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a b s t r a c t

Four vobasinyl–ibogan type bisindole alkaloids, ervachinines A–D (1–4), along with 12 known terpenoid
indole alkaloids, were isolated from the whole plant of Ervatamia chinensis. Their structures were eluci-
dated by analysis of spectroscopic data, including 1D and 2D NMR, and the absolute configurations of 1–4
were determined by CD exciton chirality method. All of the compounds were evaluated for in vitro cyto-
toxicity against five human cancer cell lines: HL-60, SMMC-7721, A-549, MCF-7 and SW480. Bisindole
alkaloids 1–6 exhibited inhibitory effects, with IC50 values comparable to those of cisplatin.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

The indole alkaloids found in plants of the Apocynaceae family
are a group of structurally diverse natural products with potent
biological activities (Dewick, 2002). Several of these compounds
have attracted attention in total synthesis and pharmaceutical re-
search (Beckers and Mahboobi, 2003; Bonjoch and Sole, 2000;
Saxton, 1995). The genus Ervatamia (Apocynaceae) includes about
120 species, and is distributed mainly over the tropical and sub-
tropical areas of Asia and Australia (Jiang and Li, 1977). Many of
these compounds are used in folk medicine for the treatment of
abdominal pain, hypertension, and sore throat (Jiang and Li,
1977). A previous chemical investigation of this genus produced
a series of new monoterpenoid indole and bisindole alkaloids with
antitumor activities (Hirasawa et al., 2009; Low et al., 2010; Zaima
et al., 2009; Zhang et al., 2007).

E. chinensis is a common plant found mainly in the Yunnan and
Guangxi provinces of China, and its chemically active constituents
have not been described. As a part of our ongoing research into bio-
active indole alkaloids (Tan et al., 2010; Liu et al., 2010; Zhou et al.,
2010; Hu et al., 2009; Zhang et al., 2009), four new bisindole alka-
loids, ervachinines A–D (1–4), together with 12 known alkaloids
were isolated from whole E. chinensis plants. In the present paper,
isolation, structure elucidation, and cytotoxic properties of these
alkaloids are reported.
ll rights reserved.
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2. Results and discussion

2.1. Structure elucidation

The alkaloid-containing crude ethanol extract of E. chinensis was
subjected to column chromatography on silica gel, RP-18, and
Sephadex LH-20 to afford four new bisindole alkaloids (1–4)
(Fig. 1). In addition, 12 known indole alkaloids were obtained
and identified as 16-decarbomethoxyvoacamine (5) (Braga et al.,
1984), tabernaecorymbosine A (6) (Luo et al., 2010), coronaridine
(7) (Okuyama et al., 1992), isovoacangine (8) (Ladhar et al.,
1981), heyneanine (9) (Ladhar et al., 1981), 3-(2-oxopro-
pyl)voacangine (10) (Okuyama et al., 1992), 19-acetonylisovoacan-
gine (11) (Agwada et al., 1975), vincadiffine (12) (Achenbach et al.,
1994), vobasine (13) (Van Beek et al., 1984), difforlemeine (14)
(Achenbach et al., 1994), (+)-voaphylline (15) (Torrenegra et al.,
1988), and (+)-hecubine (16) (Torrenegra et al., 1988), respectively,
on the basis of their physical and spectroscopic data and by com-
parison with literature data (see Fig. 1).

Ervachinine A (1) was obtained as a light yellow amorphous
powder, and its molecular formula, C44H54N4O6, was established
by HRESIMS (m/z 735.4131 [M+H]+, calcd 735.4121) and 13C NMR
spectroscopic data (Table 1). Its UV spectrum showed absorption
maxima at kmax (loge) 293 (3.82), 288 (3.83), and 227 (4.28) nm,
typical of indole chromophores (Sheludko et al., 2002). IR bands
at 3426 and 1725 cm�1 indicated the presence of NH/OH and ester
functionalities, respectively. Analysis of the 1H and 13C NMR spec-
troscopic data (Table 1) suggested that 1 possessed 44 carbons
including 6 methyls, 10 methylenes, 13 methines and 15 quater-
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Fig. 1. Structures of alkaloids 1–16 isolated from Ervatamia chinensis.
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nary carbons. Further analysis of the NMR spectra indicated that 1
was a bisindole alkaloid comprising vobasinyl and ibogan units
(Kam et al., 2003). Compound 1 was highly similar to voacamine
(Medeiros et al., 1999), with the exception that the C-16 methine
in voacamine was replaced by a quaternary carbon due to the pres-
ence of a hydroxymethyl group at dC 70.3 attached to C-16 in 1.
This assignment was confirmed by 1H–1H COSY and HMBC spectra
(Fig. 2), and was supported by the HMBC correlations from dH 3.46
(1H, d, J = 11.0 Hz, H-17b) to C-5 (dC 60.0) and the ester carbonyl
group (dC 173.9). As in voacamine (Medeiros et al., 1999), the pat-
tern of the aromatic H signals and the observed correlations from
dH 5.07 (1H, br d, J = 13.0 Hz, H-3) to C-110 (dC 129.9), C-120 (dC

110.4), and C-100 (dC 150.1) in the HMBC spectrum confirmed the
C-3–C-110 connectivity of the dimer. Thus, ervachinine A was as-
signed as 1, shown in Fig. 2.

The relative configuration of 1 was assigned through analysis of
1H NMR chemical shifts, 1H–1H coupling values, and ROESY corre-
lations. The ROESY correlations of H-15 and CH3-18 in unit A estab-
lished the E-configuration of the ethylidene side-chains as shown
in Fig. 3. The configuration of C-16 was proven to be S⁄ by the
highly shielded chemical shift (dH 2.32) of the methoxy carbonyl
group at C-16, which can be explained by the anisotropic effect
of the indole ring (Nugroho et al., 2009). The b-configuration of
H-3 was assigned on the basis of the key ROESY H-3/NH correlation
and through comparison of the analogous H-3 coupling constants
of 1 (br d, J = 13.0 Hz) and those of vobasinyl–iboga type bisindole
alkaloids (br d, J = 13.0 Hz) (Kam et al., 2003). The a-configuration
of H-140, H-200, and H-210 in unit B was elucidated by the ROESY
correlations of H-200/H-150a and H-210, and H-140/H-170a. The con-
formation of 1 through the C-3–C-110 bond was assigned by the
ROESY correlations of H-12a/H-14b and H-6a as shown in a com-
puter-generated 3D drawing (Fig. 3).

The absolute configuration of 1 was determined by applying the
exciton chirality CD method (Harada and Nakanishi, 1969). The
sign of the first Cotton effect [kmax 242 nm (De + 35.7)] was posi-
tive, while that of the second one [kmax 223 nm (De � 52.6)] was
negative, indicating that the transition dipole moments of the
two indole chromophores in 1 were oriented in a clockwise man-
ner, as shown in Fig. 4. The absolute configuration of 1 was there-
fore assigned. To the best of our knowledge, ervachinine A (1)
represents the first report of the determination of absolute config-
uration of this type bisindole alkaloids by using the exciton chiral-
ity CD method.

The molecular formula of ervachinine B (2) was C42H52N4O4, as
determined by the HRESIMS signal at m/z 677.4058 (calcd
677.4066) and 13C NMR spectroscopic data (Table 1). This molecu-
lar weight was 58 mass units lower than that of 1. The UV spec-
trum with kmax (loge) of 295 (3.56), 287 (3.56), and 226 (4.05)
nm was typical of indole chromophores, and the IR spectrum
showed NH/OH and ester carbonyl absorption bands at 3420 and
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Fig. 2. 1H–1H COSY (bold) and key HMBC (arrow, H ? C) correlations of 1.

Table 1
1H and 13C NMR spectroscopic data of 1 and 2 (d in ppm and J in Hz).

Position 1a 2a

dH dC dH dC

2 138.0 138.2
3 5.07 (br d, 13.0) 37.2 5.13 (br d, 13.0) 37.3
5 3.99 (t, 8.0) 60.0 3.91 (t, 9.0) 60.1
6a 3.48 (dd, 13.8, 9.6) 17.4 3.52 (dd, 15.0, 9.0) 17.2
6b 3.26 (dd, 13.8, 8.0) 3.27 (dd, 15.0, 6.6)
7 109.9 110.5
8 129.8 129.9
9 7.46 (br d, 7.5) 117.5 7.55 (br d, 6.0) 117.5
10 7.01 (m) 118.9 7.06 (m) 118.9
11 7.00 (m) 120.4 7.05 (m) 121.7
12 6.97 (m) 110.2 7.08 (br d, 6.6) 110.0
13 136.0 136.1
14a 2.42 (m) 36.4 2.49 (m) 36.6
14b 1.95 (m) 2.02 (ddd, 9.6, 6.6, 2.4)
15 3.43 (m) 35.7 3.51 (t, 9.6) 36.0
16 52.0 52.0b

17a 3.69 (d, 11.0) 70.3 3.71 (t, 12.0) 70.7
17b 3.46 (d, 11.0) 3.71 (t, 12.0)
18 1.58 (d, 8.0) 12.2 1.66 (d, 6.0) 12.2
19 5.27 (q, 8.0) 121.7 5.37 (q, 6.0) 119.9
20 136.1 136.7
21a 3.58 (d, 11.0) 51.8 3.57 (d, 12.0) 52.0b

21b 3.04 (d, 11.0) 2.94 (d, 12.0)
NH 7.62 (br s) 7.67 (br s)
CO2Me 2.32 (s) 50.4 2.40 (s) 50.3

173.9 174.0
NMe 2.59 (s) 42.0 2.55 (s) 42.0
20 137.2 136.8
30a 2.81 (br d, 10.0) 51.9 3.01 (br d, 9.0) 49.9
30b 2.64 (br d, 10.0) 2.95 (br d, 9.0)
50a 3.30 (m) 53.0 3.35 (m) 54.2
50b 3.07 (ddd, 18.0, 12.0, 6.0) 3.08 (dt, 13.2, 4.2)
60a 3.02 (br d, 9.6, 6.0) 22.1 3.30 (t, 4.2) 20.7
60b 2.90 (br d, 9.6, 6.0) 2.59 (br d, 13.2)
70 110.2 108.9
80 127.3 128.3
90 6.85 (s) 99.1 6.92 (s) 98.6
100 150.1 150.9
110 129.9 128.8
120 6.59 (s) 110.4 6.62 (s) 110.3
130 130.2 129.2
140 1.72 (m) 27.3 1.79 (m) 26.4
150a 1.69 (m) 31.9 1.75 (br t, 11.4) 32.0
150b 1.02 (m) 1.16 (m)
160 54.8 2.77 (m) 41.3
170a 2.38 (br d, 16.5) 36.4 1.94 (br t, 12.0) 34.1
170b 1.66 (br d, 16.5) 1.50 (m)b

180 0.80 (t, 8.0) 11.6 0.86 (t, 6.6) 11.9
190a 1.56 (m) 26.7 1.50 (m)b 27.8
190b 1.34 (m) 1.42 (m)
200 1.19 (m) 38.9 1.50 (m)b 41.9
210 3.44 (br s) 57.0 2.76 (br s) 57.7
100-OMe 3.91 (s) 56.0 3.98 (s) 55.9
CO2Me0 3.54 (s) 52.4

175.2

a Measured in CDCl3.
b Overlapped.

Fig. 3. Key ROESY (dashed) correlations of 1.
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1726 cm�1. A direct comparison of the NMR spectra (Table 1) of 1
and 2 indicated that both compounds were similar and had the
same basic skeleton. The only differences arose from the substi-
tuted group at C-160, including the absence of signals associated
with the C(160)-CO2Me group. A methine group was observed in
2 based on the NMR data at dC 41.3 and dH 2.77 (Table 1 and Sup-
porting information). The replacement of the C(160)-CO2Me func-
tion with H in 2 was further supported by the HMBC correlations
from H-140, H-170a, and H-200 to C-160 (dC 41.3). Detailed analysis
of the 2D NMR spectra (HSQC, 1H–1H COSY, HMBC, and ROESY)
confirmed that the other parts of the molecule were the same as
those of 1. The structure of alkaloid 2 was thereby characterized
as the 160-decarbomethoxy analog of 1.

Ervachinine C (3) was obtained as a light yellow amorphous
powder, the 13C NMR spectroscopic data (Table 2) and its positive
HRESIMS signal at m/z 735.4135 ([M+H]+, calcd 735.4121) estab-
lished the molecular formula of C44H54N4O6. The UV spectrum dis-
played two maxima at kmax (loge) 295 (4.05) and 227 (4.64) nm.
The IR spectrum indicated the presence of NH/OH (3425 cm�1)
and ester carbonyl groups (1723 cm�1), respectively. Detailed anal-
ysis of the NMR spectroscopic data (Table 2) indicated that 3 was
also a vobasinyl–iboga bisindole alkaloid, and branching of the
monomeric units in 3 proceeded from C-3 of the vobasinyl unit
to C-100 of the iboga unit, as in the related compound conodiparine
A (Kam et al., 2003). HMBC correlations between dH 5.11 (1H, br d,
J = 13.0 Hz, H-3) and C-100 (dC 128.5), C-90 (dC 118.3), and C-110 (dC

154.5) confirmed the above structural features. Moreover, the NMR
spectroscopic data of 3 were strikingly similar to those of conodip-
arine A (Kam et al., 2003), except for the presence of signals corre-
sponding to a methylene carbon (dC 27.8) in place of the
oxymethine carbon (dC 71.2) at C-190. The hydroxyethyl side-chain
at C-200 in conodiparine A was replaced with an ethyl side-chain in



Fig. 4. CD spectra of 1–4. Bold lines denote the electric transition dipole of the chromophores for 1.
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3, as confirmed by the observation of a triplet at dH 0.81 (3H, J = 7.2,
Me-180), and two multiplets at dH 1.32 and 1.42 (2H, CH2-190) in
the 1H NMR of 3. Therefore, ervachinine C (3) was deduced to be
the 190-dehydroxy analog of conodiparine A, which was further
substantiated through 2D-experiments, including HSQC, 1H–1H
COSY, HMBC, and ROESY spectra.

Ervachinine D (4) had a molecular formula of C42H52N4O4, as
established by the HRESIMS signal at m/z 677.4080 ([M+H]+, calcd
for C42H53N4O4, 677.4066) and 13C NMR spectroscopic data (Table
2). The UV and IR spectra were very similar to those of 3. Compar-
ison of the NMR data of 4 (Table 2) and 3 suggested that the alka-
loids shared the same basic skeleton, except that the molecular
weight of 4 was less than that of 3 by 58 mass units, namely, the
methyl ester group at C-160 in 3 was replaced with H. This finding
was supported by the absence of signals associated with the ester
carbonyl at C-160, whereas the C-160 resonance was shifted upfield
from dC 56.2 to dC 41.9. A HMBC correlation between dH 2.70 (1H, br
s, H-210) and C-160 (dC 41.9) further confirmed this structural fea-
ture. Detailed analysis of the 2D NMR spectrum (HSQC, 1H–1H
COSY, HMBC, and ROESY) confirmed that the other components
of the structure were the same as those of 3.

The absolute configurations of compounds 2–4 were identical
to that of 1, as determined by their similar CD curves in the CD
spectra (Fig. 4).
2.2. Cytotoxic activity

Cytotoxic activities of compounds 1–14 were evaluated against
five human cancer cell lines HL-60, SMMC-7721, A-549, MCF-7 and
SW480 by using the MTT method (Mosmann, 1983), with cisplatin
as a positive control. It is noteworthy that only the bisindole alka-
loids 1–6 showed inhibitory activities (Table 3). Among them, erv-
achinines A (1) and C (3) showed significant inhibitory activity
against the five cell lines with IC50 values in the range 0.84–
3.66 lM, and the others exhibited more stronger inhibitory activi-
ties than that of positive control (cisplatin) in some cancer cell
lines.
3. Concluding remarks

Six vobasinyl–ibogan type bisindole alkaloids including four
new ones, ervachinines A–D (1–4), were isolated from whole E.
chinensis plants together with 10 known monoterpenoid indole
alkaloids. The discovery of compounds 1–4 is a further addition
to diverse and complex array of bisindole alkaloids that are rapidly
expanding. Their presence as characteristic markers may be helpful
in chemotaxonomical classifications. The cytotoxicity against sev-
eral human cancer cell lines of all compounds was also investi-
gated, and found to be quite potent.
4. Experimental

4.1. General experimental procedures

Optical rotations were measured on JASCO P-1020 digital polar-
imeter, whereas UV spectra were recorded on a Shimadzu UV-
2401PC spectrometer. IR spectra were measured in a Bio-Rad
FTS-135 spectrometer with KBr pellets, whereas CD spectra were
recorded with an Applied Photophysics Chirascan spectrometer.
ESIMS and HRESIMS were measured on a Finnigan MAT 90 instru-
ment and VG Auto Spec-3000 spectrometer, respectively. 1D and
2D NMR spectra were acquired using Bruker AM-400, DRX-500
and AV-600 spectrometers with TMS as an internal standard. Silica
gel (300–400 mesh, Qingdao Marine Chemical Inc., China), Silica
gel H (10–40 lm, Qingdao Marine Chemical Inc., China), Lichroprep
RP-18 gel (40–63 lm, Merck, Darmstadt, Germany), and Sephadex
LH-20 (40–70 lm, Amersham Biosciences, Sweden) were used for
column chromatography (CC).

4.2. Plant material

Whole E. chinensis plants were collected in November 2008
from the Xishuangbanna area of Yunnan Province, People’s Repub-
lic of China, and the plant sample was identified by Dr. Zhi Wang,
Kunming Institute of Botany, Chinese Academy of Sciences (CAS). A
voucher specimen (KIB 08110613) was deposited at the State Key
Laboratory of Phytochemistry and Plant Resources in West China,
Kunming Institute of Botany, Chinese Academy of Science (CAS).

4.3. Extraction and isolation

The powder of E. chinensis (7.5 kg) were extracted three times
with EtOH–H2O (95:5, v/v). The combined extracts were concen-
trated under reduced pressure, followed by partitioning between
EtOAc and 3% tartaric acid. The aqueous phase was adjusted to
pH 9–10 with saturated Na2CO3 and then extracted with CHCl3



Table 2
1H and 13C NMR spectroscopic data of 3 and 4 (d in ppm and J in Hz).

Position 3a 4a

dH dC dH dC

2 139.7 139.9
3 5.11 (br d, 12.8) 39.1 5.13 (br d, 13.0) 39.1
5 3.74 (t, 10.4) 62.1 3.78 (t, 11.2) 62.1
6a 3.51 (dd, 16.2, 7.2) 18.7 3.56 (m) 18.7
6b 3.23 (dd, 16.2, 8.4) 3.26 (dd, 14.8, 8.0)
7 111.3 111.2
8 131.3 131.4
9 7.51 (dd, 7.0, 2.5) 118.4 7.53 (br d, 7.0) 118.2
10 6.98 (m)b 119.2 7.00 (m)b 119.2
11 6.98 (m)b 122.0 7.00 (m)b 122.0
12 7.10 (dd, 7.2, 2.8) 111.0 7.10 (dd, 7.2, 2.4) 111.0
13 138.0 138.1
14a 2.48 (m) 38.6 2.51 (m) 38.7
14b 2.00 (m) 2.01 (m)
15 3.62 (dd, 12.0, 5.6) 36.4 3.63 (dd, 11.6, 6.8) 36.4
16 54.0 54.1
17a 3.78 (d, 10.8) 70.3 3.81 (d, 12.0) 70.3
17b 3.56 (d, 10.8) 3.60 (d, 12.0)
18 1.65 (d, 6.0) 12.4 1.69 (d, 6.4)b 12.3
19 5.29 (q, 6.0) 120.3 5.36 (q, 6.4) 120.2
20 138.7 138.9
21a 3.48 (d, 10.0) 52.9 3.57 (d, 13.2) 53.1
21b 2.75 (d, 10.0) 2.87 (d, 13.2)
CO2Me 2.28 (s) 50.3 2.31 (s) 50.4

174.6 174.5
NMe 2.39 (s) 42.5 2.49 (s) 42.6
20 136.7 141.5
30a 3.10 (dd, 13.2, 7.2) 54.5 2.90 (br d, 8.4) 50.6
30b 2.81 (dd, 13.2, 6.4) 2.75 (br d, 8.4)
50a 2.66 (dd, 9.6, 7.2) 53.7 3.04 (br d, 13.2) 55.4
50b 2.56 (m) 2.82 (br d, 13.2)
60a 2.71 (t, 7.2)2.59 (t, 7.2) 22.7 3.00 (m)2.20 (m) 21.3
60b
70 110.4 108.6
80 123.5 124.7
90 6.70 (s) 118.3 6.67 (s) 118.1
100 128.5 128.2
110 154.5 154.0
120 6.83 (s) 93.9 6.83 (s) 93.7
130 136.6 135.6
140 1.55 (m) 28.6 1.69 (m)b 27.7
150a 1.59 (m) 33.0 1.79 (m) 33.0
150b 0.96 (m) 1.12 (m)
160 56.1 2.89 (br d, 8.4) 41.9
170a 2.55 (br d, 14.0) 36.9 2.01 (br d, 12.4) 35.3
170b 1.71 (br d, 14.0) 1.48 (br d, 12.4)
180 0.81 (t, 7.2) 12.1 0.88 (t, 6.8) 12.3
190a 1.42 (m) 27.8 1.48 (q, 6.8) 28.5
190b 1.32 (m) 1.42 (q, 6.8)
200 1.24 (m) 39.9 1.53 (m) 43.3
210 3.40 (br s) 58.0 2.70 (br s) 59.4
110-OMe 3.92 (s) 56.2 3.95 (s) 56.3
CO2Me0 3.62 (s) 52.8

176.4

a Measured in CD3OD.
b Overlapped.

Table 3
Cytotoxicity of compounds 1–6a (IC50

b, lM).

Compound HL-60 SMMC-7721 A-549 MCF-7 SW480

1 3.58 3.35 2.86 3.20 2.39
2 11.77 11.40 15.98 15.17 15.33
3 0.84 3.46 3.25 3.25 3.66
4 3.41 4.63 3.10 11.76 3.63
5 3.46 5.44 8.26 17.21 15.70
6 4.00 10.86 10.18 3.71 2.77
Cisplatinc 1.00 17.05 26.75 16.97 18.32

a Other compounds were not active (IC50 greater than 40 lM).
b IC50: 50% inhibitory concentration.
c Positive control.
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to give crude alkaloids (40.0 g). The crude alkaloid extract was then
subjected to a silica gel CC (300–400 mesh) using a petroleum
ether–Me2CO gradient (1:0–0:1) to obtain four major fractions
A–D. Fraction A (3.5 g) was subjected to silica gel CC eluting with
petroleum ether–Me2CO–Et2NH (20:1:0.1–8:1:0.1, v/v) to give 7
(20 .0 mg), 10 (25.0 mg), 11 (12.0 mg) and 16 (35.0 mg). Fraction
B (3.8 g) was further purified by silica gel CC (300–400 mesh) with
petroleum ether–Me2CO–Et2NH (10:1:0.2–4:1:0.2, v/v), then fol-
lowed by Sephadex LH-20 (CH3OH) to afford 1 (20.0 mg), 3
(25.0 mg), 6 (60.0 mg), and 13 (70.0 mg). Compounds 14
(220.0 mg) and 15 (63.0 mg) was isolated from fraction C
(800 mg) by successive reversed phase chromatography using a
C18 column (MeOH–H2O, 40:60–100:0) and Sephadex LH-20
(MeOH). Fraction D (4.4 g) was further purified by reversed phase
chromatography on a C18 column (MeOH–H2O, 20:80–100:0) to
give three subfractions (D1–D3). Subfraction D2 (1.2 g) was sub-
jected to silica gel CC eluted with petroleum ether–EtOAc (10:1–
3:1, v/v), then followed by Sephadex LH-20 CC (CH3OH) to afford
2 (17.0 mg), 4 (17.5 mg), and 8 (22.0 mg). Subfraction D3 (1.0 g)
was further purified by silica gel eluting with petroleum ether–
Me2CO (8:1–4:1, v/v), and then Sephadex LH-20 (CHCl3–MeOH,
1:1) to yield 5 (30.0 mg), 9 (17.0 mg), and 12 (16.8 mg).
4.4. Ervachinine A (1)

Light yellow amorphous powder; ½a�25
D �13.8 (c 0.39, MeOH);

UV (MeOH) kmax (loge) 293 (3.82), 288 (3.83), 227 (4.28); CD
(0.00012 M, MeOH) kmax (De) 223 (�52.6), 242 (+35.7), 296
(+6.3), 306 (�5.0) nm; IR (KBr) vmax 3426, 2927, 1724, 1630,
1463, and 1287 cm�1; for 1H and 13C NMR spectroscopic data,
see Table 1; ESIMS 735 [M+H]+; HRESIMS m/z 735.4131 [M+H]+

(calcd for C44H55N4O6, 735.4121).
4.5. Ervachinine B (2)

Light yellow amorphous powder; ½a�25
D �29.9 (c 0.10, MeOH);

UV (MeOH) kmax (loge) 295 (3.56), 287 (3.56), 226 (4.05); CD
(0.00010 M, MeOH) kmax (De) 223 (�57.4), 241 (+37.2), 296
(+6.0), 306 (�6.9) nm; IR (KBr) vmax 3420, 2925, 1726, 1628,
1464, and 1287 cm�1; for 1H and 13C NMR spectroscopic data,
see Table 1; ESIMS 677 [M+H]+; HRESIMS m/z 677.4058 [M+H]+

(calcd for C42H53N4O4, 677.4066).
4.6. Ervachinine C (3)

Light yellow amorphous powder; ½a�25
D �42.7 (c 0.31, MeOH);

UV (MeOH) kmax (loge) 295 (4.05), 227 (4.64); CD (0.000077 M,
MeOH) kmax (De) 224 (�85.7), 241 (+71.0), 295 (+1.3), 308
(�12.2) nm; IR (KBr) vmax 3426, 2927, 1723, 1629, 1464, and
1287 cm�1; for 1H and 13C NMR spectroscopic data, see Table 2;
ESIMS 735 [M+H]+; HRESIMS m/z 735.4135 [M+H]+ (calcd for
C44H55N4O6, 735.4121).
4.7. Ervachinine D (4)

Light yellow amorphous powder; ½a�25
D �43.4 (c 0.34, MeOH);

UV (MeOH) kmax (loge) 295 (4.12), 226 (4.72); CD (0.000068 M,
MeOH) kmax (De) 224 (�97.0), 241 (+83.4), 296 (+4.1), 306 (�8.2)
nm; IR (KBr) vmax 3415, 2927, 1722, 1629, 1464, and 1288 cm�1;
for 1H and 13C NMR spectroscopic data, see Table 2; ESIMS 677
[M+H]+; HRESIMS m/z 677.4080 [M+H]+ (calcd for C42H53N4O4,
677.4066).
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4.8. Cytotoxicity bioassays

Five human cancer cell lines, human myeloid leukemia HL-60,
hepatocellular carcinoma SMMC-7721, lung cancer A-549, breast
cancer MCF-7, and colon cancer SW480 cells, were used in the
cytotoxic assay. All the cells were cultured in RPMI-1640 or DMEM
medium (Hyclone, USA), supplemented with 10% fetal bovine ser-
um (Hyclone, USA) in 5% CO2 at 37 �C. The cytotoxicity assay was
performed according to the MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) method in 96-well micro-plates
(Mosmann, 1983). Briefly, 100 lL of adherent cells was seeded into
each well of 96-well cell culture plates and allowed to adhere for
12 h before drug addition, while suspended cells were seeded just
before drug addition with an initial density of 1 � 105 cells/mL.
Each tumor cell line was exposed to the test compound dissolved
in DMSO at concentrations of 0.0625, 0.32, 1.6, 8, and 40 lmol in
triplicates for 48 h with cisplatin (Sigma, USA) as the positive con-
trols. After compound treatment, cell viability was measured and a
cell growth curve was plotted. IC50 values were calculated by Reed
and Muench’s method (Reed and Muench, 1938).
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