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ABSTRACT

Objective To study the chemical constituents from the leaves of Oplopanax horridus.
Methods The chemical constituents were isolated and purified by column
chromatography on silica gel and Sephadex LH-20 gel columns, 'TH-NMR and '3C-NMR
were applied for the identification of chemical structure. Results Ten compounds were
isolated and identified as dammara-20,24-dien-3B-ol acetate (1), phytol (2), 162,192
pentacosadienoic acid (3), B-sitosterol (4), (35,89 -falcarindiol (5), maltol (6),
acankoreagenin (7), daucosterol (8), stigmasterol-3-0-B-D-glucopyranoside (9), and
acankoreoside A (10). Conclusion Compounds 1-3, 6, and 10 are isolated from this
plant for the first time. Compounds 1-3 and 6 are isolated from the plants in genus
DOI: Oplopanax Miq. for the first time. Moreover, Compounds 1, 3, and 6 are isolated from
10.1016/S1674-6384(14)60050-2 the plants in the family of Araliaceae for the first time.
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1. Introduction

Plants of the genus Oplopanax Miq. (Araliaceae) are

mainly distributed in eastern Asia and northwestern America.

This genus consists of three species, such as Oplopanax
elatus Nakai, O. japonicus (Nakai) Nakai, O. horridus
(Smith) Miq. (Calway et al, 2012). O. horridus, or Devil’s
club, is a commonly used traditional folk herb by indigenous
people native to the Pacific Northwest of North America.
Until now, O. horridus has been used for the treatment of
respiratory diseases, cardiovascular diseases, gastrointestinal
diseases, diabetes, arthritis, and cancer (Calway et al, 2012).
Previous phytochemical investigations on O. horridus mainly
focus on the root bark, which have revealed the presence of

Tel: +86-853- 2884 1358
T These authors contribute equally to this work.

* Corresponding author: Zhao J

Fax: +86-853-2884 1358

polyynes, triterpene glycosides, phenolic glycosides,
sesquiterpenes, lignans, and polyenes (Calway et al, 2012).
Actually, leaf of O. horridus is a traditionally used medicinal
part to treat arthritis and rheumatism (Trevor et al, 2004).
Moreover, bioactive study showed triterpenoids from the
leaves of O. horridus has significant inhibitory effects on
human hepatoma carcinoma cells (HepG-2), human colon
cancer cells (HCT116), human lung carcinoma cells
(NCI-H460), and human gastric cancer cells (MGC803)
(Liu et al, 2012). However, the phytochemical investigation
on the leaves of this plant is rarely reported. To further
investigate the chemical constituents from the leaves, we
isolated and identified 10 compounds in this study and
discussed their chemotaxonomic significance.

E-mail: zhaojing.cpu@163.com

Fund: NIH/NCCAM (AT004418 and AT005362 to C. S. Yuan); University of Macau (UL015/09-Y1 to S. P. Li) grants



Cao et al. Chinese Herbal Medicines, 2014, 6(4): 328-331 329

2. Materials and methods
2.1 Apparatus and reagents

The '"H-NMR and C-NMR spectra were recorded on a
Bruker AV—500 Spectrometer (Germany) with tetramethylsilane
(TMS) as an internal standard. Silica gel (100—-200 and
200—300 mesh) (Qingdao Marine Chemical Co., Ltd., China)
and Alltech RP-C g silica gel (40—63 um, USA) were used for
column chromatography (CC). Precoated silica gel GF,sy
plates (Qingdao Marine Co., Ltd., China) were used for TLC.

2.2 Plant material

Leaves of Oplopanax horridus (Smith) Miq. were
obtained from Alaska, USA, in September 2012, and were
identified by Dr. Chun-su Yuan. A voucher specimen was
deposited at the State Key Laboratory of Quality Research in
Chinese Medicine, Institute of Chinese Medical Sciences,
University of Macau, Macao SAR, China.

2.3 Extraction and isolation

Air-dried and powdered leaves of O. horridus (2.2 kg)
were extracted with 70% ethanol at room temperature for
three times. After the removal of ethanol by concentration, the
extract (550 g) was suspended in water and partitioned
sequentially with petroleum ether, EtOAc, and n-BuOH,
respectively.

The petroleum ether extract (39.51 g) was separated
into 16 fractions (Frs. 1-16) by using silica gel column
(petroleum ether-EtOAC, 20:1—1:1). Frs. 1 and 2 were
purified by repeated silica gel and Sephadex LH-20
(MeOH-CHCls) to give compounds 1 (126 mg), 2 (200 mg),
and 3 (900 mg).

The EtOAc extract (39.78 g) was separated into 17
fractions (Frs. 1-17) by using silica gel column (petroleum
ether-EtOAC, 20:1—1:1). Frs. 3—-5 were purified by

Sephadex LH-20 column (MeOH) to give compound 4 (205
mg), the same method was applied to obtain compounds 5 (65
mg) and 6 (33 mg) from Frs. 6 and 7. Frs. 13—16 were
subjected to MCI gel column (MeOH), followed by MPLC
over on silica gel (CHCls-acetone 20:1—1:1) and Sephadex
LH-20 column (MeOH) to give compound 7 (260 mg).

The n-BuOH extract (162.68 g) was separated over
silica gel (CHCl;-MeOH 100:1—0:1) to afford 15 fractions
(Frs. 1-15). Compounds 8 and 9 (mixed, 30 mg) were
obtained from Fr. 9 as precipitate in MeOH. Frs. 14 and 15
were subjected to MPLC over on silica gel (CHCl;-MeOH
100:1—0:1), ODS gel (MeOH-H,O 1:8—1:0) and Sephadex
LH-20 (MeOH) column to give compound 10 (1.4 g). The
chemical structures of compounds 1-10 are shown in Figure 1.

3. Results and discussion
3.1 Structure identification

Compound 1: white crystal. '"H-NMR (400 Hz, CDCl;)
d: 5.13 (1H, t, J = 6.9 Hz, H-24), 4.74 (1H, s, H-21a), 4.71
(1H, s, H-21b), 4.48 (1H, m, H-3a), 2.04 (3H, s), 1.69 (3H, s),
1.61 (3H, s), 0.97 (3H, s), 0.87 (3H, s), 0.86 (3H, s), 0.85 (6H,
s). BC-NMR (100 Hz, CDCl;) 6: 38.8 (C-1), 23.7 (C-2), 80.9
(C-3), 37.9 (C-4), 56.0 (C-5), 18.2 (C-6), 35.4 (C-7), 40.5
(C-8), 50.9 (C-9), 37.2 (C-10), 21.4 (C-11), 24.9 (C-12), 47.8
(C-13), 49.4 (C-14), 31.4 (C-15), 27.1 (C-16), 45.3 (C-17),
15.9 (C-18), 16.3 (C-19), 152.7 (C-20), 107.5 (C-21), 34.2
(C-22), 28.9 (C-23), 124.5 (C-24), 131.4 (C-25), 25.7 (C-26),
17.7 (C-27), 28.0 (C-28), 15.6 (C-29), 16.5 (C-30), 170.9
(C-1"), 21.3 (C-2'). The 'H-NMR and "C-NMR data were in
agreement with those given in literature (Zhang and Chen,
2011), and compound 1 was identified as dammara-20,24-
dien-3B-ol acetate.

Compound 2: colorless oil. "H-NMR (400 Hz, CDCl;) 6:
5.41 (1H, dt, J= 6.9 Hz, 1.2 Hz, H-2), 4.15 (2H, d, J = 6.9 Hz,
H-1), 1.98 (2H, m, H-4), 1.66 (3H, s, H-20), 1.52 (1H, m,
H-15), 0.83-0.87 (12H, m, H-16, H-17, H-18, H-19). '*C-NMR
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Figure 1 Chemical structures of compounds 1-10
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(100 Hz, CDCl3) o: 59.4 (C-1), 123.1 (C-2), 140.2 (C-3), 39.8
(C-4), 39.3 (C-5), 37.4 (C-6), 32.8 (C-7), 37.3 (C-8), 37.3 (C-9),
36.6 (C-10), 32.7 (C-11), 24.4 (C-12), 24.8 (C-13), 25.1 (C-14),
27.9 (C-15), 19.7 (C-16), 22.6 (C-17), 22.6 (C-18), 19.7 (C-19),
16.1 (C-20). The 'H-NMR and “C-NMR data were in
agreement with those given in literature (Feng et al, 2008), and
compound 2 was identified as phytol.

Compound 3: colorless crystal. 'H-NMR (400 Hz,
CDCls) d: 5.35 (4H, m, H-16, H-17, H-19, H-20), 2.77 (2H,
m, H-18), 2.34 (2H, t, J = 7.5 Hz, H-2), 2.04 (4H, m, H-15,
H-21), 1.63 (2H, quint, J = 7.2 Hz, H-3), 1.20—1.30 (28H, m,
H-4-H-14, H-22-H-24), 0.87 (3H, t, J = 6.4, H-25). 3C-NMR
(100 Hz, CDCl;) ¢: 180.0 (C-1), 34.0 (C-2), 24.7 (C-3),
29.0-29.6 (C-4-C-14), 27.1 (C-15), 130.0 (C-16), 128.0
(C-17), 25.6 (C-18), 130.2 (C-19), 127.8 (C-20), 27.1 (C-21),
29.7 (C-22), 31.9 (C-23), 22.6 (C-24), 14.0 (C-25). The
'"H-NMR and "*C-NMR data were in agreement with those
given in literature (Huang et al, 2007), and compound 3 was
identified as 16Z,19Z-pentacosadienoic acid.

Compound 4: colorless needle crystal. Its Rf value is in
accordance with that of reference substance (B-sitosterol), and
compound 4 was identified as f3-sitosterol.

Compound 5: colorless oil. 'H-NMR (400 Hz, CDCls) &
5.94 (1H, ddd, J = 15.6, 10.2, 5.4 Hz, H-2), 5.60 (1H, dt, J =
10.6, 7.4 Hz, H-10), 5.51 (1H, d, J = 8.2 Hz, H-9), 5.47 (1H,
d, J=16.8 Hz, H-1a), 5.25 (1H, d, J = 10.2 Hz, H-1b), 5.20
(1H, d, J = 8.2 Hz, H-8), 4.94 (1H, d, J = 5.3 Hz, H-3), 2.11
(2H, m, H-11), 1.38 (2H, m, H-12), 1.27 (8H, m, H-13, H-14,
H-15, H-16), 0.88 (3H, t, J = 7.0 Hz, H-17). The 'H-NMR data
was in agreement with that given in literature (Tamura et al,
2010), and compound 5 was identified as (3S,8S)-falcarindiol.

Compound 6: white needle crystal. "H-NMR (400 Hz,
CD;0D) d: 7.92 (1H, d, J= 5.5 Hz, H-6), 6.37 (1H, d, J= 5.5
Hz, H-5), 2.33 (3H, s, 2-CH3). *C-NMR (100 Hz, CD;0D) ¢:
152.1 (C-2), 144.5 (C-3), 175.2 (C-4), 114.4 (C-5), 156.2
(C-6), 14.2 (2-CH3). The 'H-NMR and *C-NMR data were in
agreement with those given in literature (Sun et al, 1995), and
compound 6 was identified as maltol.

Compound 7: white needle crystal. 'H-NMR (400 Hz,
CD;0D) ¢: 4.71 (1H, d, J = 1.4 Hz, H-29b), 4.59 (1H, s,
H-29a), 3.72 (1H, s, H-3), 3.05 (1H, m, H-19), 1.70 (3H, s,
H-30), 1.15 (3H, s, H-24), 1.07 (3H, s, H-26), 0.98 (3H, s,
H-25), 0.91 (3H, s, H-27). ®C-NMR (100 Hz, CD;0D) ¢:
33.4 (C-1), 26.1 (C-2), 73.8 (C-3), 52.4 (C-4), 45.4 (C-5),
21.8 (C-6), 35.1 (C-7), 42.4 (C-8), 51.8 (C-9), 38.0 (C-10),
22.3 (C-11), 26.8 (C-12), 39.6 (C-13), 43.8 (C-14), 30.8
(C-15), 33.3 (C-16), 57.5 (C-17), 50.4 (C-18), 48.5 (C-19),
151.9 (C-20), 31.7 (C-21), 38.1 (C-22), 180.3 (C-23), 17.7
(C-24), 16.9 (C-25), 16.8 (C-26), 15.1 (C-27), 180.0 (C-28),
110.1 (C-29), 19.5 (C-30). The 'H-NMR and *C-NMR data
were in agreement with those given in literature (An et al,
2009), and compound 7 was identified as acankoreagenin.

Compound 8: white solid. "*C-NMR (100 Hz, CD,0D) 6:
37.4 (C-1), 29.4 (C-2), 78.5 (C-3), 39.9 (C-4), 140.8 (C-5),
121.8 (C-6), 30.2 (C-7), 29.8 (C-8), 50.3 (C-9), 36.3 (C-10),
19.9 (C-11), 39.3 (C-12), 42.4 (C-13), 56.2 (C-14), 24.4
(C-15), 28.4 (C-16), 56.0 (C-17), 12.0 (C-18), 19.1 (C-19),

36.8 (C-20), 189 (C-21), 34.1 (C-22), 25.6 (C-23), 46.0
(C-24), 29.2 (C-25), 18.9 (C-26), 19.3 (C-27), 23.3 (C-28),
12.4 (C-29), 102.5 (C-1"), 75.2 (C-2"), 78.0 (C-3"), 71.6 (C-4"),
78.5 (C-5"), 62.8 (C-6'). The *C-NMR data was in agreement
with that given in literature (Yoo et al, 2006), and compound
8 was identified as daucosterol.

Compound 9: white solid. *C-NMR (100 Hz, CD,0D) 6:
37.4 (C-1), 29.4 (C-2), 78.5 (C-3), 40.6 (C-4), 140.8 (C-5),
122.8 (C-6), 32.1 (C-7), 32.0 (C-8), 51.3 (C-9), 36.3 (C-10),
21.4 (C-11), 42.3 (C-12), 42.4 (C-13), 56.8 (C-14), 24.4
(C-15), 26.4 (C-16), 56.7 (C-17), 12.0 (C-18), 19.1 (C-19),
36.8 (C-20), 18.9 (C-21), 138.7 (C-22), 129.4 (C-23), 46.0
(C-24), 29.2 (C-25), 21.2 (C-26), 19.3 (C-27), 23.3 (C-28),
11.9 (C-29), 102.5 (C-1"), 75.2 (C-2"), 78.3 (C-3"), 71.6 (C-4"),
78.5 (C-5"), 62.8 (C-6'). The *C-NMR data was in agreement
with that given in literature (Liu et al, 2005), and compound 9
was identified as stigmasterol-3-O-f3-D-glucopyranoside.

Compound 10: white solid. "H-NMR (400 Hz, CD;0D)
J: 545 (1H, d, J = 8.0 Hz, H-1 of Glc), 4.73 (1H, s, H-1 of
Rha), 4.60 (1H, s, H-29b ), 4.36 (1H, d, J = 8.0 Hz, H-1 of
Glc"), 4.10 (1H, m, H-29a ), 1.69 (3H, s, H-30), 1.24 (3H, d,
J = 6.4 Hz, CH; of Rha), 1.13 (3H, s, H-24), 1.04 (3H, s,
H-26), 0.96 (3H, s, H-25), 0.89 (3H, s, H-27). *C-NMR (100
Hz, CD;0D) ¢: 33.5 (C-1), 26.8 (C-2), 73.7 (C-3), 52.3 (C-4),
45.6 (C-5), 22.2 (C-6), 35.1 (C-7), 42.5 (C-8), 51.8 (C-9),
38.0 (C-10), 21.8 (C-11), 26.1 (C-12), 39.3 (C-13), 43.7
(C-14), 30.8 (C-15), 32.8 (C-16), 57.9 (C-17), 50.5 (C-18),
48.3 (C-19), 151.7 (C-20), 31.5 (C-21), 37.6 (C-22), 181.0
(C-23), 17.8 (C-24), 17.0 (C-25), 16.9 (C-26), 15.1 (C-27),
176.3 (C-28), 110.4 (C-29), 19.5 (C-30), 95.2 (C-1 glc), 73.9
(C-2 gle), 79.6 (C-3 gle), 71.0 (C-4 glc), 78.0 (C-5 glc), 69.5
(C-6 glc), 104.5 (C-1 gle"), 75.2 (C-2 glc¢'), 76.7 (C-3 glc'),
78.2 (C-4 glc"), 76.8 (C-5 glc"), 61.9 (C-6 glc'), 102.9 (C-1
rha), 72.2 (C-2 rha), 72.4 (C-3 rha), 73.7 (C-4 rha), 70.6 (C-5
rha), 17.8 (C-6 rha). The 'H-NMR and *C-NMR data were in
agreement with those given in literature (Van Kiem et al,
2003), and compound 10 was identified as acankoreoside A.

3.2 Chemotaxonomic significance

Ten compounds were isolated and identified from the leaves
of O. horridus, including three triterpenoids (1, 7, 10), one
diterpenoid (2), one polyyne (5), one pyrone (6), one unsaturated
fatty acid (3) and three steroids (4, 8, 9). Compounds 1-3, 6, and
10 were reported from this species for the first time. Compounds
1-3 and 6 are isolated from the genus Oplopanax Miq. for the
first time. Moreover, Compounds 1, 3, and 6 are isolated from
the family of Araliaceae for the first time.

Araliaceae, a big family of medicinal plants, comprises
about 700 species in 55 genera, and is rich in triterpenoids
which are the most representative components from this
family (Hansen and Boll, 1986). In this study, two
triterpenoids with high content (compounds 7 and 10) were
isolated from O. horridus previously reported from the genera
Schefflera J. R. et G. Forst. (Sung et al, 1991; Wanas et al,
2010), Brassaiopsis Decne. et Planch. (Van Kiem et al, 2003)
Acanthopanax Miq. (Chang et al, 1998; Liu et al, 2002), and
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Oplopanax Miq. (Hirai et al, 1995; Liu et al, 2010; 2012). The
similarity of triterpenoids suggests a potential close
relationship among these genera.

Dammara-20,24-dien-3-ol acetate (1) has been mainly
reported from the family Asteraceae, including Taraxacum
Weber. (Saeki et al, 2013), Santolina Tourn. (Ferrari et al,
2005), Microglossa DC. (Schmidt et al, 2003), etc. In addition,
some plants of Cruciferae, Boraginaceae, and Theaceae
contain this compound as well. Although dammarane
triterpenoid is very common in the family Araliaceae,
especially in the genus Panax Linn., this component is the
first report from the family Araliaceae. 16Z,19Z-
Pentacosadienoic acid (3) has been reported from Tagetes
erecta L. (Asteraceae) (Huang et al, 2007) and freshwater
Israeli sponges (Rezanka and Dembitsky, 2002). To our best
knowledge, this is the second report about this component
from natural herbs and first report from Araliaceae. Maltol (6)
has been reported from many medicinal plants. Theoretically,
it is considered as a product of Maillard reaction (Yaylayan
and Mandeville, 1994). An example is that maltol exists in the
red ginseng (steamed P. ginseng) but could not be detected in
the fresh P. ginseng (Li et al, 1999). It indicates that maltol is
a significant compound in red ginseng. In this study, as a
natural product, this is the first report from Araliaceae.
However, limited data on these three components are within
other species of Araliaceae, and these data suggest further
work on different species of Araliaceae is justified.

Phytol (2) exists commonly in many medicinal plants in
different families. In Araliaceae, this compound has
previously been isolated from Schefflera J. R. et G. Forst.
(Kuo et al, 2002), Panax Linn. (Lai et al, 2010),
Acanthopanax Miq. (Zhang and Liu, 2001), etc. This is the
first report from the genus Oplopanax Migq.

References

An SY, Qian SH, Jiang JQ, Wang KC, 2009. Chemical constituents in
leaves of Acanthopanax gracilistylus. Chin Tradit Herb Drugs 40:
1528-1534.

Calway T, Du GJ, Wang CZ, Huang WH, Zhao J, Li SP, Yuan CS,
2012. Chemical and pharmacological studies of Oplopanax
horridus, a North American botanical. J Nat Prod 66: 249-265.

Chang SY, Yook CS, Nohara T, 1998. Two new lupane-triterpene
glycosides from leaves of Acanthopanax koreanum. Chem Pharm
Bull 46: 163-165.

Feng C, Li XM, Tian MQ, Wang BG, 2008. Chemical constituents of
medicinal mangrove plant Hibiscus tilisceus. Mar Sci 32: 57-60.

Ferrari B, Tomi F, Casanova J, 2005. Terpenes and acetylene
derivatives from the roots of Santolina corsica (Asteraceae).
Biochem Syst Ecol 33: 445-449.

Hansen L, Boll PM, 1986. Polyacetylenes in Araliaceae—Their
chemistry, biosynthesis and biological significance. Phytochemistry
25:285-293.

Hirai Y, Murayama T, Miyakoshi M, Hirono S, Isoda S, Ideura N, Ida
Y, Shoji J, Wang GS, Xu JD, 1995. Three new lupane type
glycosyl esters from Oplopanax japonicus leaves. J Nat
Med-Tokyo 49: 462-467.

Huang S, Zhou XL, Wang HY, Zhang GW, 2007. Chemical
constituents from the flowers of Tagetes erecta L. West Chin J

Pharma Sci 22: 370-373.

Kuo YH, Lo JM, Chan YF, 2002. Cytotoxic components from the
leaves of Schefflera taiwaniana. J Chin Chem Soc-Taip 49:
427-431.

Lai PH, Tian GH, Ji XH, Zhao H, 2010. Study on volatile
components and antimicrobial activities of the essential oil from
the leaf of Panax japonicus var. major in Daba Mountain. Chin J
Exp Tradit Med Form 16: 7-11.

Li XG, Zheng YN, Liu MX, Zhang LL, 1999. A study on maillard
reaction and its products during processing of red ginseng. Chin J
Chin Mat Med 24: 274-278.

Liu GY, Zheng J, Yu ZX, Zhang J, Lin RC, 2005. Study on sterols
and triterpenes from the stems of Akebia quinata. Chin Med Mat
28: 1060-1062.

Liu PP, Li M, Kang TG, Dou DQ, Smith DC, 2010. New lupane-type
triterpenoid saponins from leaves of Oplopanax horridus (Devil’s
Club). Nat Prod Commun 5: 1019-1022.

Liu PP, Qu Y, Dou DQ, Kang TG, Smith D, 2012. Determination of
anti-cancer constituents in Oplopanax horridus and Oplopanax
elatus. J Chem Soc Pakistan 34: 419-423.

Liu XQ, Chang SY, Park SY, Nohara T, Yook CS, 2002. A new
lupane-triterpene glycoside from the leaves of Acanthopanax
gracilistylus. Arch Pharm Res 25: 831-836.

Rezanka T, Dembitsky VM, 2002. Multibranched polyunsaturated
and very-long-chain fatty acids of freshwater Israeli sponges. J
Natural Products 65: 709-713.

Saeki D, Yamada T, In Y, Kajimoto T, Tanaka R, lizuka Y, Nakane T,
Takano A, Masuda K, 2013. Officinatrione: An unusual (175)-17,18-
seco-lupane skeleton, and four novel lupane-type triterpenoids from
the roots of Taraxacum officinale. Tetrahedron 69: 1583-1589.

Schmidt TJ, Hildebrand MR, Willuhn G, 2003. New dihydro-
benzofurans and triterpenoids from roots of Microglossa pyrifolia.
Planta Med 69: 258-264.

Sun PY, Ye W, Zhao JF, Pei YP, Wang ZX, Chen YJ, Ogihara Y,
Takeda T, 1995. Studies on the constituents of Epimedium
koreanum. Chem Pharm Bull 43: 703-704.

Sung TV, Steglich W, Adam G, 1991. Triterpene glycosides from
Schefflera octophylla. Phytochemistry 30: 2349-2356.

Tamura S, Ohno T, Hattori Y, Murakami N, 2010. Establishment of
absolute stereostructure of falcarindiol, algicidal principle against
Heterocapsa circularisquama from Notopterygii Rhizoma.
Tetrahedron Lett 51: 1523-1525.

Trevor CL, Kristina S, Nancy JT, 2004. Devil’s Club (Oplopanax
horridus): An ethnobotanical review. Herbal Gram 62: 33-48.

Van Kiem P, Dat NT, Van Minh C, Lee JJ, Kim YH, 2003.
Lupane-triterpenes from the leaves of Brassaiopsis glomerulata.
Arch Pharm Res 26: 594-596.

Wanas AS, Matsunami K, Orsuka H, Desoukey SY, Fouad MA,
Kamel MS, 2010. Triterpene glycosides and glucosyl esters, and a
triterpene from the leaves of Schefflera actinophylla. Chem
Pharm Bul 58: 1596-1601.

Yaylayan VA, Mandeville S, 1994. Stereochemical control of maltol
formation in Maillard reaction. J Agr Food Chem 42: 771-775.
Yoo JS, Ahn EM, Bang MH, Song MC, Yang HJ, Kim DH, Lee DY,
Chung HG, Jeong TS, Lee KT, Choi MS, Baek NI, 2006. Steroids
from the aerial parts of Artemisia princeps Pampanini. Korean J

Med Crop Sci 14: 273-277.

Zhang LX, Liu H, 2001. Comparative analysis of essential oils from
stem-skins, leaves and fruitages of Acanthopanax Giraidii Harma
with GC-MS technique. Chin J Basic Med TCM 7: 344-347.

Zhang T, Chen RY, 2011. Study on chemical constituents in roots of
Inula racemosa. Chin Pharm J 46: 1159-1162.



