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A B S T R A C T

Four new glycosides including a eudesmane-type sesquiterpenoid (1), a guaiane-type sesquiterpenoid
(2), and two C14-polyacetylenes (3, 4) were isolated from the rhizomes of Atractylodes lancea. Their
structures were elucidated by means of spectroscopic and spectrometric analyses (UV, IR, 1D and 2D
NMR, and HR-ESIMS). The absolute configurations of their aglycones were established based on the
experimental and calculated electronic circular dichroism (ECD), whereas those of monosaccharide
moieties were determined by the GC method after chiral derivatization. Compound 4 showed weak anti-
inflammatory effects on the LPS-induced NO production in microglia BV2 cells at a concentration of
10 mmol L�1.
ã 2016 Pei-Cheng Zhang. Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of

Medical Sciences. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Medicinal plants supply a rich source for screening bioactive
constituents. As the common traditional Chinese medicine,
Atractylodes lancea has been reputed for “strengthening spleen,
removing cold, and improving eyesight” [1,2]. Previous researches
reported a series of steroids, monoterpenes, polyacetylenes, and
sesquiterpenoids, which were mainly isolated from the petroleum
ether and ethyl acetate extract of this plant [3–8]. In our continuing
phytochemical investigations on the n-BuOH part of an aq. EtOH
extract of A. lancea [9], one new eudesmane-type sesquiterpenoid
glycoside (1), one new guaiane-type sesquiterpenoid glycoside (2),
and two new C14-polyacetylene glycosides (3, 4) were isolated
using various column chromatographic methods. Their structures
were identified on the basis of spectrometric and spectroscopic
data. The configurational assignments of 1–4 were established
using experimental and calculated electronic circular dichroism
(ECD), whereas those of monosaccharide moieties were deter-
mined by GC after the chiral derivatization. All the compounds
were assayed for anti-inflammatory effects on the lipopolysaccha-
ride (LPS)-induced NO production in microglia BV2 cells.
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2. Results and discussion

Compound 1 was assigned the molecular formula C21H34O8 on
the basis of the HRESIMS adduct ion at m/z 437.2155 [M+Na]+,
suggesting five degrees of unsaturation. Its IR absorption at vmax

1654 cm�1 showed the presence of an a,b-unsaturated ketone
unit, which was confirmed by the resonances at dC 121.2, 167.0, and
198.2 in the 13C NMR spectrum (Table 1). Except for the b-D-
glucopyranosyl moiety (97.1, 73.7, 76.6, 70.3, 77.0, and 61.4), the
remaining 15 carbons revealed a skeleton of eudesmane-type
sesquiterpenoid, whose 1D NMR data (Table 1) were highly similar
to those of 14-hydroxyisopterocarpolone [10]. The key HMBC
cross-peak (Fig. 2) of H-10 with C-11 revealed the location of the
glucosyl moiety at C-11. Therefore, the structure of 1 was
elucidated as 14-hydroxyisopterocarpolone-11-O-b-D-glucopyra-
noside, as evidenced by further analyses of other long-range
correlations. In the ROESY experiment (Fig. 3), correlations of H-
5 with H-1a, H-6a, H-7, and H-9b and those of H3-15 with H-1b, H-
6b, and H-9a indicated that the juncture of A- and B-rings was
trans-configured, H-5 and CH3-10 was axial, whereas C-7 hydrox-
yisopropyl was equatorial. Based on the Snatzke’s rule for the
cyclohexenone unit [11,12], the negative (De = �0.37) Cotton effect
(CE) at 327 nm contributed by the n ! p* electron transition of the
a,b-unsaturated ketone unit unambiguously favored a (5R,7R,10S)
configuration. This configurational assignment was further sup-
ported by the ECD calculation, which was perfomed using an
MMFF94 force field and the time-dependent density functional
Medica, Chinese Academy of Medical Sciences. Published by Elsevier B.V. All rights
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Table 1
1H NMR (500 MHz)Q4 and 13C NMR (125 MHz) data for compounds 1 and 2 in DMSO-
d6.

No. 1 2

dH dC dH dC

1a 2.21, d (16.0) 54.1 2.48, overlap 44.8
1b 2.06, d (16.0)
2a 198.2 2.49, overlap 41.3
2b 1.98, overlap
3 5.95, brs 121.2 207.8
4 167.0 134.3
5 2.46, dt (3.0,12.5) 45.2 177.4
6a 2.06, overlap 22.0 3.02, m 28.3
6b 0.98, d (12.5) 2.00, m
7 1.52, m 47.4 1.62, overlap 45.8
8a 1.57, overlap 21.5 1.64, overlap 26.2
8b 1.23, m 1.47, m
9a 1.47, m 39.4 1.76, m 26.6
9b 1.36, td (3.0, 12.5) 1.58, overlap
10 37.2 1.18, overlap 46.3
11 78.7 79.1
12 1.12, s 22.6 1.15, s 21.6
13 1.16, s 25.1 1.16, s 24.4
14 4.11, brs 61.0 1.60, brs 7.6
15a 0.77, s 16.7 3.46, m 65.4
15b 3.25, dd (7.0, 10.5)

Glc Glc
10 4.28, d (7.5) 97.1 4.32, d (7.5) 97.0
20 2.90, m 73.7 2.92, t (8.5) 73.9
30 3.05, overlap 76.6 3.14, t (8.5) 77.2
40 3.02, overlap 70.3 3.00, overlap 70.4
50 3.14, t (8.5) 77.0 3.06, overlap 76.6
60a 3.63, brd (11.5) 61.4 3.62, brd (11.5) 61.3
60b 3.43, overlap 3.45, overlap
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eory (TDDFT) at the B3LYP/6–31 + G(d,p) level (see Supplemen-
ry data, S22). As a result, the calculated spectrum (Fig. 4) of
R,7R,10S)-diastereomer well matched with the experimental
ectrum for compound 1.
Fig. 1. The chemical struct

Please cite this article in press as: K. Xu, et al., Sesquiterpenoid and C14-p
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The HRESIMS of compound 2 showed an adduct ion peak at m/z
415.2339 [M + H]+, whose molecular formular was deduced as
C21H34O8 (calcd. for 415.2332). IR apsorption at 1680 cm�1 was
indicative of a conjugated carbonyl group. The 13C NMR data
(Table 1) confirmed the presence of an a,b-unsaturated ketone
unit (dC 134.3, 177.4, and 207.8), a b-D-glucopyranosyl moiety (dC
97.0, 73.9, 77.2, 70.4, 76.6, and 61.3), three primary carbons (dC 7.6,
21.6, and 24.4), five second carbons (dC 26.2, 26.6, 28.3, 41.3, and
65.4), as well as four tertiary carbons (dC 44.8, 45.8, 46.3, and 79.1).
Based on the aforementioned evidences, the distinctive four
methyl groups (dH 1.15, 1.16, and 1.60) and a series of aliphatic
protons allowed us to propose a skeleton of guaiane-type
sesquiterpenoid with a b-D-glucopyranosyl moiety at C-11 [13].
Detailed analyses of the HSQC and HMBC data (Fig. 2) established
the structure of 2 as 11,15-dihydroxy-4-guaien-3-one 11-O-b-D-
glucopyranoside. The ROESY correlations (Fig. 3) of H-1 with H-7/
H2-15 and that of H-7 with H2-15 suggested that H-1, H-7, and H2-
15 were on the same side of the guaiane-ring. To designate the
stereochemistry, the ECD caculation was perfomed using an
MMFF94 force field and the TDDFT method at the B3LYP/6–31 + G
(d,p) level (see Supplementary data, S22). The theoretical data
(Fig. 5) of (1S,7R,10R)- diastereomer was well in agreement with
the experimental data for 2.

Compounds 3 and 4 were deduced to have a similar skeleton of
an ene-diyne-diene chromophore by HPLC-DAD analyses [14,15].
Their molecular formulas were established as C20H26O8 and
C25H34O12 by the HR-ESIMS adduct ions at m/z 439.1625 [M
+COOH]� and 525.1980 [M�H]�, respectively. For compound 3, in
addition to a b-D-glucopyranosyl moiety (dC 102.4, 73.4, 76.9, 70.0,
76.6, and 61.0), the 13C NMR data (Table 2) revealed the presence of
two acetylenic bonds at dC 74.1, 75.5, 81.3, and 81.7, three olefinic
bonds at dC 108.0, 108.5, 127.2, 143.8, 144.7, and 145.7, two primary
carbons at dC 57.6 and 67.4, and two secondary carbons at dC
39.8 and 67.4. The three olefinic bonds were further attributed to
be trans-configured by the 3JH–H values (16.0 Hz, 15.5 Hz, and
ures of compounds 1–4.

olyacetylene glycosides from the rhizomes of Atractylodes lancea, Chin.
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Fig. 2. Key HMBC and 1H–1H COSY correlations of compounds 1, 2, and 4.

Fig. 3. Key ROESY correlations of compounds 1 and 2.

Fig. 4. Experimental and calculated ECD spectra of compound 1. Fig. 5. Experimental and calculated ECD spectra of compound 2.
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Table 2
1H NMR (500 MHz) and 13C NMR (125 MHz) data for compounds 3 and 4 in DMSO-
d6.

No. 3 4

dH dC dH dC

1a 4.36, dd (4.5, 16.0) 67.4 4.34, dd (4.5, 16.0) 67.4
1b 4.18, overlap 4.17, overlap
2 6.44, dt (4.5, 16.0) 144.7 6.42, dt (4.5, 16.0) 144.6
3 6.08, d (16.0) 108.5 6.08, d (16.0) 108.7
4 81.3 81.3
5 74.1 74.1
6 75.5 75.6
7 81.7 81.8
8 5.87, d (15.5) 108.0 5.87, d (15.5) 108.1
9 6.85, dd (11.0, 15.5) 145.7 6.84, dd (11.0, 15.5) 145.8
10 6.32, dd (11.0, 15.5) 127.2 6.32, dd (11.0, 15.5) 127.2
11 6.01, dd (5.5, 15.5) 143.8 6.01, dd (5.5, 15.5) 143.9
12 4.18, overlap 67.4 4.17, overlap 67.4
13 1.55, m 39.8 1.54, m 39.8
14 3.47, m 57.6 3.46, m 57.6

Glc Glc
10 4.14, d (7.5) 102.4 4.15, d (7.5) 102.2
20 2.98, m 73.4 2.98, overlap 73.4
30 3.06, overlap 76.9 3.13, t (8.0) 76.4
40 3.04, overlap 70.0 3.01, overlap 70.2
50 3.12, overlap 76.6 3.26, m 75.6
60a 3.65, dd (5.5, 11.5) 61.0 3.84, brd (11.5) 67.4
60b 3.43, overlap 3.40, overlap

Api
100 4.85, d (3.0) 109.3
200 3.75, brs 75.9
300 78.8
400a 3.85, d (9.5) 73.2
400b 3.58, d (9.5)
500 3.32, overlap 63.0
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.5 Hz). The above 1D NMR spectral features coupled with the
formation obtained from the 1H–1H COSY and HMBC spectra
ggested the attachments of a C(12)H–C(13)H2–C(14)H2 chain at
11 and a glucosyl moiety at C-1. Therefore, the structure of 3 was
ucidated as (2E,8E,10E)-tetradeca-2,8,10-triene-4,6-diyne-
2,14-triol-1-O-b-D-glucopyranoside. Compound 4 was deter-
ined to have an additional apiofuranosyl moeity (dC 109.3, 75.9,
.8, 73.2, and 63.0) on the basis of the 13C NMR data (Table 2). A
shielded carbon resonance at dC 67.4 indicated that the apiosyl
oiety was substituted at Glc-C-60. This assignment was verified

 HMBC analyses (Fig. 2). Thus, the structure of compound 4 was
tablsihed as shown in Fig. 1. The absolute configurations of 3 and
were determined by the ECD caculations using an MMFF94 force
145
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161Fig. 6. Experimental and calculated ECD spectra of compounds 3 and 4.
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field and TDDFT method at the B3LYP/6–31 + G(d,p) level (see
Supplementary data, S22). The calculated spectrum of (12R)-
diastereomer was well in agreement with the experimental
spectra of 3 and 4. Consequently, their absolute configurations
were designated as 12R (Fig. 6).

All compounds were tested for the anti-inflammatory effects on
the LPS-induced NO production in the microglia BV2 cells at a
concentration of 10 mmol L�1. Compound 4 showed weak anti-
inflammatory effect with the inhibitory ratios of 19.60% (curcumin
with 72.50%).

3. Conclusion

Phytochemical investigation of the rhizomes of A. lancea led to
the isolation of two new sesquiterpenoid glycosides (1, 2) and two
new C14-polyacetylene glycosides (3, 4). The configurational
assignments of their aglycones were established by comparing
the experimental and calculated ECD, whereas those of monosac-
charide moieties were determined by GC after the chiral
derivatization. Compound 4 exhibited weak anti-inflammatory
effect. The obtained results were benefit for the subsequent
phytochemical researches of genus Atractylodes.

4. Experimental

4.1. General procedures

Optical rotations were measured on a JASCO P-2000 automatic
polarimeter. UV spectra were obtained on a JASCO V-650 spectro-
photometer. ECD spectra were recorded on a JASCO J-815 spec-
tropolarimeter. IR spectra were achieved on a Nicolet
5700 spectrometer using an FT-IR microscope transmission
method. NMR experiments were conducted on a Bruker spec-
trometer (500 MHz). Chemical shifts were given with the solvent
peaks as the references (d in ppm, J in Hz). HR-ESIMS data were
obtained using an Agilent 1100 series LC/MSD TOF from Agilent
Technologies. GC experiments were conducted on an Agilent
7890A instrument. Column chromatography was performed with
macroporous resin (Diaion HP-20, Mitsubishi Chemical Corp.,
Tokyo, Japan), RP-18 (50 mm, YMC, Kyoto, Japan) and Sephadex LH-
20 (Pharmacia Fine Chemicals, Uppsala, Sweden). A Shimadzu LC-
10AT instrument equipped with an YMC-Pack ODS-A column
(250 � 20 mm, 5 mm, Japan) served as the reversed-phase prepar-
ative HPLC. HPLC analyses were performed on an Agilent
1260 series system with an Apollo C18 column (250 � 4.6 mm, 5
mm, Grace Davison).

4.2. Plant materials

The rhizomes of A. lancea were collected in Huanggang City,
Hubei Province, China, in June 2014 and authenticated by Prof. L.
Ma. A voucher specimen (ID-s-2596) was deposited in the
herbarium at the Department of Medicinal Plants, Institute of
Materia Medica, Chinese Academy of Medical Sciences, Beijing
100050, China.

4.3. Extraction and isolation

The dried rhizomes of A. lancea (100 kg) were extracted thrice
with 80% EtOH (v/v) under reflux condition for 2 h. The crude
extract (25.6 kg) was suspended in 30 L distilled H2O and
separately partitioned with petroleum ether, EtOAc, and n-BuOH
(three times each). The n-BuOH fraction (1.2 kg) was chromato-
graphed on an HP-20 column and eluted with a step gradient of
EtOH–H2O (v/v) to provide five fractions: A (H2O fraction, 824 g), B
(15% EtOH fraction, 88.6 g), C (30% EtOH fraction, 106.4 g), D (50%
olyacetylene glycosides from the rhizomes of Atractylodes lancea, Chin.
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EtOH fraction, 53.3 g), and E (95% EtOH fraction, 19.5 g). Fraction C
was chromatographed on an RP-18 column and eluted at a gradient
of MeOH–H2O (0:100–100:0, v/v) to obtain fractions C1-C10 using
HPLC analyses. Fraction C4 (10.2 g) was chromatographed on an
LH-20 column using H2O to obtain 32 subfractions (Fr. C4.1–Fr.
C4.32). Subtractions Fr. C4.5–Fr. C4.6 were further separated using
the reversed-phase preparative HPLC, with 30% MeOH (v/v) to
yield 2 (4.9 mg). Fraction C5 (12.9 g) was eluted on an LH-
20 column using H2O to yield 38 subfractions (Fr. C5.1–Fr. C5.38).
Fr. C5.35–Fr. C5.38 were purified using the reversed-phase
preparative HPLC with a MeOH:H2O ratio of 35:65 (v/v) to afforded
3 (7.6 mg). Fraction C6 (6.3 g) was chromatographed on an LH-
20 column with H2O to produce 37 subfractions (Fr. C6.1–Fr. C6.37).
Fr. C6.11–Fr. C6.14 were purified using the reversed-phase
preparative HPLC with 35% MeOH (v/v) to produce 1 (5.8 mg),
similarly, Fr. C6.35–Fr. C6.36 yielded 4 (14.8 mg).

4.4. (5R,7R,10S)-14-Hydroxyisopterocarpolone-11-O-b-D-
glucopyranoside (1)

White amorphous powder; ½a�20D + 52.7 (c 0.07, MeOH); UV
(MeOH) lmax (log e) 240 (3.87) nm; ECD (MeOH) lmax (De) 213
(�2.17), 244 (+3.65), 327 (�0.37) nm; IR (KBr) nmax 3359, 2937,
1654, 1078, 1031 cm�1; 1H and 13C NMR data, see Table 1; HRESIMS
m/z 437.2155 [M+Na]+ (calcd for C21H34O8Na, 437.2151).

4.5. (1S,7R,10R)-11,15-Dihydroxy-4-guaien-3-one 11-O-b-D-
glucopyranoside (2)

White amorphous powder; a½ �20D � 32.5 (c 0.07, MeOH); UV
(MeOH) lmax (log e) 248 (4.11) nm; ECD (MeOH) lmax (De) 235
(�0.26), 264 (�0.62), 298 (�0.78) nm; IR (KBr) nmax 3360, 2973,
2923,1680,1079,1044 cm�1; 1H and 13C NMR data, see Table 1; HR-
ESIMS m/z 415.2339 [M+H]+ (calcd. for C21H35O8, 415.2332).

4.6. (2E,8E,10E,12R)-Tetradeca-2,8,10-triene-4,6-diyne-1,12,14-triol-
1-O-b-D-glucopyranoside (3)

Brown amorphous powder; a½ �20D � 149.6 (c 0.05, MeOH:
H2O = 1:1); UV (MeOH) lmax (log e) 207 (4.22), 250 (4.08), 296
(4.06), 315 (4.15), 337 (4.03) nm; ECD (MeOH: H2O = 1:1) lmax (De)
216 (�0.42) nm; IR (KBr) nmax 3367, 2925, 2886, 2198, 2128, 1634,
1078, 1045 cm�1; 1H and 13C NMR data, see Table 2; HRESIMS m/z
439.1625 [M+COOH]� (calcd. for C21H27O10, 439.1604).

4.7. (2E,8E,10E,12R)-Tetradeca-2,8,10-triene-4,6-diyne-1,12,14-triol-
1-O-b-D-apiofuranosyl-(1 !6)-b-D-glucopyranoside (4)

Brown amorphous powder; a½ �20D � 27.6 (c 0.05, MeOH:
H2O = 1:1); UV (MeOH) lmax (log e) 212 (3.94), 252 (3.94), 296
(3.89), 315 (3.98), 337 (3.83) nm; ECD (MeOH: H2O = 1:1) lmax (De)
211 (�1.36), 241 (�0.24) nm; IR (KBr) nmax 3374, 2885, 2198, 1636,
1057 cm�1; 1H and 13C NMR data, see Table 2; HR-ESIMS m/z
525.1980 [M�H]� (calcd. for C25H33O12, 525.1972).

4.8. Sugar analyses

Compounds 4 (3 mg) was hydrolyzed with 1 mol L�1 HCl-
dioxane (v/v = 1:1, 5 mL) at 60 �C for 6 h [16]. The obtained
hydrolysates were extracted with EtOAc three times (3 mL) to
yield EtOAc extracts and monosaccharide residues after evaporat-
ing the solvents. The monosaccharide residues were processed
based on the reported method [17–19]. The absolute
Please cite this article in press as: K. Xu, et al., Sesquiterpenoid and C14-po
Chem. Lett. (2016), http://dx.doi.org/10.1016/j.cclet.2016.10.036
configurations of glucose and apiose were determined by
comparing the retention times of their trimethylsilyl-l-cysteine
derivatives with those of authentic sugars prepared by a similar
procedure: D-glucose at 20.56 min, D-apiose at 14.56 min (see
Supplementary data, S21).

4.9. Anti-inflammatory activity assay

The anti-inflammatory activity assay was tested in the micro-
glial BV2 cell (curcumin as the positive drug). The detailed
processes were based on the reported method [9], which were also
presented in the “supplementary data” (S23).
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