinflammatory activities of all isolated
compounds were summarized in Table 3. The viability of BV-2 micro-
glia cells was determined by MTT assay. The results showed that the 22
compounds except compound 12 performed no obvious cytotoxicity to
BV-2 cells at the maximum concentrations of 100 μM, indicated that the
NO inhibitory effects of the tested compounds was not caused by cy-
totoxicity. In LPS-induced NO production inhibitory assay, most of the
compounds have anti-neuroinflammatory activity. Compounds 3, 4, 6,
8, 12, 17 and 20 were displayed significant anti-neuroinflammatory
activity (IC50 < 20 μM) compared to minocycline
(IC50 = 23.15 ± 1.04 μM). Among them, compound 4, a benzofuran
dimer, had the most significant activity with the IC50 value of
11.62 ± 3.42 μM. Besides, compounds 2, 10, 11, 16, 18, 19 and 22
indicated obvious anti-neuroinflammatory activities (IC50 = 20 to
50 μM). According to the bioactivity results, the C6C3 unit in the
structure did not seem to be a key factor to inhibit the production of
NO, while substituent group on the skeleton or configuration of the
structure acted an important role.

The new compounds 3, 4 and 10 had obvious anti-inflammatory
activities and their effects on the accumulation of pro-inflammatory
factors iNOS and COX-2 in LPS-stimulated BV-2 cells were analyzed by
Western blot. As shown in Fig. 3A and Fig. 3B, the LPS group showed an
obvious upward trend compared with the model group. Compounds 3,
4 and 10 were found to be dose-dependently reducing the LPS-induced
iNOS expressions, and had no obvious effects in COX-2 expressions,
which revealed that the NO inhibitory effect of the compounds may be
exerted via iNOS related pathway. In addition, the effects of the com-
pounds on the mRNA levels in LPS-activated BV2 cells were also ex-
amined by PCR assay. In Fig. 3C, the mRNA levels of iNOS, COX-2, IL-
1β were noticeably increased after LPS (1 μg/mL) stimulation. Com-
pounds 3 and 4 pre-treatment dose-dependently inhibited the expres-
sions of iNOS and IL-1β mRNA in LPS-induced BV-2 cells. Nevertheless,
the inhibitory effects of the three compounds on COX-2 mRNA level
were not significantly at the same condition, except compound 4. The
results demonstrated that the compounds certainly inhibited the NO
production, the expression of iNOS, COX-2 and pro-inflammatory cy-
tokine IL-1β in LPS-stimulated BV-2 cells.

Using immunofluorescent staining of BV-2 cells challenged with
LPS, it found that compounds 3, 4 and 10 were capable of blocking NF-
κB translocation from cytoplasmic to nuclear. By observing by micro-
scopy in living cells, it was discovered that the NF-κB in LPS-stimulated
BV-2 cells aggregated to the nucleus in large quantities compared with
the control group. However, the nuclear translocation and accumula-
tion of NF-κB diminished owing to compounds pretreatment (Fig. 4). All

Table 3
Inhibitory effects on NO production induced by LPS in BV-2 cells of the compounds from P. clematidea.

Compound IC50 (μM)a Cell viability Compound IC50 (μM)a Cell viability

1 79.97 ± 10.05 > 100 13 69.36 ± 6.23 >100
2 25.39 ± 2.21 > 100 14 95.31 ± 0.35 >100
3 19.30 ± 1.43 > 100 15 70.40 ± 4.51 >100
4 11.62 ± 3.42 > 100 16 39.36 ± 3.71 >100
5 94.39 ± 3.75 > 100 17 17.76 ± 4.34 >100
6 15.19 ± 4.56 > 100 18 27.94 ± 4.28 >100
7 63.70 ± 0.61 > 100 19 47.79 ± 3.71 >100
8 15.14 ± 2.77 > 100 20 16.81 ± 2.01 >100
9 70.70 ± 3.58 > 100 21 66.94 ± 5.65 >100
10 27.54 ± 8.08 > 100 22 40.71 ± 15.19 >100
11 26.74 ± 6.97 > 100 Minocyclineb 23.15 ± 1.04 >100
12 16.25 ± 3.74 58.05 ± 18.66

a Values were presented as means± SD (n = 3);
b Positive control.
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the above indicated that compounds isolated from praxelis have great
potentiality of anti-neuroinflammatory.

4. Conclusion

In this paper, 3 new benzofurans, 2 new lignans and 17 known
compounds were purified and identified from praxelis. The anti-

neuroinflammatory activities of the isolated compounds were evaluated
by LPS-induced NO production in microglia BV-2 cells, and the results
exhibited that the majority of them displayed potent anti-neuroin-
flammatory activity. Meanwhile, immunoblotting, immunofluorescence
assay and quantitative RT-PCR were used to further verify the anti-in-
flammatory activity of the isolated compounds from cell and mRNA
expression levels. These results indicated that the compounds obtained

Fig. 3. Inhibitory effects on the expression levels of pro-inflammatory mediators of iNOS, COX-2 and IL-1β in LPS-stimulated BV-2 cells of compounds 3, 4 and 10.
A. Immunoblotting results of the LPS-stimulated iNOS and COX-2 protein expression in LPS-stimulated BV-2 cells.
B. The quantitative analysis of the expression of iNOS and COX-2 in BV-2 cells by immunoblotting.
C. The quantitative analysis of iNOS, COX-2 and IL-1β mRNA levels in LPS-stimulated BV-2 cells by RT-PCR.
##p < 0.01, ### p < 0.001 vs. control group, * p < 0.05, **p < 0.01, ***p < 0.001 vs LPS group.
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from praxelis exhibited potent anti-neuroinflammatory activity.
This study indicated that praxelis was considered as a harmful weed

to be removed and rejected, but it could be used as a cheap source of
anti-neuroinflammatory compounds. Therefore, the rational manage-
ment of praxelis is not only become beneficial resources to improve the
ecological environment, but also has great significance for finding
bioactive substances that can be used in medicine, cosmetics and
agricultural industry.
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