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Five new 8-9’ linked neolignans conchigeranals A-E (1-5), together with three known
compounds galanganal (6), galanganols A (7) and B (8), were isolated from the whole plant of
Alpinia conchigera. Their structures were established by spectroscopic analysis, including
2D-NMR spectroscopic techniques. Cytotoxicities of compounds 1-8 were tested against two
cancer cell lines A549 and Hela. Results showed that 4, 5, 7 and 8 exhibited cytotoxicity against
A549 with the IC5q values of 12.36, 9.72, 10.26, 13.05 pg/ml, respectively, and 1-8 against Hela
with the ICsq values from 1.53 to 5.29 pg/ml.

© 2013 Published by Elsevier B.V.

1. Introduction

The genus Alpinia belongs to the family of Zingibereae, and
comprises approximately 250 species throughout the world, 46
of which grow in China [1,2]. Some plants from this genus have
been used as a folk medicine for the treatment of various
diseases in China and phytochemical investigations of this genus
revealed the presence of diarylheptanoids [3-5], sesquiterpenes
[6-8], diterpenes [9,10], and phenolics [11-13]. However,
seldom neoligans were isolated from this genus [12,13]. The
plant of Alpinia conchigera is traditionally used for treating
gastrointestinal disorders, indigestion and snakebite [14]. Previ-
ous studies of this plant have reported the isolation of
diarylheptanoids, flavonoids and phenylpropanoids [15,16].
In our study, five rare 8-9’ linked neoligans conchigeranals A-E
(1-5), together with three known compounds galanganal (6),
galanganols A (7) and B (8) [13], were isolated from the whole
plant of Alpinia conchigera. Moreover, the cytotoxicities of
compounds 1-8 were measured in vitro against three cancer
cell lines, A549, Hela and SMMC-7721 according to the method
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[17,18]. In this paper, we report the isolation, identification and
structure elucidation of these compounds, along with their
cytotoxic results.

2. Experimental
2.1. General

Column chromatography (CC) was performed on silica gel
(100-200 or 200-300 mesh, Qingdao Marine Chemical Ltd. Co.,
China), silica gel H (60 v, Qingdao Marine Chemical Ltd. Co.,
China) and Lichroprep RP-18 gel (40-63 p, Merck, Germany);
Semiprep. reverse-phase (RP) HPLC was subjected to an Agilent
1100 liquid chromatograph with a Zorbax SB-C;g column; MCI
was performed on CHP-20P (75-150 p, Mitsubishi Chemical
Co. Japan); NMR spectra were recorded on a Bruker AVANCE
[1I-600 instrument with chemical shifts given in ppm (6) using
TMS as an internal standard; IR Spectra (KBr pellets) were
obtained on a Bio-Rad FTS-135 spectrometer; UV spectra were
recorded on a Shimadzu 210A double-beam spectrophotometer
with Npax (log €) in cm™!; Optical rotations were recorded on a
Jasco DIP-370 digital polarimeter; EI and HR-EI-MS were
recorded on a Waters Autospec Premier P776.
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Table 1
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'H NMR data of 1-5 at 600 MHz in MeOD; & in ppm, J in Hz.

83

H 1 2 3 4 5

2 6.90 (s) 7.16 (d, 8.4) 7.13 (d, 8.4) 7.12 (d, 8.3) 7.10 (d, 8.5)

3 6.81 (d, 8.4) 6.80 (d, 8.4) 6.77 (d, 8.3) 6.73 (d, 8.5)

5 6.81 (d, 8.0) 6.81 (d, 8.4) 6.80 (d, 8.4) 6.77 (d, 8.3) 6.73 (d, 8.5)

6 6.78 (d, 8.0) 7.16 (d, 8.4) 7.13 (d, 8.4) 7.12 (d, 8.3) 7.10 (d, 8.5)

7 4.20 (d, 10.0) 4.19 (d, 10.0) 407 (d, 7.2) 417 (d, 6.8) 410 (d, 7.8)

8 2.83 (m) 2.81 (m) 2.12 (m) 1.86 (m) 1.88 (m)

9 426 (dd, 6.0, 10.8), 3.48 (dd, 5.8, 11.5), 3.75 (dd, 4.9, 10.8),
4.19 (dd, 3.6, 10.8) 3.30 (m) 3.61(dd, 4.7, 10.8)

2 7.08 (d, 8.5) 7.08 (d, 8.5) 7.13 (d, 8.4) 7.16 (d, 8.4) 7.10 (d, 8.5)

3 6.66 (d, 8.5) 6.66 (d, 8.5) 6.68 (d, 8.4) 6.68 (d, 8.4) 6.65 (d, 8.5)

5/ 6.66 (d, 8.5) 6.66 (d, 8.5) 6.68 (d, 8.4) 6.68 (d, 8.4) 6.65 (d, 8.5)

6’ 7.08 (d, 8.5) 7.08 (d, 8.5) 7.13 (d, 8.4) 7.16 (d, 8.4) 7.10 (d, 8.5)

7' 6.14 (d, 15.7) 6.13 (d, 15.7) 6.16 (d, 15.6) 6.29 (d, 15.8) 6.15 (d, 15.7)

8/ 5.76 (m) 5.75 (m) 587 (m) 6.01 (m) 5.86 (m)

o 2.17 (m), 1.96 (m) 2.18 (m), 1.94 (m) 2.10 (m), 2.01 (m) 2.41 (m), 2.30 (m) 2.01 (m)

3-0CH; 3.86 (s)

7-0CH; 3.10 (s) 3.07 (s) 3.14 (s) 3.19 (s) 3.09 (s)

9-0CH; 3.67 (s) 3.67 (s)

9-0COCH5 2.03 (s)

2.2. Plant materials

The whole plant of Alpinia conchigera was collected from
Mengla county of Xishuangbanna, Yunnan province, People's
Republic of China in October, 2010, and identified by Doc. Tao Su
of Xishuangbanna Tropical Botanical Garden, Chinese Academy
of Sciences, where a voucher number (HITBC048450) was
deposited.

2.3. Extraction and isolation

The air-dried powdered whole plant (12 kg) was
extracted with methanol under reflux for 8 h (3 x 30 L).
The resulting residue was partitioned between AcOEt and
H,0, and then n-BuOH and H,0. Column chromatography
with the AcOEt extract (180 g) was performed on silica
gel, eluting with petroleum ether/Me,CO (9:1 to 1:1, V/V)
to yield nine fractions (Fr.) 1-9. Fr. 4 (12 g) was subjected
to CC (RP-18, MeOH/H,0 15:85-1:0, V/V) to afford 4
subfractions (Fr.) 4.1-4.4. Fr. 4.1 was subjected to CC
(silica gel, CHCl3/AcOEt 8:2, V/V) and further purified by
CC (MCI) and HPLC (MeOH/H,O 4:6, V/V) to yield 1
(5mg), 2 (3mg), 3 (5mg) and 6 (10 mg). Fr. 4.3 was
subjected to CC (silica gel, CHCl3/AcOEt 8:2, V/V and
petroleum ether/Me,CO 75:25, V/V) and further purified
by HPLC (MeOH/H,0 4:6, V/V) to yield 4 (3 mg), 5 (6 mg).
Fr. 4.4 was subjected to CC (silica gel, petroleum ether/
Me,CO 8:2 and petroleum ether/AcOEt 6:4, V/V) and
further purified by HPLC (CH3CN/H,0 4:6, V/V) to yield 7
(6 mg), 8 (4 mg).

Conchigeranal A (1): colorless oil. [o]5*® —5.53° (c = 0.26,
MeOH). UV (MeOH): 263 (3.95), 203 (4.29). IR (KBr): 3431,
2924, 1632, 1514. 'H- and !'3C-NMR: see Tables 1 and 2.
HR-EI-MS m/z: 372.1570 ([M] ™", C21H,40¢; calcd. 372.1573).

Conchigeranal B (2): colorless oil. [a]%¥7 —1.60° (c = 0.58,
MeOH). UV (MeOH): 262 (4.15), 204 (4.39). IR (KBr): 3424,
2925, 1713, 1613, 1442, 1216. 'H and '3C NMR spectral data see
Tables 1 and 2. HR-EI-MS my/z: 342.1462 ([M] ™", CyH,0s; calcd.
342.1467).

Conchigeranal C (3): colorless oil. [a]37 —9.67° (c = 0.17,
MeOH). UV (MeOH): 263 (4.13), 203 (3.76). IR (KBr): 3431,
2924,1635,581. "Hand '3C NMR spectral data see Tables 1and 2.
HR-E-MS m/z: 356.1619 ([M]*, C21H»40s; calcd. 356.1624).

Conchigeranal D (4): colorless oil. [o]! —6.07° (¢ = 0.30,
MeOH). UV (MeOH): 262 (4.11), 204 (436). IR (KBr): 3430,
2924, 1633, 1514, 1229. 'H and 3C NMR spectral data see
Tables 1 and 2. HR-EI-MS m/z: 314.1520 ([M] ™, C10H2,04; calcd.
314.1518).

Conchigeranal E (5), colorless oil. [a]5>! —0.61° (c = 0.11,
MeOH). UV (MeOH): 262 (4.11), 203 (4.30). IR (KBr): 3431,
2925, 1629, 1514, 1234. 'H and 3C NMR spectral data see
Tables 1 and 2. HR-EI-MS m/z: 314.1522 ([M] ™, C;0H5,04; calcd.
314.1518).

Table 2
13C NMR data of 1-5 at 150 MHz in MeOD; & in ppm.

C 1 2 3 4 5

1 1314 (s) 1303 (s) 131.9(s) 1324(s) 1321 (s)
2 1119 (d) 130.1(d) 130.0(d) 1295(d) 1299 (d)
3 1494 (s) 1164 (d) 1163 (d) 116.0(d) 116.1 (d)
4 1480 (s) 1589 (s) 1585(s) 158.0(s) 1582 (s)
5 1161 (d) 1164 (d) 1163 (d) 116.0(d) 116.1 (d)
6 122.1(d) 130.1(d) 130.0(d) 1295(d) 1299 (d)
7 863 (d) 860(d) 847(d) 844(d) 855 (d)
8 550 (d) 550(d) 46.1(d) 492 (d) 4838 (d)
9 1765 (t) 1766 (t)  650(t) 620(t) 622 (t)
1 1305 (s) 1305 (s) 130.8(s) 1309(s) 1308 (s)
2 1283 (d) 1283 (d) 1283 (d) 128.1(d) 128.1(d)
3 1163 (d) 1162 (d) 1163 (d) 1162 (d) 1162 (d)
& 1579 (s) 157.9(s) 157.9(s) 157.6(s) 157.6(s)
5/ 1163 (d) 1162 (d) 1163 (d) 1162(d) 1162 (d)
6 1283 (d) 1283 (d) 1283 (d) 128.1(d) 128.1(d)
7 133.0 (d) 1329(d) 133.0(d) 1325(d) 1325 (d)
8/ 1240 (d) 1238(d) 1256(d) 1266(d) 1262 (d)
o 339(t)  340(t) 328(t) 309(t) 321(0
3-0CH; 565 (q)

7-OCH5 567 (q) 566(q) 57.0(q) 57.0(q) 56.7(q)
9-0CH; 521(q) 52.1(q)

9-0COCH3 1733 (s)

9-0COCH3 21.0 (q)
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'H-'H cOSY —
H-C HMBC

Fig. 2. "H-"H COSY and key HMBC correlations for compounds 1-5.



J-J. Xu et al. / Fitoterapia 91 (2013) 82-86 85

2.4. Cytotoxicity assay in vitro (SRB method)

Cytotoxicities of compounds 1-8 against two cancer cell
lines, A549 (human non-small cell lung carcinoma) and Hela
(human cervical carcinoma) were measured by the SRB
method. Briefly, cells were plated in 96-well culture plates.
After 24 h the cells were treated with serial dilutions of
compounds 1-8 with the maximum concentration of 50 pg/ml.
Each compound was initially dissolved in DMSO and further
diluted in medium to produce different concentrations. After
48 h cells were fixed by the addition of 25 pl of ice-cold 50% TCA
(trichloroacetic acid) and incubated at 4 °C for 1 h. After being
washed with distilled water and air-dried, the plate was stained
for 15 min with 100 pl of 0.4% SRB (sulforhodamine B, Sigma) in
1% glacial acetic acid. The plates were washed with 1% acetic acid
and air-dried overnight. For reading the plate, the bound dye
(SRB) was solubilized with 100 pl of 10 mM Tris base solution.
And the absorbance was measured at 560 nm on a Molecular
Devices SpectraMax 340 Microplate spectrophotometer (MWG-
Biotech, Inc., Sunnyvale, USA). Cell survival was measured as the
percentage absorbance compared to the untreated control. Taxol
was used as a positive control.

3. Results and discussion

Compound 1 was obtained as a colorless oil, and HR-EI-MS
data gave a molecular ion peak at m/z 372.1570 (calcd for
372.1573), corresponding to a molecular formula of C;;H340s.
The 'H NMR spectrum showed a para-substituted aromatic
ring at 6y 7.08 (d, ] =8.5Hz) and 6.66 (d, ] = 85Hz), a
1,34,-trisubstituted phenyl group at &y 6.90 (s), 6.81 (d, ] =
8.0 Hz) and 6.78 (d, ] = 8.0 Hz), three methoxyl singlets at &y
3.86 (s), 3.10 (s) and 3.67 (s), a methylene, four methines
including an oxymethine proton at &y 4.20 (d, ] = 10.0 Hz), and
a trans-olefin pair at 6y 6.14 (d,J] = 15.7 Hz) and 5.76 (m). The
13C-NMR data additionally revealed the presence of six quater-
nary carbons including an ester carbonyl group at 6c 176.5 (s)
and five aromatic carbons.

From the 'H-"H COSY spectrum, the protons resonating at &
420 (1H, d, ] = 10.0 Hz, H-7), 2.83 (1H, m, H-8), 2.17 (1H, m,
H-9’a), 1.96 (1H, m, H-9'b), 5.76 (1H, m, H-8'), (1H, d, ] =
15.7 Hz, H-7"), were assigned to a moiety CH(7)/CH(8)/CH(9")/
CH(8')/CH(7") (Fig. 2). The location of three methoxyl groups on
C-3, C-7 and C-9’ was confirmed via HMBC correlations between
the methoxyl protons at &y 3.86 (s), 3.10 (s), 3.67 (s) with
carbons at &¢c 1494 (s, C-3), 86.3 (d, C-7) and 176.5 (s, C-9),
respectively (Fig. 2). Thus, the planar structure of compound 1
was determined as a neoligan as shown in Fig. 1. In addition, the
larger coupling constant of 10.0 Hz between H-7 and H-8,
compared with that of a known analogues galanganol B (8),
suggested that the relative configuration of 7-8 positions was a
7,8-threo-form [13].

The molecular formula CyH;,05 of compound 2 was
determined on the basis of HR-EI-MS data at m/z 342.1462
(Calcd for 342.1467). The '"H NMR and '*C-NMR spectrum of
2 were similar to that of compound 1, except that H-3 [6
6.81 (1H, d, ] = 8.4 Hz)] of 2 replaced the 3-methoxy group
|61 3.86 (1H, s)] of 1. This was supported by HMBC correlations
between H-3 with C-1 (6¢ 130.3) and C-4 (6¢ 158.9). The relative
stereostructure between H-7 and H-8 was also elucidated to be
a 7,8-threo-form by the larger coupling constant J;g = 10.0 Hz

[13]. Therefore, the structure of compound 2 was elucidated as
shown in Fig. 1. The full assignment of 2 was confirmed by
HSQC, 'H-"H COSY and HMBC.

The 'H NMR spectrum of 3 showed the resonances of two
sets of aromatic proton signals assignable to two para-
substituted aromatic rings, four methines including an
oxygenated one and two olefenic ones attributing to an
(E)-double bond, two methenes, a methoxy group, and an
acetoxy group, which was similar to those of compound 2. In
the COSY spectrum, a spin system corresponding to CH(7),
CH,(9)/CH(8)/CH,(9")/CH(8")/CH(7") was observed (Fig. 2).
The acetoxy group was positioned on C-9 by HMBC cor-
relations between the methyl proton at 6 y 2.03 (s) and H-9
with a carbonyl signal at 6 ¢ 173.3 (Fig. 2). However, the
stereostructure of 3 can't be determined.

A detailed comparison of the 'H and '>C NMR data of
compounds 4 and 5 with those of compound 3 suggested that
both of them were neolignans with same planar structure and
their structures were closely related to compound 3, except that
the 9-hydroxy of 4 and 5 replaced the 9-acetoxy group of 3. This
was further confirmed by 'H-'H COSY, HMBC experiments
(Fig. 2). These two neolignans with two chiral carbons suggested
that the stereostructures of the 7-8 positions in them were a
7,8-threo-form or a 7,8-erythro-form [13]. However, the relative
stereostructures of them can't be determined.

Cytotoxicities of compounds 1-8 were tested against three
cancer cell lines A549 and Hela (Table 3). As a result, compounds
1-8 showed significant cytotoxicity against the tested cell lines
with values of ICsq values from 1.53 to 5.29 pg/ml. Compunds 4,
5, 7 and 8 exhibited cytotoxicity against A549 with the ICsqg
values of 12.36, 9.72, 10.26, 13.05 pg/ml, respectively.
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Table 3
Cytotoxicity of compounds 1-8 against two human tumor cell lines (ICsg,
pg/ml).

Compounds Cell lines

A549 Hela
1 ND? 3.33
2 ND 1.53
3 ND 333
4 12.36 1.89
5 9.72 5.29
6 ND 3.19
7 10.26 2.59
8 13.05 3.73
Taxol” 0.02 0.01

¢ ND: no detected (>25 pg/ml).
b Ppositive control.
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