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(Received 2 March 2015; final version received 28 May 2015)

HPLC-guided separation of twigs of Aglaia odorata led to the isolation of eight
lignans, including two new ones, 30-methoxy-N-demethylrocaglamide (1) and 40-O-
demethyl-deacetylaglaxiflorin A (2). Compound 1 showed excellent cytotoxicity
against three human cancer cell lines, HeLa, SGC-7901 gastric cancer, and A-549 lung
cancer with the values of 0.32, 0.12, and 0.25mM, respectively.

Keywords: Meliaceae; Aglaia odorata; 30-methoxy-N-demethylrocaglamide;
40-O-demethyl-deacetylaglaxiflorin A; cytotoxicity

1. Introduction

Aglaia genus of the family Meliaceae,

including approximately 120 species, is

naturally distributed in tropical and sub-

tropical Asia, Australia, and Pacific

islands. Among them, eight species can

be found in China and one of the plants,

A. odorata, is cultivated as an ornamental

plant [1]. The genus has been focused

considerably because of its unique natural

products, rocaglamides and aglains lignans

[2]. Rocaglamides possess pesticidal and

antitumor activity, in contrast, aglains

appear to be devoid of any insecticidal or

anticancer activity [3]. In the last several

years, our phytochemical research on the

cultivated species could not afford those

typical constituents besides aglaxiflorin

D. However, it disclosed a new distri-

bution of the dolabellane diterpenoids

[4,5]. The results are not consistent with

the literature [2], which prompts us to
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explore whether rocaglamides are distrib-

uted in the original plant. Subsequently,

phytochemical analysis on the leaves of

natural A. odorata could not detect the

rocaglamides. After that, HPLC-guided

separation on its twigs and trunks gave

both types of chemicals. This paper will

describe the isolation, structural elucida-

tion, and cytotoxity of the two types of

lignans.

2. Results and discussion

TheMeOH extract of A. odorata twigs was

partitioned between H2O and EtOAc, and

column chromatography (CC) over silica

gel and C18 silica gel was used in the

isolation of the EtOAc fraction to yield

eight compounds with UV absorption

maxima at 270–280 nm.

The IR spectrum of compound 1

showed absorption bands at 3500, 3405,

1726, 1626, and 1603 cm21, correspond-

ing to OH/NH, an amide carbonyl, and

benzene rings, respectively. Its UV

spectrum indicated absorptions at 208

and 278 nm, consistent with the character-

istic of lignans. In addition, the 1H NMR

spectrum of 1 showed four methoxyl

groups, one phenyl group, one trisubsti-

tuted phenyl group, and one oxygenated

benzene group with two meta protons,

indicating typical signals of rocaglamides

or aglains [6]. Its characteristic quaternary

signals of dC 101.5 (s, C-3a) and 93.0 (s,

C-8b) in the 13C NMR spectrum (Table 1)

further suggested it was a rocaglamide

analog rather than aglains [7]. Mole-

cular formula of 1 was determined as

C29H31O8 by HR-ESI-MS at m/z 544.1945

[M þ Na]þ. Comparison of the NMR

spectral data for 1 with those of N-

demethylrocaglamide (5) (Figure 1) and

30-methylrocaglamide [8] indicated the

presence of 30-methoxy and absence of

N-methyl in compound 1. The 30-methoxyl

could be confirmed by the HMBC

correlations of H-50/C-30 and C-10 and of

30-OMe/C-30. The stereo-configuration of

1 was identical to that of 30-hydroxyr-
ocaglamide (6) by comparison of their

optical rotations (–89 for both 1 and 6) and
CD Cotton effect ( 2 10 for 1 and 2 13

for 6 at ab. 212 nm) [9]. So, 1 was named

as 30-methoxy-N-demethylrocaglamide.

Compound 2 was isolated as colorless

needles, and its molecular formula was

determined as C35H40N2O6 by HR-ESI-

MS. The IR spectrum showed absorption

bands at 3426, 3401, 3372 (OH and NH),

1666 (amide carbonyl), and 1633, 1621,

1591 (benzene rings) cm21. Two methoxyl

groups, three aromatic rings, one phenyl

group, one parasubstituted phenyl, and one

aromatic ring with meta positions unsub-

stituted were deduced from the 1H NMR

spectrum (Table 1). Analysis of the 1H and
13C NMR spectra of 2 indicated a similar

skeleton to those of aglains [6]. However,

the down-field carbon signal (dC 76.0, s)

indicated that 2 had a new 2-hydroxy-

2-methylbutyryl group, similar to aglaxi-

florins A–D [10]. Its notable HMBC

correlations of H-3/C-5 and C-100, and H-

200 (600) and H-4/C-3, and H-4/C-100 could
further determine the skeleton of 2 was

identical to aglaxiflorin A rather than

aglaxiflorin C [10]. Further comparison

with NMR of aglaxiflorin A indicated that

2 was similar to aglaxiflorin A with

exception for the absence of an acetyl

and a methoxyl. A hydroxyl instead of

methoxyl was located at C-40 based on

HMBC correlations of two methoxyls

(dH 4.04 and 3.75) with C-6 (dC 157.7)

and C-8 (dC 162.2), respectively, and of H-
20/60 (dH 7.37) with C-40 (dC 155.8). The

relative stereochemical assignments were

from ROESY correlations, e.g., H-3/H-10

and H-4/H-200 (600). Thus, there are still two
skeleton isomers of 1 from orientations of

H-3 and H-4 in consideration of the

literature [10,11]. Chemical shift of C-4

was resonated at ab. dC 57.6 when H-3

and H-4 in aglains adopted b and a-
orientation, respectively. In contrast, res-

onance at ab. dC 63.8 (C-4) was in H-3a, H-
4b-isomer. In addition, small coupling

L. Peng et al.2
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constant (4.7 Hz) of H-3/4 was observed in

the forth isomer, while the large one

(9.3Hz) in the latter. Thus, the configur-

ations of H-3/4 of 2 were determined as

H-3b and H-4a by both its coupling

constant (5.0 Hz) and chemical shift dC
57.7 (C-4), and named as 40-O-demethyl-

deacetylaglaxiflorin A.

The remaining compounds were deter-

mined as rocaglamide (3), rocaglanol (4),

N-demethylrocaglamide (5), 30-hydroxyroca-
glamide (6), 30-hydroxy-N-demethylrocagla-

mide (7), and 30-methoxyrocaglamide (8), by

comparison of their NMR spectroscopic data

with the reported literature reference [6].

Compounds 1 and 2 were evaluated for their

cytotoxicity against three human cancer cell

lines. Only 1 showed cytotoxicity against

HeLa, SGC7901 gastric cancer, and A549

lung cancer cells with IC50 values of 0.32,

Table 1. 1H and 13C NMR spectral data of 1–2 (d in ppm, J in Hz)a.

No. 1b 1c No. 2d 2e

1 4.87 (d, 5.2) 79.1 (d) 2 87.6 (s)
2 3.83 (dd, 14.0, 5.2) 51.5 (d) 3 4.25 (d, 5.0) 55.7 (d)
3 4.21 (d, 14.0) 55.5 (d) 4 3.94 (d, 5.0) 57.7 (d)
3a 101.5 (s) 5 81.1 (s)
4a 160.8 (s) 5a 108.3 (s)
5 6.23 (br.s) 89.1 (d) 6 157.7 (s)
6 163.9 (s) 7 6.31 (s) 93.4 (d)
7 6.10 (br.s) 92.4 (d) 8 162.2 (s)
8 157.2 (s) 9 6.01 (s) 94.8 (d)
8a 107.4 (s) 9a 159.8 (s)
8b 93.0 (s) 10 4.86 (s) 75.2 (d)
10 126.8 s 11 173.0 (s)
20 6.50 (br.s) 111.8 d 13 6.31–6.32 (m) 65.0 (d)
30 147.7 s 14 2.23–2.24 (m)

1.94–1.95 (m)
35.0 (t)

40 148.1 s 15 2.03–2.04 (m)
1.98–2.00 (m)

22.2 (t)

50 6.63 (d, 8.4) 109.5 d 16 3.50–3.53 (m)
3.60–3.62 (m)

47.1 (t)

60 6.87 (d, 8.4) 120.2 d 18 177.4 (s)
100 136.4 s 19 76.0 (s)
200/600 6.94–6.96 (m) 128.4 d 20 1.63–1.66 (m)

1.36–1.41 (m)
34.0 (t)

300/500 7.04–7.05 (m) 128.0 d 21 0.74 (t, 7.0) 8.1 (q)
400 7.05–7.06 (m) 126.9 d 22 0.93 (s) 26.4 (q)
11 171.0 s 10 132.0 (s)
13 26.4 q 20/60 7.37 (d, 8.5) 128.3 (d)
6-OCH3 3.83 (3H, s) 56.7 (q) 30/50 6.77 (d, 8.5) 115.7 (d)
8-OCH3 3.82 (3H, s) 56.7 (q) 40 155.8 (s)
30-OCH3 3.40 (3H, s) 56.7 (q) 100 138.3 (s)
40-OCH3 3.75 (3H, s) 56.7 (q) 200/600 6.51 (d, 7.5) 130.5 (d)

300/500 6.97 (t, 7.5) 128.7 (d)
400 7.03 (t, 7.5) 127.5 (d)

6-OCH3 4.04 (3H, s) 56.6 (q)
8-OCH3 3.75 (3H, s) 56.3 (q)

a 1 in CDCl3 and 2 in DMSO-d6.
b At 400 MHz.
cAt 100MHz.
dAt 500MHz.
eAt 125MHz.
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0.12, and 0.25mM, respectively, compared

to cisplatin with IC50 values of 2.31, 1.54,

and 7.25mM.

3. Experimental

3.1 General experimental procedures

Optical rotations were measured with a

Horiba SEPA-300 polarimeter (Horiba

Scientific, Kyoto, Japan). CD spectra were

performed on the Applied Photophysics

(Agilent Technologies, Santa Clara, CA,

USA). UV spectra were recorded on a

Shimadzu UV-2401A spectrophotometer

(Shimadzu Corp., Kyoto, Japan). IR spec-

troscopy was performed on a Tenor 27

spectrophotometer using KBr pellets

(Bruker Optics GmbH, Ettlingen,

Germany). NMR spectra were run on

Bruker Avance-III 600, DRX-500, and

AM-400MHz spectrometers (Bruker BioS-

pin GmBH, Rheinstetten, Germany) with

TMS as an internal standard. ESI-MS were

performed on a Bruker HTC/Esquire

spectrometer (Bruker, Rheinstetten,

Germany), and HR-ESI-MS were recorded

on an Agilent G6230 TOF mass spec-

trometer (Agilent Technologies, Santa

Clara, CA, USA). CC was performed on

silica gel (200–300 mesh, Qing-dao

Haiyang Chemical Co., Ltd, Qingdao,

China) and C18-silica gel (20–45mm, Fuji

Silysia Chemical Ltd., Kasugai, Japan).

Medium pressure liquid chromatography

was employed using a Buchi pump system

coupled with glass columns (15mm

£ 230mm and 26mm £ 460mm, respect-

ively) (Buchi Labortechnik AG, Flawil,

Swissland). HPLC was performed using a

Waters 1525EF pump (Waters Corp.,

Milford, USA) coupled with a Sunfire

analytical (150mm £ 4.6mm) and (semi-)

preparative C18 column (150mm £ 10mm

and 250mm £ 19mm, respectively). The

HPLC system employed a Waters 2998

photodiode array detector and a Waters

fraction collector III and detection was

performed at 208 and 278 nm.

3.2 Plant material

Aglaia odorata was collected in Longzhou

County, Guangxi province, China, in

November 2011, and identified by Dr

Chun-Xia Zeng, Kunming Institute of

Botany, Chinese Academy of Sciences.

A voucher specimen (No. cai20111104)

has been deposited in the State Key

Laboratory of Phytochemistry and Plant

Resources in West China, Kunming

Institute of Botany, Chinese Academy of

Sciences.
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Figure 1. Lignans (1–8) isolated from A. odorata.
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3.3 Extraction and isolation

Air-dried twigs (5 kg) were crushed and

extracted with MeOH (15 L £ 3) at room

temperature (48 h £ 4). After removal of

MeOH under reduced pressure, the viscous

residue was partitioned with EtOAc (15 L

£ 4) to afford EtOAc and H2O extract. The

EtOAc (58 g) fraction was chromato-

graphed on a silica gel (1.2 kg) column,

using a mixture of CHCl3–MeOH [from

CHCl3 to CHCl3–MeOH (9:1)], to give

nine fractions (I–IX). Fraction II (9.0 g)

was chromatographed over prepacked

Rp-18 silica gel (350 g), eluted by aqueous

methanol (50%, 65%, and 75%) to give

two subfractions II-1 and II-2. Subfraction

II-1 (1.1 g) was separated by preparative

HPLC column with gradient flow from

45% to 58% aqueous MeOH (10ml/min)

for 10 times to afford three fractions (A–C).

Fraction A (37mg) was purified by the

same column with gradient flow from 30%

to 38% aqueous acetonitrile (10ml/min) to

give 6 (25mg, Rt 28min). Fraction B

(21mg) was subjected to the same column

eluted with aqueous acetonitrile (10ml/min)

from 32% to 38% to give 8 (11mg, Rt

36min). Fraction C (19mg) was purified

by the same column with gradient flow

(10ml/min) from 32% to 38% aqueous

acetonitrile to give 1 (5mg, Rt 29min).

Fraction II-2 (0.6 g) was loaded to

preparative C18 HPLC eluting with 57%

to 90% aqueous MeOH (10ml/min) to

afford two fractions (D and E). Fraction D

(43mg) was separated by preparative

column with gradient flow (10ml/min)

from 38% to 50% aqueous acetonitrile to

give 5 (21mg, Rt 26min) and 4 (5mg, Rt

30min). Fraction E (46mg) was purified

by the same column using gradient flow

(10ml/min) from 48% to 60% aqueous

acetonitrile to give 3 (13mg, Rt 29min).

Fraction III (0.6 g) was subjected to

preparative C18 HPLC eluting with 57%

to 90% aqueous MeOH (10ml/min) to

yield 7 (25mg, Rt 32min). Water layer

was partitioned with n-butyl alcohol.

Concentrated n-butyl alcohol layer (80 g)

was loaded on silica gel CC (3.0 kg) eluted

with CHCl3–MeOH (from 9:1 to 2:1) to

give five fractions (X–XIV). Fraction X

(4 g) was subjected to RP-18 silica gel CC

(100 g) eluted with MeOH–H2O (from 4:6

to 6:4) and then purified by semi-

preparative C18 HPLC with 25% to 35%

aquous acetonitrile (8ml/min) to give 2

(12mg, Rt 32min).

3.3.1. 3 0-Methoxy-N-

demethylrocaglamide (1)

A white powder; ½a�20D 2 89 (c ¼ 0.13,

MeOH). CD (MeOH) De208 nm 2 10. UV

(MeOH) lmax (log e): 208 (4.34), 278

(3.56) nm. IR (KBr) vmax: 3500, 3405, 2941,

2842, 1726, 1626, 1603, 1514, 1271,

1148 cm21; for 1H (400MHz) and 13C

(100MHz) NMR spectral data, see Table 1;

positive ESI-MS m/z: 544 [M þ Na]þ; HR-
ESI-MS m/z: 544.1945 [M þ Na]þ (calcd

for C29H31NO8Na, 544.1947).

3.3.2 40-O-Demethyl-deacetylaglaxiflorin
A (2)

A white powder; ½a�20D þ 19 (c ¼ 0.18,

MeOH). UV (MeOH) lmax (log e): 208

(4.32), 278 (3.70) nm. IR (KBr) vmax:

3426, 3401, 3372, 2981, 2960, 1666, 1633,

1621, 1591, 1518, 1439, 1198, 1144 cm21;

for 1H (500MHz) and 13C (125MHz)

NMR spectral data, see Table 1; Positive

ESI-MS m/z: 655 [M þ Na]þ; HR-ESI-

MS m/z: 655.2625 [M þ Na]þ (calcd for

C35H40N2O9Na, 655.2632).

3.4 Cytotoxicity assay

Three human cancer cell lines HeLa, SGC-

7901, and A-549, were used for cytotoxic

assays. Cells were cultured in Dulbecco’s

modified eagle medium (Hyclone, Logan,

UT, USA), supplemented with 10%

fetal bovine serum (Hyclone, Logan, UT,

USA) in 5% CO2 at 378C. Cytotoxicity
assays were performed according to the

Journal of Asian Natural Products Research 5
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3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl

tetrazolium bromide method in 96-well

microplates. In brief, 100ml of adherent

cell types was seeded into each well of

96-well cell culture plates and allowed to

adhere for 12 h before the addition of test

compounds. Suspended cell types were

seeded with an initial density of 1 £ 105

cells/ml just before drug addition. Each

tumor cell line was exposed to a test

compound at concentrations of 0.04, 0.2,

1.0, 5.0, and 25.0mg/ml in triplicate for

48 h, with cisplatin (Sigma-Aldrich, St

Louis, MO, USA) as the positive control.

After treatment, cell viability was

assessed, cell growth graphed, and IC50

values were calculated by Reed and

Muench’s method.
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