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Abstract

The reversed-phase preparative HPLC analysis of the methanol (MeOH) extract of the seeds of Centaurea americana afforded a dib-
enzylbutyrolactone lignan, 300-O-caffeoyl arctiin (named americanin), together with five known lignans, arctiin, arctigenin, matairesinol,
matairesinoside and lappaol A, and two known phytoecdysteroids, 20-hydroxyecdysone and makisterone A. While the structures of the
known compounds were determined by direct comparison of the spectral data with published data, the structure of americanin was elu-
cidated by UV, MS and a combination of 1D and 2D NMR spectral analyses. The antioxidant properties and toxicity of the extracts and
the isolated compounds were determined by the DPPH and the brine shrimp lethality assays, respectively.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Centaurea americana Nutt. (Family: Asteraceae alt.

Compositae), commonly known as ‘‘Jolly Joker’’ or ‘‘Bas-
ket flower’’, is an annual, indigenous to Northern Ameri-
cana-Coahuila and Nuevo Leon in Mexico and Arizona,
Arkansas, Kansas, Louisiana, Missouri, New Mexico,
Oklahoma and Texas in the USA, and also cultivated in
several other countries (USDA-ARS-GRIN Database,
2006). A sesquiterpene lactone, cynaropicrin (Rojatkar
et al., 1997; Ohno et al., 1973), and two lignans, arctiin
and matairesinoside (Cooper et al., 2002), have previously
0031-9422/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
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been isolated from this plant. The presence of phytoecdys-
teroids in the seeds of C. americana was also reported on
the basis of the BII bioassay and the ecdysteroid-specific
RIA results (Sarker et al., 1997a,b). As a part of our on-
going studies on the genus Centaurea (Kumarasamy et al.,
2003a,b, 2002a,b; Sarker et al., 2001, 2005; Shoeb et al.,
2004, 2005), we now report on the assessment of the extracts
of the seeds of C. americana for antioxidant activity and
general toxicity using, respectively, the DPPH and the brine
shrimp lethality assays, and on the isolation, identification
and bioactivity of eight secondary metabolites including a
new dibenzylbutyrolactone lignan, americanin (1), five
other known lignans, arctiin (2), matairesinoside (3),
matairesinol (4), arctigenin (5) and lappaol A (6), and two
known phytoecdysteroids, 20-hydroxyecdysone (7) and

mailto:s.sarker@ulster.ac.uk


M. Shoeb et al. / Phytochemistry 67 (2006) 2370–2375 2371
makisterone A (8), from the methanol extract of the seeds
of C. americana.
2. Results and discussion

The reversed-phase preparative HPLC analysis of the
methanol (MeOH) extract of the seeds of C. americana,
in addition to previously reported lignan glucosides, arc-
tiin (2) and matairesinoside (3) (Cooper et al., 2002),
afforded a new dibenzylbutyrolactone lignan, 300-O-caf-
feoyl arctiin (named americanin, 1), three other known
lignans, arctigenin (5), matairesinol (4), and lappaol A
(6), and two known phytoecdysteroids, 20-hydroxyecdy-
sone (7) and makisterone A (8). While the structures of
the known compounds (2–8) were determined by direct
comparison of their spectral data with published data
(Shoeb et al., 2004; Rahman et al., 1990; Nishibe et al.,
1984; Sarker et al., 1997a; Lafont and Wilson, 1996),
the structure of the new lignan, americanin (1), was eluci-
dated by UV, MS and a combination of 1D and 2D
NMR spectral analyses.
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An ESIMS spectrum of compound 1 displayed the
pseudomolecular ion peak at m/z 719 [M+Na]+, suggesting
Mr = 696 and the molecular formula C36H40O14. The
HRCIMS spectrum showed the pseudomolecular ion peak
m/z 714.276133 [M+NH4]+, calculated 714.276153 for
C36H44NO14. In the 1H and 13C NMR spectra of 1 (Table
1), in addition to the signals attributable to an arctiin (2)
skeleton (Shoeb et al., 2004), displayed signals associated
with a caffeoyl moiety [dH 7.03 (d, J = 2.0 Hz), 6.93 (dd,
J = 8.0, 2.0 Hz) and 6.74 (d, J = 8.0 Hz), 7.57 (d,
J = 16.0 Hz) and 6.32 (d, J = 16.0 Hz); dC 167.8, 149.3,
148.3, 145.6, 126.7, 121.8, 115.3, 114.2 and 114.0]. The
attachment of this caffeoyl moiety at C-300 of the glucose
unit of arctiin (2) was confirmed from a 3J 1H–13C long-
range correlation from dH 5.12 (H-300) to the carbonyl car-
bon of the caffeoyl moiety [dC 167.8 (C-9000)] observed in the
HMBC spectrum of 1 (Table 1). While a 1H–1H COSY
spectrum revealed all scalar 1H–1H couplings, an HSQC
spectrum confirmed the assignment of all methine, methy-
lene and methyl signals. A 1H–1H NOESY helped the con-
firmation of the relative stereochemistry at the chiral
centres in the molecule. Thus, the identity of compound 1

was confirmed as 300-O-caffeoyl-arctiin (named americanin).
To the best of our knowledge this is a new natural product.

Except arctiin (2) and matairesinoside (3), all other com-
pounds isolated in this study are reported from C. ameri-

cana for the first time. While 20-hydroxyecdysone (7), an
insect-moulting hormone, has previously been reported
from a few other species of the genus Centaurea, this is
the first report on the occurrence of makisterone A (8)
within this genus. However, phytoecdysteroids 7, 8 and
their analogues have been isolated from a number of other
genera within the family Asteraceae (Sarker et al., 1997a).
The distribution of lignans 1–6 within the genus Centaurea

is summarised in Table 2.
In the DPPH assay (Takao et al., 1994), the n-hexane

and the DCM extracts exhibited low levels of free radical
scavenging (antioxidant) activities, but the MeOH extract
showed significant levels of activity (RC50 = 5.2 ·
10�2 mg/mL) (Table 3). This indicated that the antioxidant
principles present in the seeds of C. americana were polar in



Table 1
1H NMR (400 MHz, coupling constant J in Hz in parentheses), 13C NMR
(100 MHz) data and long-range HMBC correlations for 1

Carbon
number

Chemical shift d in ppm HMBC correlations (1H! 13C)

1H 13C 2J 3J

1 – 131.5 – –
2 6.57 d (2.0) 112.4 C-1, C-3 C-4, C-6, C-7
3 – 149.6 – –
4 – 148.0 – –
5 6.79 d (8.8) 111.9 C-4, C-6 C-1, C-3
6 6.56 dd (2.0, 8.8) 121.0 C-1, C-5 C-2, C-7
7 2.81 dd (14.1, 6.1) 34.2 C-1, C-8 C-2, C-6,

C-9, C-802.87 dd (14.1, 6.8)
8 2.65 m 46.4 C-7, C-9, C-80 C-1, C-70, C-90

9 – 180.2 – –
10 – 133.5 – –
20 6.88 d (2.0) 109.2 C-10, C-30 C-40, C-60, C-70

30 – 149.3 – –
40 – 145.8 – –
50 7.04 d (8.4) 116.8 C-40, C-60 C-10, C-30

60 6.71 dd (2.0, 8.4) 121.7 C-10, C-50 C-20, C-70

70 2.50 m 37.7 C-10, C-80 C-20, C-60,
C-90, C-8

80 2.41 m 41.3 C-70, C-90, C-8 C-10, C-7, C-9
90 4.16 dd (7.6, 9.2) 71.7 C-80 C-8, C-9, C-70

3.91 dd (7.6, 9.2)
100 4.96 d (7.2) 101.1 C-200 C-300, C-500

200 3.65a 68.4 C-100, C-300 –
300 5.12 bd 77.4 C-400 C-100, C-500, C-9000

400 3.62a 72.1 C-300 C-200, C-600

500 3.48a 76.8 C-600 C-100, C-300

600 3.84a 61.0 C-500 C-400

3.71a

1000 – 126.7 – –
2000 7.03 d (2.0) 114.2 C-1000, C-3000 C-4000, C-6000, C-7000

3000 – 149.3 – –
4000 – 148.3 – –
5000 6.74 d (8.0) 115.3 C-4000, C-6000 C-1000, C-3000

6000 6.93 dd (2.0, 8.0) 121.8 C-1000, C-5000 C-2000, C-7000

7000 7.57 d (16.0) 145.6 C-1000, C-8000 C-2000, C-6000, C-9000

8000 6.32 d (16.0) 114.0 C-7000, C-9000 C-1000

9000 – 167.8 – –
3-OMe 3.72 s 55.4 – C-3
30-OMe 3.71 s 55.5 – C-30

40-OMe 3.70 s 55.6 – C-40

a Overlapped peaks, identified from 1H–1H COSY and 1H–13C HSQC;
spectra in CD3OD.
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nature. Except for the phytoecdysteroids 7 and 8, which did
not show any activity at test concentrations, all test com-
pounds (1–6), isolated from the MeOH extract, displayed
significant levels of free radical scavenging activity, and
the RC50 values of 2–6 were identical to those published
in the literature (Shoeb et al., 2004, 2005) (Table 3). The
new compound 1, which is a caffeoyl derivative of arctiin
(2), had a RC50 value of 3.2 · 10�3 mg/mL, significantly
higher than that of arctiin (RC50 = 16.0 · 10�2 mg/mL).
This higher level of activity in 1 could be attributed to
two extra phenolic hydroxyl groups present in its caffeoyl
moiety. The antioxidant activity of 1–6, like any other nat-
ural phenolic antioxidants, is a consequence of the presence
of the phenolic moieties in the structures. The antioxidant
activity of phenolic natural products is predominantly due
to their redox properties, i.e. the ability to act as reducing
agents, hydrogen donors and singlet oxygen quenchers,
and to some extent, could also be due to their metal chela-
tion potential.

The brine shrimp lethality assay, which has been proven
to be an effective and rapid assay method to screen com-
pounds for potential general toxicity and cytotoxic activity
(Meyer et al., 1982), was used to determine the general tox-
icity of the extracts as well as the compounds 1–8. How-
ever, owing to high degree of lipophilicity, n-hexane
extract could not be tested in this assay. While none of
the extracts demonstrated any significant toxicity towards
the brine shrimp (LD50 = >800 mg/mL), the isolated lign-
ans (1–6) showed considerable toxicity. It has previously
been observed that it is not at all surprising to have active
compounds from inactive extracts or fractions as the
amounts of active compounds present in the amounts of
extracts or fractions tested can be too small to show any
activity (Kumarasamy et al., 2003a; Kumarasamy et al.,
2006). The LD50 values of lignans 2–6 were identical to
those published previously (Shoeb et al., 2004, 2005) (Table
3). Arctigenin (5) exhibited the highest degree of toxicity
with a LD50 value of 2 lg/mL, which is surprisingly lower
than that of the positive control, podophyllotoxin, a
known cytotoxic lignan. The glucosidation of 5, yielding
arctiin (2), considerably reduced the toxicity (�50 times).
It is interesting to note that the addition of the caffeoyl
moiety on to the arctiin (2) skeleton forming 1, slightly
increased the levels of toxicity (RC50 = 76.0 and 98.0 lg/
mL for 1 and 2, respectively). None of the phytoecdyster-
oids (7 and 8) was particularly toxic in this assay (Table 3).
3. Experimental

3.1. General experimental procedures

UV spectra were obtained using a Hewlett-Packard 8453
UV–Vis spectrometer. NMR spectra were recorded in
CD3OD on a Varian Unity INOVA 400 MHz NMR Spec-
trometer 400 (400 MHz for 1H and 100 MHz for 13C) using
the residual solvent peaks as internal standard. MS exper-
iments on a Quattro II triple quadrupole instrument.
HPLC separation was performed in a Dionex prep-HPLC
System coupled with Gynkotek GINA50 autosampler and
Dionex UVD340S Photo-Diode-Array detector. A Luna
C18 preparative HPLC column (10 m · 250 mm ·
21.2 mm) was used. Sep-Pak DSC-18 Supelco 10 g car-
tridge was used for pre-HPLC fractionation. HMBC spec-
tra were optimized for a long-range JH–C of 9 Hz and
NOESY experiment was carried out with a mixing time
of 0.8 s.

3.2. Plant material

The seeds of C. americana Nutt. were purchased from
the B&T, World Seeds Sarl, Paguignan, 34210 Olonzac,



Table 2
Distribution of compounds 1–8 within the genus Centaurea

Species Compounds References

1 2 3 4 5 6 7 8

C. affinis � � � + + � � � Janackovic et al. (2004)
C. alexandria � + � � � � � � Erdemgil et al. (2006)
C. americana + + + + + + + + Cooper et al. (2002), present work
C. aspera � � � + � � � � Marco et al. (2005)
C. calcitrapa � � � + + � � � Dawidar et al. (1989)
C. cuneifolia � � � � + � � � Aslan and Oksuz (1999)
C. dealbata � + + � + � + � Shoeb (2005), Sarker et al. (1997b)
C. isaurica � + � � � � � � Flamini et al. (2004)
C. macrocephala � + + + + + � � Shoeb et al. (2004), Ribeiro et al. (2002)
C. melitensis � + � � � � � � Erdemgil et al. (2006)
C. Montana � � � � + � � � Christensen and Lam (1991b)
C. moschata � � � � � � + � Sarker et al. (1997b)
C. nicaensis � � � � � + � � Bruno et al. (1996)
C. napifolia � � � � � + � � Bruno et al. (1995)
C. nervosa � � � � + � � � Christensen and Lam (1991a)
C. nicolai � � � + � � � � Vajs et al. (1999)
C. nigra � + + + � � � � Middleton et al. (2003)
C. persica � � � + � � � � Sanz et al. (1990)
C. Phrygia � � � � + � � � Christensen and Lam (1991a)
C. ptosimopappa � � � + + � � � Celik et al. (2006)
C. raphanina � � � + � � � � Panagouleas et al. (2003)
C. rothrockii � � � � � � + � Sarker et al. (1997b)
C. rupestris � � � � � � + � Sarker et al. (1997b)
C. scabiosa � � + + � � � � Ferguson et al. (2002)
C. sclerolepis � + + � � � � � Erdemgil et al. (2006)
C. scoparia � � � + + � � � Youssef and Frahm (1995)
C. solstitialis � � � + + � � � Bruno et al. (1991)
C. sphaerocephala � + � + � + � � Bastos et al. (1990)
C. schischkinii � + + + + � � � Shoeb et al. (2005)
C. tweediei � � � + + � � � Fortuna et al. (2001)

Table 3
Antioxidant activity and brine shrimp toxicity of the extracts of C.

americana and isolated compounds (1–8)

Compounds/extracts DPPH assay
(RC50 in mg/mL)

Brine shrimp lethality
assay (LD50 in lg/mL)

n-Hexane extract 6.9 · 10�1 ND
DCM extracts 2.8 · 10�1 1100.0
MeOH extracts 5.2 · 10�2 893.0
1 3.2 · 10�3 76.0
2 16.0 · 10�2 98.0
3 2.2 · 10�3 16.0
4 2.0 · 10�3 5.5
5 1.9 · 10�2 2.0
6 3.6 · 10�2 9.2
7 – 640
8 – 460
Podophyllotoxin NA 2.79
Quercetin (in MeOH) 2.88 · 10�5 NA
Trolox (in DCM) 2.58 · 10�3 NA

– = no activity detected at test concentrations.
NA = not applicable.
ND = not done.
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France. A voucher specimen (PHSH0004) representing this
sample has been retained in the herbarium of the Plant and
Soil Science Department, University of Aberdeen, Scotland
(ABD).
3.3. Extraction

The dried and ground seeds of C. americana (100 g)
were Soxhlet-extracted, successively, with n-hexane,
dichloromethane (DCM) and methanol (MeOH) (1.1 L
each). All these extracts were separately concentrated using
a rotary evaporator at a maximum temperature of
45 �C.
3.4. Isolation of compounds

The MeOH extract (2.0 g) was fractionated by solid
phase extraction method using a Sep-Pak C18 (10 g) car-
tridge eluting with a step gradient: 40, 60, 80 and 100%
MeOH in water (200 mL each). Reversed-phase prepara-
tive HPLC purification (eluted with a linear gradient-
water:MeOH = 40:60 to 20:80 over 50 min followed by
80% MeOH for 10 min, 20 mL/min) of the Sep-Pak frac-
tion, which was eluted with 60% MeOH, afforded mataire-
sinoside (3, 8.8 mg, tR = 16.5 min), 20-hydroxyecdysone
(7, 13.9 mg, tR = 21.0 min), arctiin (2, 203.4 mg, tR =
25.0 min), makisterone A (8, 8.2 mg, tR = 27.1 min),
matairesinol (4, 8.0 mg, tR = 29.0 min), arctigenin (5,
15.5 mg, tR = 31.8 min), americanin (1, 12.1 mg, tR =
33.0 min) and lappaol A (6, 9.2 mg, tR = 34.2 min).
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3.4.1. Americanin (1)

Gum. ½a�23
D �34.5� (c 0.001, MeOH); UV: kmax (MeOH)

nm: 310, 282, 225; ESIMS (positive ion mode) m/z 719
[M+Na]+; HRCIMS m/z 714.276133, C36H44NO14

requires m/z 714.276153; 1H and 13C NMR (Table 1).

3.4.2. Arctiin (2)

Gum. ½a�23
D �55.3� (c 0.0033, MeOH); UV: kmax (MeOH)

nm: 279, 225; CIMS m/z 552 [M+NH4]+; 1H and 13C
NMR (Shoeb et al., 2004).

3.4.3. Matairesinoside (3)

Gum. ½a�23
D �48.8� (c 0.002, MeOH); UV kmax (MeOH)

nm: 279, 222; ESIMS m/z 543 [M+Na]+; 1H and 13C
NMR (Shoeb et al., 2004).

3.4.4. Matairesinol (4)

Gum., ½a�23
D �47.2� (c 0.0022, MeOH); UV kmax (MeOH)

nm: 282, 228; ESIMS m/z 381 [M+Na]+; 1H and 13C NMR
(Shoeb et al., 2004).

3.4.5. Arctigenin (5)
Gum. ½a�23

D �42.6� (c 0.0015, MeOH); UV kmax (MeOH)
nm: 281, 220; ESIMS m/z 395 [M+Na]+; 1H and 13C NMR
(Rahman et al., 1990; Nishibe et al., 1984).

3.4.6. Lappaol A (6)

Amorphous solid. ½a�23
D �17.6� (c 0.0021, MeOH); UV

kmax (MeOH) nm: 282, 225; ESIMS m/z 559 [M+Na]+;
1H and 13C NMR (Shoeb et al., 2004).

3.4.7. 20-Hydroxyecdysone (7)

Amorphous solid. UV: kmax (MeOH) nm: 242; ESIMS
(positive ion mode) m/z 481 [M+H]+; 1H and 13C NMR
(Sarker et al., 1997a; Lafont and Wilson, 1996).

3.4.8. Makisterone A (8)

Amorphous solid. UV: kmax (MeOH) nm: 242; ESIMS
(positive ion mode) m/z 495 [M+H]+; 1H and 13C NMR
(Lafont and Wilson, 1996).

3.5. Brine shrimp lethality assay

Brine shrimp eggs were purchased from Water Life, Mid-
dlesex, UK. The bioassay was conducted following the pro-
cedure published previously (Meyer et al., 1982). The LD50

values were determined from the 24 h counts using the Pro-
bit analysis method (Finney, 1971). The percentage mortal-
ities were adjusted relative to the natural mortality rate of
the control, following Abbots formula P = (Pi � C)/
(1 � C), where P denotes the observed nonzero mortality
rate and C represents the mortality rate of the control.

3.6. DPPH assay

2,2-Diphenyl-1-picrylhydrazyl (DPPH), molecular for-
mula C18H12N5O6, was obtained from Fluka Chemie
AG, Bucks. Quercetin was obtained from Avocado
Research Chemicals Ltd, Shore road, Heysham, Lancs.
The method used by Takao et al. (1994) was adopted with
suitable modifications (Kumarasamy et al., 2002a,b).
DPPH (4 mg) was dissolved in MeOH (50 mL) to obtain
a concentration of 80 lg/mL.

Qualitative assay: Test extracts and compounds (1–8)
were applied on a TLC plate and sprayed with DPPH solu-
tion using an atomiser. It was allowed to develop for
30 min. The colour changes (purple on white) were noted.

Quantitative assay: The n-hexane and DCM extracts
were dissolved in DCM and the MeOH extract in MeOH
to obtain a stock concentration of 10 mg/mL. Compounds
1–8 were dissolved in MeOH to obtain a concentration of
0.5 mg/mL. Dilutions were made to obtain concentrations
of 5 · 10�2, 5 · 10�3, 5 · 10�4, 5 · 10�5, 5 · 10�6 5 · 10�7,
5 · 10�8, 5 · 10�9, 5 · 10�10 mg/mL. Diluted solutions
(1 mL each) were mixed with DPPH (1 mL) and allowed
to stand for half an hour for any reaction to occur. The
UV absorbance was recorded at 517 nm. The experiment
was performed in triplicate and the average absorption
was noted for each concentration. The same procedure
was followed for the positive controls, quercetin (in
MeOH) and trolox (in DCM).
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