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Two new cucurbitane-type triterpenes, 25-methoxycucurbita-5,23(E)-diene-3,19-diol (1) and 7-eth-

oxy-3-hydroxy-25-methoxycucurbita-5,23(E)-dien-19-al (2), together with three known cucurbitane-

type triterpenes, 3,7,25-trihydroxycucurbita-5,23(E)-dien-19-al (3), (23E)-3-hydroxy-7,25-dimeth-

oxycucurbita-5,23-dien-19-al (4), and 3-hydroxy-25-methoxycucurbita-6,23(E)-dien-19,5-olide (5),

were isolated from the fruit pulp of Momordica charantia. The structures of two new compounds were

elucidated on the basis of 1D and 2D NMR, MS, IR, optical rotation. Among these isolates, compounds 1,

2, and 5 showed slight cytotoxic activity against the SK-Hep 1 cell line with IC50 values of 33.1, 24.3, and

38.7M, respectively.

Keywords: Chinese herb; Momordica charantia; Cucurbitaceae; Cucurbitane; Cytotoxic.

INTRODUCTION

Bitter melon (Momordica charantia L.) belongs to

the family Cucurbitacea and is widely cultivated in tropical

areas, including Asia, East Africa, and South America. Tis-

sues of this plant have been used not only as a vegetable,

but also as a folk medicine for the treatment of diabetes and

bitter stomachic in Asian. Several pharmacological investi-

gations have showed that the extracts or compounds of tis-

sues of M. charantia possess cytotoxic, anti-diabetic, and

anti-inflammatory activities1-4 More than seventy cucur-

bitane-type triterpenes have been isolated from the fruits,3-14

seeds,15,16 root,17 leaves and vines18-20 of M. charantia. In

the course of our research for bioactive secondary metabo-

lites from Taiwanese M. charantia, we had reported the iso-

lation and structure elucidation of twenty-five cucurbitane-

type triterpenoids from the MeOH extract of the stems of

this plant.21-25

In the continuing phytochemical investigation on M.

charantia, we further identified two new cucurbitane-type



triterpenoids, 25-methoxycucurbita-5,23(E)-diene-3,19-

diol (1) and 7-ethoxy-3-hydroxy-25-methoxycucurbita-

5,23(E)-dien-19-al (2), together with three known tri-

terpenes, 3,7,25-trihydroxycucurbita-5,23(E)-dien-19-

al (3),11,26 (23E)-3-hydroxy-7,25-dimethoxycucurbita-

5,23-dien-19-al (4),6 and 3-hydroxy-25-methoxycucur-

bita-6,23(E)-dien-19,5-olide (5),20 from the fruit pulp of

M. charantia (Figure 1). In this paper, we reported the iso-

lation, structure elucidation and cytotoxic activity of com-

pounds 1-5.

RESULTS AND DISCUSSION

Compound 1 was deduced to be a triterpenoid due to a

positive Liebermann-Burchard test. The IR spectrum re-

vealed the informative absorption bands at 3378, 3052,

1664, 973, 837 cm-1 duo to hydroxyl and double bond

groups, respectively. The 1H and 13C NMR spectra of 1 (Ta-

ble 1) demonstrated six tertiary methyls [H 0.80, 0.87,

1.00, 1.12 (3H each, s), 1.23 (3H × 2, s)], a secondary
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methyl [H 0.88 (3H, d, J = 6.4 Hz)], a methoxy [H 3.12

(3H, s);C 50.2 (q)], an oxymethylene [H 3.35 (1H, d, J =

10.8 Hz); 3.53 (1H, d, J = 10.8 Hz);C 68.9 (t, C-19)], and

an oxymethine [H 3.47 (1H, br s);C 76.5 (d)]. Moreover,

the signals for a trisubstituted double bond [H 5.63 (1H, d,

J = 6.4 Hz;C 122.5 (d), 141.1 (s)] and a (E)-configured

trans-oriented disubstituted double bond [H 5.36 (1H, d, J

= 15.6 Hz), 5.50 (1H, ddd, J = 5.6, 8.4, 15.6 Hz);C 128.6

(d), 136.6 (d)] were also observed. 31 carbon signals were

found in the 13C NMR spectrum of 1 and were assigned by a

DEPT experiment as seven aliphatic methyl, eight aliphatic

methylene, four aliphatic methine, four aliphatic quater-

nary, three olefinic methine, one quaternary olefinic, one

secondary oxygenated, one tertiary oxygenated, one qua-

ternary oxygenated, and one methoxy carbons. Its high res-

olution electron impact mass spectrum (HR-EI-MS) showed

a molecular ion peak at m/z 472.3914, which corresponded

to the molecular formula, C31H52O3, indicating six degrees

of unsaturation. Two degrees of unsaturation were attribut-

able to a disubstituted and a trisubstituted olefin moiety,

and the remaining four units of unsaturation were ac-

counted for the tetracyclic skeleton. On the basis of above

spectral evidences and the fact that the major tetracyclic

triterpenoids biosysthsized by the genus Momordica plants

are cucurbitane-type triterpenes, compound 1 was tenta-

tively proposed to exhibit the structure of 3-hydroxy-25-

methoxycucurbita-5,23(E)-diene. By comparison of the 1H

and 13C NMR data with those of the known compound,

23(E)-25-methoxycucurbita-5,23-diene-3,7-diol,21 in-

dicated that both compounds exhibited identical structure

in the side chain, the obvious differences occur in the sig-

nals of C-5—C-11 and C-19 of tetracyclic skeleton. The

NMR signals of methyl at C-19 and oxygenated methine at

C-7 were absent in 1, replaced by that of a primary alcohol

[H 3.35 (1H, d, J = 10.8 Hz); 3.53 (1H, d, J = 10.8 Hz);C

Fig. 1. Structures of compounds 1-5 from M. char-

antia.



Table 1. 1H and 13H NMR Data for 1 and 2 (400 and 100 MHz in

CDCl3)

1                   2

No.

C      H      C      H

1             20.3  1.42 m, 1.58 m   20.8  1.48 m, 1.58 m

2             28.9  1.72 m, 1.84 m   28.5  1.76 m, 1.93 m

3             76.5  3.47 br s         76.3  3.56 br s

4             41.4                  41.6

5            141.1                 145.8

6            122.5  5.63 d (6.4)     122.6  5.90 dd (5.2,

1.2)

7             24.7  1.84 m, 2.38 m   73.1  3.54 s

8             36.1  2.25 d (8.0)      45.0  2.02 s

9             38.9                  49.9

10            37.2  2.34 m          36.0  2.46 dd (12.8,

4.8)

11            26.4  1.42 m, 1.62 m   22.3  1.40 m, 2.34 m

12            29.8  1.52 m, 1.68 m   28.9  1.58 m, 1.64 m

13            45.9                  45.6

14            49.0                  47.4

15            34.9  1.20 m          34.8  1.34 m

16            27.8  1.30 m, 1.88 m   27.4  1.34 m, 1.91 m

17            50.1  1.48 m          49.9  1.50 m

18            14.9  0.87 s           14.9  0.90 s

19            68.9  3.35 d (10.8),   206.9  9.78 s

3.53 d (10.8) a

20            36.1  1.48 m          36.1  1.52 m

21            18.8  0.88 d (6.4)      18.7  0.89 d (6.0)

22            39.4  1.74 m, 2.14 m   39.4  1.76 m, 2.18 m

23           128.6  5.50 ddd (15.6, 128.3  5.50 ddd (15.6,

8.4, 5.6)                8.4, 5.6)

24           136.6  5.36 d (15.6)    136.9  5.39 d (15.6)

25            74.9                  74.8

26            25.8  1.23 s           25.8  1.23 s

27            26.1  1.23 s           26.1  1.23 s

28            27.0  1.00 s           27.0  1.05 s

29            25.5  1.12 s           25.3  1.25 s

30            17.9  0.80 s           18.2  0.74 s

25-OCH3     50.2  3.12 s           50.3  3.12 s

7-OCH2CH3                       63.6  3.34 m, 3.45 m

7-OCH2CH3                       15.5  1.12 t (6.8)

a Coupling constants are presented in Hz.

68.9 (t, C-19)], and a methylene [H 1.84 (m); 2.38 (m);C

24.7 (t, C-7)], respectively. The HMBC correlations (Fig-

ure 2) between H-19 (H 3.35, 3.53)/C-8 (C 36.1 (d)), C-9

(C 38.9 (s)), C-10 (C 37.2 (d)), C-11 (C 26.4 (t)) and H-8

(H 2.25)/C-19 (C 68.9 (t)) confirmed that the hydroxyl

group was attached on C-19. Furthermore, the methylene

group positioned at C-7, which is also assured by the

HMBC correlations between H-7/C-5 (C 141.1 (s)), C-6

(C 122.5 (d)), C-8, C-9, and C-14 (C 49.0 (s)) and H-8 (H

2.25)/C-7 (C 24.7 (t)) (Figure 2). The relative configura-
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tions of sterogenic carbon atoms in the tetracyclic rings

were determined by significant NOE correlations between

H-3 (H 3.47)/Me-28 (H 1.00), H-3/Me-29 (H 1.12), H-10

(H 2.34)/Me-28, H-10/Me-30 (H 0.80), H-19 (H 3.35,

3.53)/H-8 (H 2.25), H-19/Me-18 (H 0.87), Me-18/H-20

(H 1.48), Me-18/H-8, Me-30/H-10, and Me-30/H-17 (H

1.48) in the NOESY spectrum (Figure 2). From the above

evidences, compound 1 was determined as 25-methoxy-

cucurbita-5,23(E)-diene-3,19-diol. Complete 1H and 13C

NMR chemical shifts were established by 1H-1H COSY,

HMQC, HMBC, and NOESY spectra.

Compound 2 was deduced to be a triterpenoid due to a

positive Liebermann-Burchard test. Its HR-EI-MS spec-

trum showed an [M]+ ion at m/z 514.4028, which was con-

sistent with the molecular formula C33H54O4, indicating

seven degrees of unsaturation. The IR spectrum indicated

the presence of hydroxyl (3447 cm-1), (E)-configured dou-

ble-bond (3057, 1664, 977 cm-1) and aldehyde (2872,

2750, 1713 cm-1) functionalities. The 1H and 13C NMR

spectra of 2 (Table 1) displayed signals characteristic of the

presence of six tertiary methyls [H 0.74, 0.90, 1.05, 1.25

(3H each, s) and 1.23 (3H × 2, s)], one secondary methyl

(H 0.89 (3H, d, J = 6.0 Hz)], a methoxy [H 3.12 (3H, s);C

50.3 (q)], and an ethoxy group [H 1.12 (3H, t, J = 6.8 Hz),

3.34, 3.45 (each 1H, m);C 15.5 (q), 63.6 (t)]. In addition,

the resonances for a trisubstituted double bond [H 5.90

(1H, dd, J = 1.2, 5.2 Hz);C 122.2 (d), 145.8 (s)] and a

(E)-configured double bond [H 5.39 (1H, d, J =15.6 Hz),

5.50 (1H, ddd, J = 5.6, 8.4, 15.6 Hz);C 128.3 (d), 136.9

(d)] were also observed. The 13C-NMR spectrum of 2 re-

vealed 33 carbon signals, which were assigned by DEPT

experiments as eight aliphatic methyl, seven aliphatic

methylene, four aliphatic methines, four aliphatic quater-

nary, three olefinic methines, one quaternary olefinic, one

secondary oxygenated, two tertiary oxygenated, one qua-

Fig. 2. Main HMBC and NOESY correlations of com-

pounds 1 and 2.



ternary oxygenated, one methoxy, and one aldehyde car-

bons. The 1H and 13C NMR data showed marked similarity

with those of 3-hydroxy-7,25-dimethoxycucurbit-

5,23(E)-diene,22 except for the signals of C-6—C-12 and

C-19 of the tetracyclic skeleton and a set of ethoxy group.

The NMR signals of methoxy group were absent in 2, re-

placed by that of an ethoxy group [H 1.12 (3H, t, J = 6.8

Hz), 3.34, 3.45 (each 1H, m);C 15.5 (q), 63.6 (t)]. The

HMBC correlations between H-1’ (H 3.34, 3.45)/C(7)(C

73.1(d)) confirmed that the ethoxy group was located at

C-7 (Figure 2). The relative configurations of stereogenic

carbon atoms in the tetracyclic rings were determined by

significant NOE correlations between Me-28 (H 1.05)/H-3

(H 3.56), H-10 (H 2.46)/Me-28, H-10/Me-30 (H 0.74),

H-8 (H 2.02)/ H-19 (H 9.78), H-8/H-1’, H-8/Me-18 (H

0.90), Me-30/H-7 (H 3.54), and Me-30/H-17 (H 1.50) in

the NOESY spectrum (Figure 2). Therefore compound 2

was determined to be 7-ethoxy-3-hydroxy-25-methoxy-

cucurbita-5,23(E)-dien-19-al.

These cucurbitane-type triterpenes were evaluated

for their cytotoxic activity against human hepatoma SK-

Hep 1 cells with etoposide as a positive control (IC50 = 3.7

M). After 48 h of culture, compounds 1, 2, and 5 showed

slight growth inhibitory activity against the SK-Hep 1 cell

line with IC50 values of 33.1, 24.3, and 38.7M, respec-

tively. Compounds 3 and 4 were inactive with IC50 values

of more than 50M.

EXPERIMENTAL SECTION

General Experimental Procedures

Optical rotations were measured by using a JASCO DIP-

180 digital spectropolarimeter. UV spectra were measured in

MeOH using a Shimadzu UV-1601PC spectrophotometer. IR

spectra were recorded on a Nicolet 510P FT-IR spectrometer.

NMR spectra were recorded in CDCl3 at room temperature on a

Varian Mercury plus 400 NMR spectrometer, and the solvent res-

onance was used as internal shift reference [tetramethyl silane

(TMS) as standard]. The 2D NMR spectra were recorded by using

standard pulse sequences. EI-MS and HR-EI-MS were recorded

on Finnigan TSQ-700 and JEOL SX-102A mass spectrometers,

respectively. TLC was performed on silica gel 60 F254 plates

(Merck, Germany). Column chromatography was performed on

silica gel (230-400 mesh ASTM, Merck). Semi-preparative

HPLC was conducted on a Lichrosorb silica gel 60 column (7m,

250 10 mm) using a RI detector.

Plant Material

The fruit pulp of Momordica charantia was collected in



Pingtung County, Taiwan, in July 2006. The plant material was

identified by Prof. Sheng-Zehn Yang, Curator of Herbarium, Na-

tional Pingtung University of Science and Technology. A voucher

specimen (no. BT114) was deposited in the Department of Bio-

logical Science and Technology, National Pingtung University of

Science and Technology, Pingtung, Taiwan.

Extraction and Isolation

The fruit pulp of M. charantia (35.7 kg) was dried in a hot

air circulating oven at 50 °C and then was extracted three times

with methanol (100 L) at room temperature (7 days each). The

MeOH extract was evaporated in vacuo to afford a black residue,

which was suspended in H2O (4 L), and then partitioned sequen-

tially using EtOAc and n-BuOH (4 L 3). The n-BuOH fraction

(937 g) was chromatographed over Diaion HP-20 (120 × 10 cm),

using mixtures of water and MeOH of increasing polarity as elu-

ents. Twenty-six fractions were collected as follows: fr. 1 [8000

mL, waterMeOH (40:10)], fr. 2 [6000 mL, waterMeOH (38:

12)], fr. 3 [3000 mL, waterMeOH (36:14)], fr. 4 [5000 mL, wa -

terMeOH (34:16)], fr. 5 [5000 mL, waterMeOH (32:18)], fr. 6

[3000 mL, waterMeOH (30:20)], fr. 7 [4000 mL, waterMeOH

(28:22)], fr. 8 [6000 mL, waterMeOH (26:24)], fr. 9 [4000 mL,

waterMeOH (24:26)], fr. 10 [5000 mL, waterMeOH (22:28)],

fr. 11 [3000 mL, waterMeOH (20:30)], fr. 12 [3000 mL, water

MeOH (18:32)], fr. 13 [5000 mL, waterMeOH (16:34)], fr. 14

[4000 mL, waterMeOH (14:36)], fr. 15 [4000 mL, waterMeOH

(12:38)], fr. 16 [2000 mL, waterMeOH (10:40)], fr. 17 [3000

mL, waterMeOH (9:41)], fr. 18 [3000 mL, waterMeOH (8:

42)], fr. 19 [3000 mL, waterMeOH (7:43)], fr. 20 [2000 mL, wa-

terMeOH (6:44)], fr. 21 [3000 mL, waterMeOH (5:45)], fr. 22

[3000 mL, waterMeOH (4:46)], fr. 23 [4000 mL, waterMeOH

(3:47)], fr. 24 [3000 mL, waterMeOH (2:48)], fr. 25 [3000 mL,

waterMeOH (1:49)], fr. 26 [8000 mL, MeOH]. Fraction 16 (22.7

g) was further chromatographed on a silica gel column (45 × 5

cm), eluted with CH2Cl2-MeOH (20:1 to 0:l), to obtain four frac-

tion (each about 800 mL), 16A-16D. Fr. 16C was subjected to col-

umn chromatography over silica gel eluted with hexane-acetone

(10:1) and semi-preparative HPLC eluted with CH2Cl2-lsopro-

pylalcohol (20:1) at 2 mL/min yield 2 (8 mg, tR = 20.4 min) and 5

(21 mg, tR = 24.5 min). HPLC fractionation of 16D eluted with

CH2Cl2-isopropylalcohol (20:1) at 2 mL/min yield 1 (9 mg, tR =

20.5 min) and 4 (11 mg, tR = 23.8 min). Fraction 22 (18.2 g) was

further purified through a silica gel column (45 × 5 cm), eluted

with CH2Cl 2-MeOH (20:1 to 0:1) to obtain six fraction (each

about 600 mL), 22A-22F. Fr. 22B was subjected to column chro-

matography over silica gel eluted with hexane-acetone (20:1) and

semi-preparative HPLC eluted with CH 2Cl 2-EtOAc (3:2) at 2

mL/min yield 3 (18 mg, tR = 17.4 min).



Cytotoxicity assay

The MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-

zolium bromide] colorimetric method was adopted to test the

cytotoxicity of compounds 15.27 SK-Hep 1 cell lines were main-

tained in Dulbecco’s modified Eagle’s medium (DMEM) supple-

mented with 10% fetal bovine serum, L-glutamine 2 mM, 1%

penicillin/streptomycin (penicillin 10000 U/mL and streptomycin

10 mg/mL) in a humidified atmosphere of 5% CO2 at 37 °C. A

volume of SK-Hep 1 cells 100L at a density of 1 × 105 cells/mL

was incubated under the same conditions for 24 h in a 96-well

flat-bottomed microplate. Test samples dissolved in DMSO were

applied to the wells of a 96-well plate in triplicate. After 2 days of

incubation, the wells were further incubated with MTT (100

L/well concentrated at 5 mg/mL) at 37 °C for 4 h to allow MTT

formazan formation. After removing the medium, 200L of

DMSO was added to redissolve the formazan crystals. The

absorbance of the resulting formazan was read using an en-

zyme-linked immunosorbent assay plate reader at 550 nm. The

ratio of cell viability (%) was calculated using the following for-

mula: [(experimental absorbance - background absorbance)/(con-

trol absorbance - background absorbance)] × 100. The IC50 value

resulting from 50% inhibition of cell growth was calculated

graphically as a comparison with the control.

25-Methoxycucurbita-5,23(E)-diene-3,19-diol (1)

Amorphous white powder; [] 25 +23.9° (c 0.54, CHCl3); IR

(KBr) max 3378, 3052, 2970, 2940, 2867, 1664, 1465, 1377,

1250, 1168, 1075, 1031, 973, 837, 739, 700 cm-l; 1H and 13C NMR

data, see Table 1; EI-MS (70 eV) m/z (rel. int.): [M]+ 472 (1), 454

(3), 436 (8), 423 (23), 391 (63), 389 (53), 335 (24), 309 (60), 239

(25), 213 (30), 187 (55), 173 (70), 147 (47), 119 (80), 109 (72), 91

(85), 79 (100); HR-EI-MS m/z 472.3914 (calcd for C 31H 52O 3

472.3918).

7-Ethoxy-3-hydroxy-25-methoxycucurbita-5,23(E)-dien-

19-al (2)

Amorphous white powder; [] 25 +60.4° (c 0.15, CHCl3); IR

(KBr) max 3447, 3057, 2970, 2936, 2872, 2750, 1713, 1664,

1645, 1377, 1210, 1168, 1080, 999, 977, 944, 734, 700 cm-l; 1H

and 13 C NMR data, see Table 1; EI-MS (70 eV) m/z (rel. int.):

+

(53), 475 (22), 353 (14), 321 (10), 309 (28), 305 (96), 209 (80),

203 (55), 187 (57), 172 (87), 157 (65), 123 (100), 109 (93), 95

(89), 81 (79); HR-EI-MS m/z 514.4028 (calcd for C 33H 54O 4

514.4024).
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