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Abstract One new lignan, trichobenzolignan (1), and

seven known compounds, ligballinol (2), (-)-pinoresinol

(3), ehletianol C (4), luteolin 7-O-b-D-glucopyranoside (5),
chrysoeriol-7- O-b-D-glucopyranoside (6), 10a-cucurbita-
5,24-dien-3b-ol (7), and arvenin I (8). Their structures were
established on the basis of spectral and chemical evidence,

which were in agreement with those reported in literature.

The cytotoxic activities of these compounds were evalu-

ated on four cancer cell lines such as A-549 (human lung

cancer), HT-29 (human colon adenocarcinoma), OVCAR

(human ovarian carcinoma), and MCF-7 (human breast

cancer). As the results, compound 7 showed significant

activity on HT-29 and OVCAR cancer cell lines with IC50

of 4.1 and 6.5 lM, respectively. Compounds 1, 5, 6, and 8

exhibited moderate activities in all cancer cell lines with

IC50 ranging from 11.3 to 42.8 lM.

Keywords Trichosanthes kirilowii � Cucurbitaceae �
Trichobenzolignan � Cytotoxic activity

Introduction

Trichosanthes kirilowii MAXIM belongs to the cucumber

family (Cucurbitaceae) and is one of the fundamental

herbals in Vietnam. Its roots have been used in Vietnam

traditional medicine as an anti-inflammatory agent, a cough

and sore throat medicines (Chi 2012). Previous phyto-

chemical investigations of T. kirilowii have yielded lignans

(Moon et al. 2008), flavones (Rahman and Moon 2007),

and triterpenes (Akihisa et al. 1992; 1994; Kimura et al.

1995). Compounds showed cytotoxic (Kondo et al. 1995;

Moon et al. 2008; Takahashi et al. 2009), antitumor (Ryu

et al. 1994), anti-inflammatory (Akihisa et al. 1994), and

antibacterial activities (Jang et al. 2007). As part of our

ongoing investigation on cytotoxic compounds from the

roots of T. kirilowii, the phytochemical investigation led to

the isolation of one new lignan and seven known com-

pounds. We report herein the isolation, structural elucida-

tion, and evaluation of the in vitro cytotoxic activities of

compounds against four human cancer cell lines, including

A-549, HT-29, OVCAR, and MCF-7.

Materials and methods

General experimental procedures

All NMR spectra were recorded on a Agilent 400-MR-

NMR Spectrometer operated at 400 and 100 MHz for

hydrogen and carbon, respectively. NMR measurements,

including 1H, 13C, HSQC, and HMBC experiments, were

carried out using 5-mm probe tubes at temperature of

22.2 �C in CD3OD solutions, with TMS as the internal

standard. Chemical shifts are reported in parts per million

from TMS. The HR-EI-MS was obtained on a JEOL JMS-
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AX505WA. Circular dichroism spectrums were determined

on a ChirascanTM CD spectrometer. Optical rotations were

determined on a Jasco DIP-370 automatic polarimeter.

Column chromatography was performed using a silica-gel

(Kieselgel 60, 70–230 mesh and 230–400 mesh, Merck) or

YMC RP-18 resins (30–50 lm, Fujisilisa Chemical Ltd.),

thin layer chromatography (TLC) using a pre-coated silica-

gel 60 F254 (0.25 mm, Merck) and RP-18 F254S plates

(0.25 mm, Merck).

Plant material

The roots of T. kirilowii were collected in Hoabinh, Viet-

nam in September, 2012, and identified by Dr. Ninh Khac

Ban, Institute of Marine Biochemistry, VAST, Vietnam. A

voucher specimen (TK1209) was deposited at the Herbar-

ium of Institute of Marine Biochemistry, VAST, Vietnam.

Extraction and isolation

The roots of T. kirilowii (2.5 kg) were extracted with MeOH

three times under reflux for 15 h to yield 120 g of a dark solid

MeOH extract, which was then suspended in water and

successively partitioned with CHCl3 and ethyl acetate

(EtOAc) to obtain CHCl3 (TK1, 80.0 g), EtOAc (TK2,

8.0 g), and water (TK3, 32.0 g) layers after removing solvent

in vacuo. The TK1 layer was chromatographed on a silica gel

column and eluted with n-hexane–acetone gradient

(40:1 ? 1:1, v/v) to obtain five fractions, TK1A (15.0 g),

TK1B (30.0 g), TK1C (8.0 g), TK1D (8.5 g), and TK1E

(10.0 g). The TK1C fraction was chromatographed on a sil-

ica gel column eluting with CHCl3–acetone (8:1, v/v) to give

three fractions TK1C1-TK1C3. The TK1C2 fraction was

chromatographed on an YMC RP-18 column eluting with

acetone–water (3:1, v/v) to yield 7 (8.0 mg). The TK1C3

fraction was chromatographed on an YMC RP-18 column

eluting withMeOH–water (3:1, v/v) to yield 2 (6.0 mg) and 3

(9.0 mg). The TK1E fraction was chromatographed on a

silica gel column eluting with CHCl3–MeOH (10:1, v/v) to

give four factions, TK1E1-TK1E4. The TK1E1 fraction was

chromatographed on an YMC RP-18 column eluting with

acetone–water (1:1, v/v) to yield 1 (7.0 mg). The TK1E2

fraction was chromatographed on a silica gel column eluting

with CHCl3–acetone–water–formic acid (1:3:0.2:001, v/v/v/

v) to yiled 4 (20.0 mg). The TK1E3 fraction was chro-

matographed on an YMC RP-18 column eluting with

MeOH–water (2:1, v/v) to yield 8 (30.0 mg). The water

soluble fraction TK3 was chromatographed on a Diaion HP-

20P column eluting with water containing increasing con-

centrations of MeOH (0, 25, 50, 75, and 100 % MeOH) to

obtain four fractions, TK3A–TK3D. The TK3C fraction was

chromatographed on Sephadex LH-20 column eluting with

MeOH–water (1:1, v/v) to yield 5 (10.0 mg) and 6 (15.0 mg).

Trichobenzolignan (1)

A white amorphous powder; ([a]D
25 = -38.0, c = 0.15,

MeOH); IR (KBr) mmax: 3,360, 1,601, 1,480, 1,260 cm-1;

CD (c 0.001 mg/mL, MeOH, De (nm): -4.3 (244), ?2.6

(222); 1H-NMR (CD3OD) and 13C-NMR (CD3OD): see

Table 1.

Ligballinol (2)

A white amorphous powder; ([a]D
25 = -24.0, c = 0.1,

MeOH); 1H-NMR (CD3OD) dH 7.17 (d, J = 8.4 Hz, H-2/

6/20/60), 6.74 (d, J = 8.4 Hz, H-3/5/30/50), 6.74 (d,

J = 8.4 Hz, H-5),7.17 (d, J = 8.4 Hz, H-6/60) 4.67 (d,

J = 4.4 Hz, H-7/70), 3.09 (m, H-8/80), 3.77 (d, J = 3.6,

9.2 Hz, Ha-9/9
0),4.17 (m, Hb-9/9

0); 13C-NMR (CD3OD) dC
133.0 (C-1/10), 128.7 (C-2/20, 6/60), 116.2 (C-3/30, 5/50),
158.2 (C-4/40), 116.2 (C-5/50), 128.7 (C-6/60), 87.4 (C-7/

70), 55.3 (C-8/80), 72.5 (C-9/90).

(-)-Pinoresinol (3)

A white amorphous powder; ([a]D
25 = -45.0, c = 0.2,

MeOH); 1H-NMR (CD3OD) dH 6.91 (d, J = 2.0 Hz, H-2,

20), 6.74 (d, J = 8.0 Hz, H-5, 50), 6.75(dd, J = 2.0, 8.0 Hz,

H-6, 60), 4.66 (d, J = 4.0 Hz, H-7, 70), 3.08 (m, H-8, 80),
3.79 (dd, J = 3.2, 9.2 Hz, Ha-9, 90), 4.18 (dd, J = 6.8,

9.2 Hz, Hb-9, 90), 3.81 (s, 3, 30-OMe); 13C-NMR (CD3OD)

dC 133.8 (C-1, 10), 110.9 (C-2, 20), 149.1 (C-3, 30), 147.3

Table 1 The 1H and 13C-NMR data for compound 1

Pos. dC
a,b dH

a,c (mult, J in Hz)

1 134.2 –

2, 6 128.2 7.16 (d, 8.0)

3, 5 116.3 6.73 (d, 8.0)

4 158.5 –

7 88.7 5.45 (d, 6.0)

8 54.7 3.43 (m)

9 65.1 3.78 (m)

10 129.5 –

20 123.8 7.33 (d, 2.0)

30 131.5 –

40 161.0 –

50 110.0 6.72 (d, 8.0)

60 128.7 7.20 (d, 2.0, 8.0)

70 132.0 6.54 (d, 16.0)

80 127.1 6.19 (dt, 6.0, 16.0)

90 63.9 4.18 (d, 6.0)

a Recorded in CD3OD
b 100 MHz
c 400 MHz
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(C-4, 40), 116.1 (C-5, 50), 120.0 (C-6, 60), 87.4 (C-7, 70),
55.3 (C-8, 80), 72.6 (C-9, 90), 56.4 (3, 30-OMe).

Ehletianol C (4)

A white amorphous powder; ([a]D
25 = -13.0, c = 0.3,

MeOH); 1H-NMR (CD3OD) dH 7.01 (d, 1.8 Hz, H-2), 6.73,

H-5), 6.84 (dd, 1.8, 8.4 Hz, H-6), 4.84, H-7), 4.22z (m,

H-8), 3.46 (dd, 4.8, 12.6 Hz, Ha-9), 3.70 (dd, 5.4, 12.0 Hz,

Hb-9), 6.86 (d, 1.8) Hz, H-20), 6.97 (d, 8.4 Hz, H-50), 6.71
(dd, 1.8, 8.4 Hz, H-60), 2.49 (dd, 12.0, 13.8 Hz, Ha-70),
2.92 (dd, 4.8, 13.8 Hz, Hb-70), 2.70 (m, H-80), 3.96 (dd,

6.0, 7.8 Hz, Ha-90), 3.70 (dd, 4.8, 7.8 Hz, Hb-90), 6.90 (d,

1.8 Hz, H-200), 6.76, H-500), 6.75, H-600), 4.74 (d, 7.2 Hz,

H-700), 2.35 (m, H-800), 3.63 (dd, 6.6, 11.4 Hz, Ha-900), 3.82,
Hb-900), 3.80 (s, 3-OMe), 3.83 (s, 30-OMe), 3.84 (s, 300-
OMe); 13C-NMR (CD3OD) dC 133.8 (C-1), 111.7 (C-2),

148.8 (C-3), 147.2 (C-4), 115.8 (C-5), 120.8 (C-6), 74.1 (C-

7), 87.5 (C-8), 61.9 (C-9), 136.7 (C-10), 114.2 (C-20), 151.8
(C-30), 147.9 (C-40), 119.5 (C-50), 122.4 (C-60), 33.7 (C-70),
43.7 (C-80), 73.5 (C-90), 135.7 (C-100), 110.7 (C-200), 149.0
(C-300), 147.1 (C-400), 116.0 (C-500), 119.8 (C-600), 84.0 (C-

700), 54.0 (C-800), 60.5 (C-900), 56.3 (3-OMe), 56.4 (30-
OMe), 56.6 (300-OMe).

Luteolin 7-O-b-D-glucopyranoside (5)

A yellow amorphous powder; ([a]D
25 = -47.0, c = 0.15,

MeOH); 1H-NMR (DMSO-d6) dH 6.75 (s, H-3), 6.44 (d,

J = 2.4 Hz, H-6), 6.79 (d, J = 2.4 Hz, H-8), 7.42 (d,

J = 2.4 Hz, H-20), 6.94 (d, J = 8.4 Hz, H-50), 7.60 (d,

J = 8.4 Hz, H-60), 5.08 (d, J = 7.2 Hz, H-100), 3.26 (dd,

J = 7.2, 8.4 Hz, H-020), 3.30 (t, J = 8.4 Hz, H-300), 3.18 (t,

J = 8.4 Hz, H-400), 3.45 (m, H-500), 3.48 (dd, J = 5.4,

10.2 Hz, Ha-600), 3.71(d, J = 10.2 Hz, Hb-600); 13C-NMR

(DMSO-d6) dC 164.5 (C-2), 103.2 (C-3), 181.9 (C-4),

161.1 (C-5),99.6 (C-6), 163.0 (C-7), 94.7 (C-8), 156.9 (C-

9), 105.4 (C-10), 121.4 (C-10), 113.6 (C-20), 145.8 (C-30),
149.9 (C-40), 116.0 (C-50), 119.2 (C-60), 99.9 (C-100), 73.1
(C-200), 76.4 (C-300), 69.6 (C-400), 77.2 (C-500), 60.6 (C-600).

Chrysoeriol 7-O-b-D-glucopyranoside (6)

A yellow amorphous powder; ([a]D
25 = -40.0, c = 0.1,

MeOH); 1H-NMR (DMSO-d6) dH 6.99 (s, H-3), 6.45 (d,

J = 2.4 Hz, H-6), 6.86 (d, J = 2.4 Hz, H-8), 7.59 (s, H-20),
7.20 (d, J = 8.0 Hz, H-50), 7.38 (d, J = 8.0 Hz, H-60), 3.89
(s, 3-OMe), 5.06 (d, J = 7.2 Hz, H-100), 3.27 (dd, J = 7.2,

8.4 Hz, H-200), 3.30 (t, J = 8.4 Hz, H-300), 3.17 (t,

J = 8.4 Hz, H-400), 3.45 (m Hz, H-500), 3.47 (dd, J = 5.4,

10.2 Hz, Ha-600), 3.72 (d, J = 10.2 Hz, Hb-600); 13C-NMR

(DMSO-d6) dC 164.2 (C-2), 103.5 (C-3), 182.1 (C-4),

161.1 (C-5), 99.5 (C-6), 163.0 (C-7), 95.0 (C-8), 156.9 (C-

9), 105.4 (C-10), 121.4 (C-10), 110.3 (C-20), 148.1 (C-30),
150.9 (C-40), 115.8 (C-50), 120.5 (C-60), 56.0 (3-OMe),

100.0 (C-100), 73.1 (C-200), 76.5 (C-300), 69.6 (C-400), 77.3
(C-500), 60.6 (C-600).

10a-Cucurbita-5,24-dien-3b-ol (7)

A yellow amorphous powder ([a]D
25 = ?35.0, c = 0.1,

MeOH); 1H-NMR (CDCl3) dH 3.40 (br s, H-3), 5.51 (d,

6.5 Hz, H-6), 1.73 (dd, 6.5, 21.0 Hz, Ha-7), 2.30 (dd, 7.5,

21.0 Hz, Hb-7), 1.53 (s, H-26), 1.61 (s, H-27), 0.73 (s,

H-28), 1.07 (s, H-29), 0.95 (s, H-30); 13C-NMR (CDCl3)

dC 21.2 (C- 1), 29.0 (C-2), 76.7 (C-3), 41.5 (C-4), 141.3 (C-

5), 121.6 (C-6), 24.5 (C-7), 43.7 (C-8), 34.5 (C-9), 37.9 (C-

10), 32.4 (C-11), 30.5 (C-12), 46.3 (C-13), 49.2 (C-14),

34.8 (C-15), 28.0 (C-16), 50.5 (C-17), 15.5 (C-18), 28.2 (C-

19), 35.9 (C-20), 18.7 (C-21), 36.5 (C-22), 24.9 (C-23),

125.3 (C-24), 131.0 (C-25), 17.7 (C-26), 25.8 (C-27), 17.9

(C-28), 27.3 (C-29), 25.6 (C-30).

Arvenin I (8)

A yellow amorphous powder; ([a]D
25 = -65.0, c = 0.2,

MeOH); 1H-NMR (CD3OD) dH 4.84 (H-2), 5.77 (d,

J = 1.2 Hz, H-6), 2.54 d, J = 15.6 Hz, H-12), 4.51 (t,

J = 8.0 Hz, H-16), 2.51 (d, J = 6.8 Hz, H-17), 0.83 (s,

H-18), 0.99 (s, H-19), 1.36 (s, H-21), 6.78 (d, J = 15.6 Hz,

H-23), 6.92 (d, J = 15.6 Hz, H-24), 1.52 (s, H-26), 1.50 (s,

H-27), 1.33 (s, H-28), 1.28 (s, H-29), 1.23 (s, H-30), 4.28

(d, J = 8.0 Hz, H-10), 1.96 (CH3CO);
13C-NMR (CD3OD)

dC 35.9 (C-1), 79.6 (C-2), 213.5 (C-3), 52.4 (C-4), 141.6

(C-5), 121.4 (C-6), 24.8 (C-7), 44.1 (C-8), 49.9 (C-9), 35.0

(C-10), 215.8 (C-11), 49.7 (C-12), 51.7 (C-13), 49.1 (C-

14), 46.5 (C-15), 71.8 (C-16), 60.2 (C-17), 20.7 (C-18),

20.1 (C-19), 80.3 (C-20), 25.6 (C-21), 205.4 (C-22), 122.6

(C-23), 151.5 (C-24), 81.1 (C-25), 26.5 (C-26), 26.8 (C-

27), 19.4 (C-28), 29.3 (C-29), 21.8 (C-30), 104.2 (C-10),
75.4 (C-20), 77.9 (C-30), 71.5 (C-40), 78.2 (C-50), 62.9 (C-

60), 21.9 (CH3CO), 171.9 (CH3CO).

Cytotoxic assay

Effects of 1–8 on the growth of human cancer cells were

determined by measuring the cytotoxic activity using a

3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bro-

mide (MTT) assay (Nhiem et al. 2009). Four human cancer

cell lines, including A-549 (human lung cancer), OVCAR

(human ovarian carcinoma), HT-29 (human colon adeno-

carcinoma), and MCF-7 (human breast cancer) were grown

in RPMI 1640 medium supplemented with 10 % fetal

bovine serum and penicillin/streptomycin (100 U/mL and

Chemical constituents of Trichosanthes kirilowii 1445

123



100 g/mL, respectively) at 37 �C in a humidified 5 % CO2

atmosphere. The exponentially growing cells were used

throughout the experiments. The MTT assays were per-

formed as follows: human cancer cells (1.5–2.5 9 105 -

cells/mL) were treated for 3 days with 1, 10, 30 and

100 lM of compounds. Mitoxantrone (Sigma-Aldrich,

USA; purity of mitoxantrone was C97 %) was used to final

concentrations of 1, 3, 10, and 20 lM as a reference

compound. After incubation, 0.1 mg (50 lL of a 2 mg/mL

solution) MTT (Sigma, Saint Louis, MO, USA) was added

to each well and the cells were then incubated at 37 �C for

4 h. The plates were centrifuged at 1,000 rpm for 5 min at

room temperature and the media was then carefully aspi-

rated. Dimethylsulfoxide (150 lL) was then added to each

well to dissolve the formazan crystals. The plates were read

immediately at 540 nm on a microplate reader (Amersham

Pharmacia Biotech., USA). All the experiments were per-

formed three times and the mean absorbance values were

calculated. The results are expressed as the percentage of

inhibition that produced a reduction in the absorbance by

the treatment of crude extract or solvent fractions com-

pared to the untreated controls. A dose–response curve was

generated and the inhibitory concentration of 50 % (IC50)

was determined for each compound as well as each cell

line.

Results and discussion

Using various chromatographic methods, one new lignan,

three known lignans, two flavonone glycosides, and two

cucurbitane-type triterpenes were isolated from the meth-

anol extract of the roots of T. kirilowii.

Compound 1 was obtained as a white amorphous pow-

der and its molecular formula was determined to be

C18H18O4 by HR-EI-MS at m/z 298.1203 (Calcd C18H18O4

for 298.1205). The 1H-NMR spectrum of 1 showed signals

for four protons of 1,4-disubstituted benzene at dH 6.73

(2H, d, J = 8.0 Hz) and 7.16 (2H, d, J = 8.0 Hz); three

protons of 1,2,4-trisubstituted aromatic ring with ABX

coupling patterns at dH 6.72 (1H, d, J = 8.0 Hz), 7.20 (1H,

dd, J = 2.0, 8.0 Hz), and 7.33 (1H, d, J = 2.0 Hz), and

two olefin protons at dH 6.19 (1H, dt, J = 6.0, 16.0 Hz)

and 6.54 (1H, d, J = 16.0 Hz). The 13C-NMR and DEPT

spectra of 1 revealed signals for 18 carbons, including five

quaternary at dC 129.5, 131.5, 134.2, 158.5, and 161.0,

eleven methine at dC 54.7, 88.7, 110.0, 116.3 (2 9 C),

123.8, 127.1, 128.2 (2 9 C), 128.7, 132.0, and two oxy-

methylene carbons at dC 63.9 and 65.1. The 1H- and 13C-

NMR data of 1 suggested the presence of dihydrobenzo-

furan skeleton and similar to those of cupressoside B (2)

except for the different from propyl moiety at C-10 (Xu
et al. 2006). The HMBC correlations between H-7 (dH
5.45) and C-1 (dC 134.2), C-2/C-6 (dC 128.2), and C-30 (dC
131.5), C-40 (dC 161.0), between H-2/H-6 (dH 7.16) and

C-1 (dC 134.2), C-4 (dC 158.5), and C-7 (dC 88.7) sug-

gested the position of p-hydroxylphenyl at C-7. The

HMBC correlations from H-70 (dH 6.54) to C-10 (dC 129.5),

C-20 (dC 123.8), C-60 (dC 128.7), C-80 (dC 127.1), and C-90

(dC 63.9) confirmed the presence of double bond at C-70/C-
80 and hydroxyl group at C-90 (Fig. 1). The E configuration

of the double bond was based on the coupling constant

between H-70 and H-80, JH-70-H-80 = 16.0 Hz. The large

coupling constant of H-7 and H-8, JH-7-H-8 = 6.0 Hz con-

firmed the configurations of two protons at C-7 and C-8 to

be trans. The CD spectrum of 1 ([De (nm): -4.3 (244)

and ?2.6 (222)]) proved the configurations at C-7 and C-8

to be 7R and 8S by comparing with those of cupressoside B

(a negative peat at 238 nm and a positive peak at 221 nm)

(Xu et al. 2006). Based on the above evidence, compound 1

was elucidated to be 2-(4-hydroxyphenyl)-5-(3-hydroxy-

prop-1E-en-1-yl)-2R,3S-dihydrobenzofuran and named

trichobenzolignan.

The known compounds were identified as ligballinol (2)

(Wang et al. 2009), (-)-pinoresinol (3) (Moon et al. 2008),

ehletianol C (4) (Yoshikawa et al. 1995), luteolin 7-O-b-D-
glucopyranoside (5) (Chiruvella et al. 2007), chrysoeriol 7-O-

b-D-glucopyranoside (6) (Schwaiger et al. 2006), and 10a-
cucurbita-5,24-dien-3b-ol (7) (Nes et al. 1991), and arvenin I

(8) (Kawahara et al. 2004). Their structures were established

on the basis of spectral and chemical evidence, which were in

agreement with those reported in literature (Fig. 2).

All compounds were evaluated for their cytotoxic

activities against four human cancer cell lines, A-549, HT-

29, OVCAR, and MCF-7 (Table 2). As the results, com-

pound 7 showed significant activity on HT-29 and OVCAR

cancer cell lines with IC50 values of 4.1 and 6.5 lM,

respectively, comparing with those of mitoxantrone, an

anticancer agent with IC50 of 3.1 and 8.4 lM. Compounds

1, 5, 6, and 8 exhibited moderate activities in all cancer cell

lines with IC50 ranging from 11.3 to 42.8 lM.

O

OH

HO

OH

Fig. 1 The important HMBC (H ? C) correlations of 1
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