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a b s t r a c t

Melodinine V (1) with a vincanol–eburenine skeleton, was isolated from Melodinus henryi. The structure
was elucidated by extensive spectroscopic methods and further confirmed by the single crystal X-ray
diffraction analysis. Melodinine V showed selective cytotoxic activities against human colon cancer cell
line HT-29 and inhibited cell proliferation in a concentration-dependent manner. It induced cell cycle
arrest at G1 phase and cellular apoptosis by increasing histone-associated DNA fragmentation in the trea-
ted HT-29 cells.

� 2016 Elsevier Ltd. All rights reserved.
Since the structure of vinblastine, one of the most important
bisindole alkaloids in pharmacy, was established in 1962,1–3 bisin-
dole alkaloids, monoterpenoid indole dimers, became attractive for
their complicated structures as well as potent biological activi-
ties.4–8 Then, a number of bisindole alkaloids have been isolated
from different plants.4,9–14 Some of them, known as vinca alkaloids,
vincristine,15 vindesine,16 and vinblastine17,18 are promising
naturally occurring antitumor agents, and have been launched as
commercial drugs in many countries.19,20 Pharmacological investi-
gations on the crude and purified alkaloids fromMelodinus (Apocy-
naceae), which is rich in indole and bisindole alkaloids, revealed
their significant antitumor21–23 and antibacterial activities.24 In
our continuous investigation on plants belonging to this genus,
many new and/or bioactive compounds were isolated,25–35 in
which some of indole and bisindole alkaloids showed significant
cytotoxicity against human cancer cell lines. Now, a new bisindole
alkaloid, melodinine V (1) from Melodinushenryi showed selective
cytotoxicity in human colon cancer cell line (HT-29). Effects of
melodinine V (1) on cell cycle phase distribution and cellular apop-
tosis were further investigated. Reported herein are the isolation,36

structural elucidation, and antitumor bioactivity of it.
Melodinine V (1)37 was obtained as crystal and gave a positive

reaction with Dragendorff’s reagent, characteristic of an alkaloid.
A molecular formula of C38H46N4O was assigned for compound 1
on the basis of positive HRESIMS ([M+H]+ at m/z 575.3734), indi-
cating 18 degrees of unsaturation. Its UV spectrum showed absorp-
tion characteristic of an indolenine chromophore (292, 204 nm),
which was supported by the resonance at dC 193.0 (s) in 13C
NMR attributable to an imine carbon.38 In the 1H NMR spectrum,
two triplets at dH 0.67 (3H, t, J = 7.3 Hz, Me-18) and 0.76 (3H, t,
J = 7.4 Hz, Me-180) were assigned to the protons of two methyls
connected to methenes. In the 13C NMR spectrum, 38 carbons were
observed (Table 1), including two methyls, 15 methylenes, nine
methines, and 12 quaternary carbons. Thus, compound 1was iden-
tified preferentially as a bisindole alkaloid with two eburna-
menine-type units similar to vincanol (unit A) and eburenine
(unit B)39 (Fig. 1).

In the 1H NMR spectrum, four aromatic protons at dH 7.67 (1H,
d, J = 8.0 Hz), 7.21 (1H, t, J = 8.0 Hz), 7.10 (1H, t, J = 8.0 Hz) and 7.08
(1H, d, J = 8.0 Hz) were assigned to be the unsubstituted indole
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Table 1
1H and 13C NMR data of melodinine V (1) in pyridine-d5 (d in ppm and J in Hz)

No. dH dC No. dH dC

2 134.8 s 20 193.0 s
3a 2.35 (1H, dd, 4.4, 13.0) 44.6 t 30a 2.19 (1H)o3 52.3 t
3b 2.44 (1H, d, 13.0) 30b 3.08 (1H, dd, 2.6, 8.4)
5a 3.22 (1H)o1 51.3 t 50 3.18 (1H)o1 55.1 t
5b
6a 2.51 (1H)o2 17.5 t 60a 2.19 (1H)o3 32.4 t
6b 2.99 (1H, ddd, 2.0, 6.4, 13.1) 60b 2.24 (1H)o3

7 104.7 s 70 62.7 s
8 129.5 s 80 131.2 s
9 7.67 (1H, d, 8.0) 118.3 d 90 153.5 s
10 7.21 (1H, t, 8.0) 119.4 d 100 6.95 (1H, d, 8.2) 114.3 d
11 7.10 (1H, t, 8.0) 120.5 d 110 7.14 (1H, d, 8.2) 127.2 d
12 7.08 (1H, d, 8.0) 112.3 d 120 126.2 s
13 137.2 s 130 154.5 s
14a 1.16 (1H)o6 21.1 t 140a 1.41 (1H)o5 22.2 t
14b 1.64 (1H, m) 140b 1.81 (1H, m)
15a 1.04 (1H)o7 24.4 t 150a 1.06 (1H)o7 33.3 t
15b 1.26 (1H)o4 150b 1.27 (1H)o4

16 6.38 (1H, d, 6.0) 50.1 d 160a 1.56 (1H, m) 29.6 t
160b 2.48 (1H)o2

17a 1.94 (1H, t, 12.2) 44.4 t 170a 2.88 (1H, t, 11.1) 24.1 t
17b 2.27 (1H)o3 170b 3.29 (1H, m)
18 0.67 (1H, t, 7.3) 7.5 q 180 0.76 (1H, t, 7.4) 8.1 q
19a 1.39 (1H)o5 29.1 t 190 1.19 (2H)o6 30.8 t
19b 2.22 (1H)o3

20 35.2 s 200 36.6 s
21 4.02 (1H, s) 59.8 d 210 3.25 (1H, s) 75.2 d

o1–o7Overlapped signals.
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Figure 1. The structure of melodinine V (1).
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Figure 2. Selected HMBC ( ), 1H–1H COSY ( ) and ROESY ( ) correlations
of melodinine V (1).
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moiety in unit A, which were further supported by 1H–1H COSY
and HMBC correlations (Fig. 2). The NMR spectra also displayed
an indolenine moiety in unit B [eight carbon signals dC 193.0 (s),
154.5 (s), 153.5 (s), 131.2 (s), 127.2 (d), 126.2 (s), 114.3 (d), 62.7
(s); two doublet aromatic protons signals dH 7.14 (1H, d,
J = 8.2 Hz) and 6.95 (1H, d, J = 8.2 Hz)],38 and the substituents
should be in para-position of aromatic ring in unit B, indicated
by the electron-withdrawing inductive effect of the hydroxyl and
chemical shift of the indolenine moiety. Furthermore, the hydroxyl
was placed at C-90, instead of C-120, as evidenced by HMBC corre-
lations of dH 6.95 (1H, d, J = 8.2 Hz, H-100) with dC 153.5 (s, C-90),
131.2 (s, C-80), 126.2 (s, C-120) and 62.7 (s, C-70), and of dH 7.14
(1H, d, J = 8.2 Hz, H-110) with dC 154.5 (s, C-130) and 50.1 (d,
C-16). Moreover, the linkage of units A and B by C-16/C-120 was
established by the HMBC correlation of H-110 (dH 7.14, 1H, d,
J = 8.2 Hz) with dC 50.1 (d, C-16) (Fig. 2), which also indicated the
placement for the 90-OH unambiguously. The NMR spectral data
of compound 1were similar to those of bisleuconothine A,40 except
for an imine appeared at N1 0–C20 in unit B of compound 1, which
was supported by HMBC correlations of dH 3.25 (1H, s, H-210)
and 2.48 (1H, overlap, H-160b) with dC 193.0 (s, C-20). Thus, the
planar structure of compound 1 was elucidated to possess a vin-
canol–eburenine skeleton.

In the ROESY spectrum, NOE correlations of H-21/Me-18, and
H-210/Me-180 suggested that the relative configurations of units
A and B in compound 1 were identical to those of vincanol and
eburenine,39 respectively. Besides, H-21 showed NOE correlation
to one proton of H2-15 (H-15b), while H-16 showed NOE correla-
tion to another proton of H2-15 (H-15a), which suggested H-21



Figure 4. Effects of melodinine V (1) on cell viabilities of different cell lines (A) and
on cell proliferation (B) of HT-29 cells. Cells were treated with increasing
concentrations of melodinine V for 48 h, and cell viability and cell proliferation
were determined by the MTT and thymidine incorporation assays, respectively.
Results were expressed as percentages of MTT absorbance or count per minute with
respect to the untreated vehicle control wells (mean ± SD of 3 independent
experiments with 4 wells each).
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and H-16 were on the opposite sides. Then, H-16 of compound 1
was assigned to be b orientation, the same as that of bisleuconoth-
ine A. Finally, the single-crystal X-ray41 further supported the
assigned structure, and the absolute configuration of melodinine
V should be identical to that of bisleuconothine A by comparison
of specific rotations of two compounds (Fig. 3).

Melodinine V was evaluated for its cytotoxicity against three
human cancer cell lines using MTT method.42,43 It showed cytotox-
icity against HT-29, PANC-1 and MCF-7 cells, with IC50 values of
4.9, 28.1, and 54.5 lM, respectively (Fig. 4A). However, it (up to
100 lM, data not shown) did not cause cytotoxic effect on human
normal skin fibroblasts, suggesting its selective cytotoxicity
against cancer cells. Furthermore, the cell proliferation of HT-29,
which was evaluated using thymidine incorporation assay, was
inhibited by melodinine V in a concentration-dependent manner,
with IC50 value of 2.3 lM (Fig. 4B). It induced cell cycle arrest
(7.4 and 9.8 lM) at G1 phase after 24 h incubation (p <0.01,
Fig. 5A). To further determine the induction of apoptosis by
melodinine V, quantification of DNA fragmentation of apoptotic
cells was analyzed by the Cell Death Detection ELISA.44,45 Results
showed that cellular apoptosis as indicated histone-associated
DNA fragmentation was significantly increased in melodinine
V treated HT-29 cells in a concentration-dependent manner
(p <0.01, Fig. 5B).

Similar to bisleuconothine A, another bisindole with an ebur-
nane-aspidosperma skeleton firstly found in the bark of Leuconotis
griffithii,40 melodinine V induced apoptosis in human colon cancer
cells. Bisleuconothine A was shown to be a selective Wnt signaling
inhibitor and inhibited cell proliferation through induction of
apoptosis by increasing the cleavage of caspases,46 while the apop-
tosis induced by melodinine V was demonstrated here to be
related to DNA fragmentation. Bisleuconothine A induced weak
G0/G1 cell cycle arrest in colon cancer cells whereas melodinine
V caused significant increases in the cell proportion in G1 phase.
In addition, melodinine V (up to 100 lM) was not cytotoxic
towards human normal fibroblasts. Last but not least, its inhibitory
effect on cell proliferation in HT-29 cells was stronger than that of
Figure 3. X-ray structure of melodinine V (1).

Figure 5. Effects of melodinine V (1) on cell cycle phase distribution and apoptosis
induction in HT-29 cells. (A) Cell cycle analysis of HT-29 cells treated with vehicle
or melodinine V for 24 h. After treatment, cells were analyzed by flow cytometry.
(B) The fractions of cells in each cell cycle phase were summarized in the bar chart.
(C) Melodinine V increased the apoptosis activity of HT-29 cells as quantified of
histone-complexed DNA fragments by the Cell Death ELISA assay. Data were
expressed as means + SD from 2 independent experiments with 3 wells each.
Differences between the treated and untreated control groups were determined by
one-way ANOVA followed by post-hoc Tukey’s multiple comparison test. *p <0.05,
**p <0.01, ***p <0.001 as compared to the control group. ###p <0.001 as compared
among treatment groups.
cisplatin (IC50 values: 2.3 lM vs 26.2 lM). These findings sug-
gested that melodinine V might have potential to be developed
as an anti-tumor agent.
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