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Three new prenylated flavonoids, macarindicins A–C (1–3), as well as seven known comp
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prenyl moiety in genus Macaranga especially in the aspect of various lengths of prenyl ch
the known compounds were isolated fromM. indica for the first time and this plant was fo
contain large number of ellagic acid. Compounds 1–10 were tested for their cytotoxicity a
four cancer cell lines (MCF-7, Hep G2, Hela and P388) and showed IC50 values in the ra
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1. Introduction Macaranga indica is an arbor which grows to about 2
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Prenylated flavonoids have a relatively narrow distrib
in the plant kingdom which are attracting more and
attention from the scientific community due to their stru
uniqueness and remarkable biological activities [1]. The
Macaranga (Euphorbiaceae) comprises approximately
species which are mainly distributed in tropical regio
Africa, Asia and Oceania [2]. This genus is known for a
range of mutualistic associations with ants, ranging
facultative to strictly obligate relationships [3]. The fre
dried leaves of certain Macaranga species were used i
medicine for the treatment of cuts, swellings, sores, bruis
boils [2]. Plants in this genus have been reported to prod
number of phenolic compounds, especially prenylated
noids and stilbenes [2].
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to the isolation and identification of flavonoids, isoflavon
their prenylated derivatives [4,5]. As part of our conti
efforts towards discovering new bioactive prenylated aro
products from the genus Macaranga [6,7], a phytoche
investigation onM. indicawas conducted. As a result, thre
prenylated flavonoids (1–3), together with six k
prenylated flavonoids (4–9) and ellagic acid (10),were is
from the twigs of this plant (Fig. 1). All the compounds
reported in M. indica for the first time and large quanti
ellagic acid were found in this plant. Described herein a
isolation and structure elucidation of those compounds, a
as their cytotoxicity against a small panel of cancer cell l

Although numbers of prenylated flavonoids have
reported in genus Macaranga, only two farnesylated
were isolated from this genus [8,9] and thus the discov
compounds 2 and 3 enriches the diversity of prenyl mo
genus Macaranga, especially in the aspect of various leng
prenyl chain. Plants in genus Macaranga are tall arbors
huge leaves which distribute in tropical rainforest and th
get enough sunshine during their lifetime, so it is reaso
that phenolic products are their main secondary metab
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both in structure diversity and quantities [10]. Ellagic acid
possess awide range of biological activities, such as antioxidant

ebiot
cts o
cid i
ustria

A-30
ate
sics)
ectro
S-13
ent

s wit
esse
wer
EI-M
P776
hade
ca ge
ao, PR
stadt

Germany), and MCI gel CHP20P (75–150 μm, Mitsubishi
Chemical Corporation, Tokyo, Japan). Semipreparative HPLC
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Fig. 1. Structures of compounds 1–10.
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functions, estrogenic activities, anti-inflammatory and pr
ic effects, which suggest that it could have beneficial effe
human health [11] and the high content of ellagic a
M. indica indicate that it might be a new source for ind
extraction.

2. Experimental

2.1. General

ORD spectra were recorded on a Horiba SEP
polarimeter. CD spectra were obtained on an Autom
Circular Dichroism spectrometer (Applied Photophy
UV data were obtained on a Shimadzu UV-2401PC sp
photometer. IR spectra were recorded on a Bio-Rad FT
spectrometer with KBr pellets. 1D and 2D NMR experim
were recorded on Bruker Avance III 600 spectrometer
TMS as internal standard. Chemical shifts (δ) are expr
in ppm with reference to the solvent signals. ESI-MS
recorded using a Finnigan MAT 90 instrument. HR-
were performed on a Waters AutoSpec Premier
Column chromatography (CC) was performed on Sep
LH-20 (Amersham Biosciences, Piscataway, USA), sili
(200–300 mesh, Qingdao Marine Chemical inc., Qingd
China), RP-18 gel (LiChroprep, 40–63 μm,Merck, Darm
-
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was performed on a Hewlett-Packard instrument (co
Zorbax SB–C18, 250 × 9.4 mm, DAD detector). Fra
were monitored by TLC and visualized by heating
sprayed with 15% H2SO4 in EtOH.

2.2. Plant material

The twigs ofM. indicawere collected from Jinping cou
Yunnan province, PR China, in June 2013. A voucher spe
(Yangyp–20130612) was deposited in the Herbariu
Kunming Institute of Botany, Chinese Academy of Sci
which was identified by one of the authors (Prof. Yon
Yang).

2.3. Extraction and isolation

The air-dried and powdered twigs of M. indica (17
were extracted with 90% aqueous EtOH (3 × 40 L) for 2
room temperature. The solvent was concentrated
vacuum to give a crude extract (903.0 g), which
partitioned between H2O and EtOAc. The EtOAc portio
further decolorized on MCI gel CC (EtOH/H2O, 95:5
residue (720.0 g) was dissolved with MeOH and the s
part was subjected to RP-18 CC (MeOH/H2O, 40:60 to 100
afford four fractions (Fr.1–4). The MeOH insoluble soli



further dissolved in the mix solvent of CHCl3–MeOH (1:1) and
chromatographed on silica gel (CHCl3/MeOH, 10:1 to 2:1) to

HCl3
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afford 10 (310 g). Fr.1 was subjected to silica gel CC (C
acetone, 10:1 to 3:2) and then purified by Sephadex LH–
(CHCl3/MeOH, 1:1) to afford 5 (21.6 mg). Fr.2 was subjec
silica gel CC (CHCl3/EtOAc, 10:1 to 1:1) to yield three
subfractions (Fr.2a–2c). Fr.2a was purified by semiprepa
HPLC (MeOH/H2O, 65:35) to afford 6 (7.3mg), 7 (3.6mg)
(6.4 mg). Fr.2c was subjected to Sephadex LH–20 CC (C
MeOH, 1:1) to obtain 9 (11.9 mg). Fr.3 was chromatogr
on silica gel (CHCl3/EtOAc, 10:1 to 2:1) to yield four
subfractions (Fr.3a–3d). Fr.3b was purified by Sephadex L
CC (CHCl3/MeOH, 1:1), followed by semipreparative
(MeOH/H2O, 73:27) to afford 3 (11.4 mg) and 4 (6.1 mg)
was subjected to Sephadex LH–20 CC (CHCl3/MeOH,
followed by preparative TLC with CHCl3/EtOAc (4:1), to
(5.2 mg) and 2 (4.7 mg).

2.4. Spectroscopic data

2.4.1. Macarindicin A (1)
Yellow oil; [α]21D −13.6 (c 0.12, MeOH); UV (MeOH

(log ε) 204 (5.03), 274 (4.69), 350 (4.11), 436 (4.70) n

Table 1

1H and 13C NMR data of compounds 1–3 in acetone-d6a (δ in ppm, J in Hz).

No. 1 2

δH δC δH

2 145.0 s
3 136.6 s

4 176.4 s
5 158.9 s
6 111.6 s
7 162.6 s
8 6.55, s 93.7 d 6.57, s
9 155.5 s
10 103.9 s
1′ 122.8 s
2′ 7.70, d (1.6) 113.2 d 7.80, d
3′ 146.8 s
4′ 146.2 s
5′ 129.0 s 6.98, d
6′ 7.60, d (1.6) 121.7 d 7.67, d
1″ 3.36, d (7.3) 21.8 t 3.36, d
2″ 5.28, t (7.3) 123.0 d 5.28, t
3″ 135.3 s
4″ 1.78, s 16.2 q 1.96, t
5″ 1.95, t (8.2) 40.5 t 2.06, o
6″ 2.02, overlapped 27.3 t 5.05, t
7″ 5.06, t (7.1) 125.0 d
8″ 131.6 s 1.85, t
9″ 1.59, s 25.8 q 1.92, q
10″ 1.54, s 17.6 q 4.99, t
11″ 3.40, d (7.4) 29.0 t
12″ 5.37, t (7.4) 123.4 d 1.56, s
13″ 132.8 s 1.50, s
14″ 1.75, s 17.9 q 1.53, s
15″ 1.73, s 25.9 q 1.79, s
3-OH 8.56, b
5-OH 12.43, s 12.40,
7-OH 9.75, b
3′-OH 7.97, b
4′-OH 8.35, b

a 1H and 13C NMR data measured at 600 and 150 MHz, respectively.
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(acetone-d6, 600 MHz) and 13C NMR (acetone-d6, 150
data, see Table 1; negative ESIMSm/z 505 [M–H]−, 1011
H]−; HR-EI-MS m/z 506.2308 [M]+ (calcd for C30H
506.2305).

2.4.2. Macarindicin B (2)
Yellow oil; [α]22 D −2.96 (c 0.21, MeOH); UV (MeOH

(log ε) 204 (4.65), 273 (4.36), 432 (4.33) nm; IR (KBr)
3450, 2923, 1650, 1615, 1601, 1551, 1514, 1483, 1360,
1257, 1213, 1196, 1161, 1091, 1029, 960, 805, 598 cm−

NMR (acetone-d6, 600 MHz) and 13C NMR (aceto
150 MHz) data, see Table 1; negative ESI-MS m/z 505 [M
, 1011 [2M–H]−; HR-EI-MS m/z 506.2318 [M]+ (calc
C30H34O7, 506.2305).

2.4.3. Macarindicin C (3)
Yellow oil; [α]21D −4.49 (c 0.42, MeOH); UV (MeOH

(log ε) 202 (4.80), 295 (4.38) nm; IR (KBr) νmax 3419,
2917, 1634, 1596, 1517, 1490, 1450, 1338, 1297, 1224,
1084, 830 cm−1; 1H NMR (acetone-d6, 600 MHz) and 13C
(acetone-d6, 150 MHz) data, see Table 1; negative ESI-M
3

δC δH δC

146.5 s 5.36, dd (13.0, 2.8) 79.8 d
136.6 s 2.67, dd (17.0, 2.8) 43.5 t

3.11, dd (17.0, 13.0)
176.4 s 197.2 s
158.9 s 162.2 s
111.7 s 109.0 s
162.6 s 164.7 s
93.7 d 6.00, s 95.2 d
155.5 s 161.9 s
103.9 s 103.0 s
123.8 s 130.8 s

(2.1) 115.6 d 7.35, d (8.5) 128.9 d
145.7 s 6.87, d (8.5) 116.0 d
148.1 s 158.5 s

(8.5) 116.1 d 6.87, d (8.5) 116.0 d
d (8.5, 2.1) 121.3 d 7.35, d (8.5) 128.9 d
(6.9) 21.9 t 3.25, d (7.2) 21.5 t
(6.9) 123.2 d 5.24, t (6.8) 123.4 d

135.3 s 135.3 s
(7.4) 40.4 t 1.94, t (7.5) 40.4 t
verlapped 27.0 t 2.05, q (7.5) 27.1 t
(7.0) 124.8 d 5.08, t (7.5) 124.9 d

135.0 s 134.8 s
(6.9) 40.3 t 1.90, t (7.1) 40.4 t
(6.9) 27.3 t 1.99, q (7.1) 27.3 t
(6.9) 125.0 d 5.06, t (7.1) 125.1 d

131.5 s 131.5 s
25.8 q 1.62, s 25.8 q
17.6 q 1.55, s 17.7 q
16.2 q 1.75, s 16.0 q
16.1 q 1.55, s 16.2 q

rs
s 12.45, s
rs 9.61, brs
rs
rs 8.58, brs



475 [M–H]−, 951 [2M–H]−; HR-EI-MS m/z 476.2574 [M]+

(calcd for C30H36O5, 476.2563).
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group to C-6. Therefore, the structure of 1 was determined as
5′-prenyl-6-geranylquercetin (Fig. 1).
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2.5. Cytotoxicity assay

Compounds 1–10 were tested for their cytotoxicity a
human breast adenocarcinoma (MCF-7), human hepatoc
(Hep G2), human cervical carcinoma (Hela), mouse leu
(P388) by theMTTmethod, 5-fluorouracilwas used as a po
control. Briefly, 100 μL of cell suspension (1 × 105 cells/m
seeded into 96-well microtiter plates and cultured for
before the compoundwas added. Then, different concentr
of the compounds were added to the plates, the cells
cultivated for 48 h, and 10 μL of MTT (5 mg/mL) was ad
each well. After 4 h, the culture medium was removed an
formazan crystalswere completely dissolvedwith 150 μL
in each well by vigorously shaking the plate. Finally, form
absorbance was assessed by a BioRad microplate rea
570 nm.

3. Results and discussion

Macarindicin A (1), a yellow oil, was assigned a mol
formula of C30H34O7 by HR-EI-MS (m/z 506.2308 [
requiring 14° of unsaturation. The IR spectrum sh
absorption bands for hydroxyl (3418 cm−1), carbonyl
(1648 cm−1), double bonds (1624 cm−1) and benzene
(1601 and 1484 cm−1). The UV absorption maxima a
204, 274 and 350 nm suggested the presence of a fla
skeleton [12]. Analysis of the 1H and 13C NMR (Table 1) d
1 aided by HSQC revealed resonances for one prenyl gro
29.0 (t), 123.4 (d), 132.8 (s), 17.9 (q), 25.9 (q); δH 3.40 (
J = 7.4 Hz), 5.37 (1H, t, J = 7.4 Hz), 1.75 (3H, s), 1.73 (3
[12], one geranyl group [two pair of trisubstituted d
bonds: δH 5.06 (1H, t, J = 7.1 Hz), 5.28 (1H, t, J = 7.3 H
125.0 (d), 131.6 (s), 123.0 (d), 135.3 (s); three methylen
21.8, 40.5, 27.3; three methyls: δH 1.78, 1.59, 1.54, 3H e
[13], one diprenylated quercetin [δC 136.6 (s), 176.4 (s)
(d), 146.8 (s), 146.2 (s); δH 6.55 (1H, s), 7.60 (1H, d, J=1
7.70 (1H, d, J=1.6 Hz)] [12]. The HMBC correlations of H
5, C-6, C-7; H-2″/C-6, H-11″/C-4′, C-5′, C-6′ (Fig. 2) ind
the attachment of the prenyl group to C-5′ and the g
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Macarindicin B (2) possessed a molecular formu
C30H34O7 as deduced from its HR-EI-MS (m/z 506.2318 [
It was regarded as a mono-prenylated flavonol by comp
of the UV, IR and NMR spectroscopic data of 2with 1. The
data (Table 1) exhibited four phenolic hydroxy groups [δ
8.56, 8.35 and 7.97 (1H each, brs)], one hydrogen-b
hydroxy group [δH 12.40 (1H, s, 5-OH)] [14], one 6-pren
quercetin [δC 136.6 (s), 176.4 (s), 93.7 (d), 145.7 (s), 148
δH 6.57 (1H, s), 7.80 (1H, d, J = 2.1 Hz), 7.67 (1H, dd, J
2.1Hz), 6.98 (1H, d, J=8.5Hz)] [15,16], and one farnesyl
pair of trisubstituted double bonds: δH 4.99 (1H, t, J= 6.
5.05 (1H, t, J = 7.0 Hz), 5.28 (1H, t, J = 6.9 Hz), δC 125
131.5 (s), 124.8 (d), 135.0 (s), 123.2 (d), 135.3 (s)
methylenes: δC 21.9, 27.0, 27.3, 40.3, 40.4; four methy
1.50, 1.53, 1.56, 1.79, 3H each, s] [8]. The location of fa
group at C-6 was confirmed by HMBC correlations of H-1
C-6, C-7 andH-2″/C-6 (Fig. 2). As a result, the structure of
determined as 6-farnesylquercetin.

Macarindicin C (3) was obtained as optically active y
oil ([α]21D−4.49, c 0.42, MeOH). The UV spectrum show
characteristic absorbances for a dihydroflavonol [λmax (
202 nm (4.80) and 295 nm (4.38)] [17]. Analysis of the
data of 3 (Table 1) suggested the presence of one 6-pren
naringenin [δC 79.8 (d), 43.5 (t), 197.2 (s), 95.2 (d); δH 6.8
d, J=8.5 Hz), 7.35 (2H, d, J=8.5 Hz)] [17,18] and one fa
[19]. Comparison of the NMRdata of 3with those of 4 ind
that they were very similar except that an oxyge
quaternary carbon (C-3′, δC 144.1) in 4 was replaced
non-oxygenated methine (δC 116.0) in 3 [19], which
further confirmed by the COSY correlation of H-2′/H-3
HMBC correlation of H-3′/C-4′ (Fig. 2). The observed H
correlations of H-1″/C-5, C-6, C-7, and H-2″/C-6 demons
that the farnesyl group was located at C-6 (Fig. 2). The ab
configuration at C-2 was assigned as S from the po
(+1.64) and negative (−8.44) Cotton effects in the CD s
at 331 nm (n→ π⁎ transition) and 291 nm (π→ π⁎ trans
[20]. Therefore, the structure of 3 was determined as (
farnesylnaringenin.

The known compounds were identified as 6-far
3′,4′,5,7-tetrahydroxyflavanone (4) [19], isolicofla
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(5) [21], glyasperin A (6) [22], broussoflavonol F (7) [21]
broussonol D (8) [12], macarangin (9) [23] and ellagic acid
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Table 2
Cytotoxicities of compounds 1–10.

compounds IC50 (μg/mL)

MCF-7 Hep G2 Hela P388

5-fluorouracil 15.14 13.27 13.85 16.97
1 15.23 N30 N30 11.82
2 N30 N30 N30 18.94
3 10.72 N30 N30 3.27
4 N30 13.52 N30 2.61
5 9.74 N30 N30 N30
6 N30 N30 N30 N30
7 N30 11.84 8.71 N30
8 7.88 N30 N30 N30
9 N30 20.35 16.06 N30
10 11.39 N30 3.70 N30
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(10) [24] by comparison of their experimental and rep
spectroscopic data. All the compounds were isolated
M. indica for the first time and this plant was fou
contain large quantities of ellagic acid.

Since prenylated flavonoids are reported to have mod
strong anticancer activities [1,6], the cytotoxicity of comp
1–10 were evaluated against human breast adenocarc
(MCF-7), human hepatocellular (Hep G2), human ce
carcinoma (Hela), mouse leukemia (P388) cell lines by
method, with 5-fluorouracil as a positive control [25
results are shown in Table 2. Compounds 1, 3, 5, 8 a
inhibit the proliferation of MCF-7 cell line with IC50 val
15.23, 10.72, 9.74, 7.88 and 11.39 μg/mL, respectively.
pounds 4, 7 and 9 exhibit cytotoxicity against Hep G2 ce
with IC50 values of 13.52, 11.84 and 20.35 μg/mL, respec
Compounds 7 and 9 exhibit cytotoxicity against Hel
line with IC50 values of 8.71 and 16.06 μg/mL, respec
Compounds 1–4 exhibit cytotoxicity against P388 cell line
IC50 values of 11.82, 18.94, 3.27 and 2.61 μg/mL, respective
other compounds were inactive in the tests.
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