
The Umbelliferae Centella asiatica, which has many com-
mon names including gotu kola, hydrocotyle, Indian penny-
wort, marsh penny, thick-leaved pennywort and white rot, has
been widely cultivated as a vegetable or spice in China,
Southeast Asia, India, Sri Lanka, Africa, and Oceanic coun-
tries. In the course of our search to identify the antiprolifera-
tive constituents in the Umbelliferae plants, we have found
that the MeOH extract from the aerial parts of C. asiatica in-
hibits in vitro the growth of human gastric adenocarcinoma
(MK-1), human uterine carcinoma (HeLa), and murine
melanoma (B16F10) cells, and these findings caused us to
check the active constituents in this plant.

MATERIALS AND METHODS

Instruments All the instruments and materials used
were the same as those shown in the previous paper.2) 1H-
(500 MHz) and 13C- (125 MHz) NMR spectra were measured
in pyridine-d5. Chemical shifts are expressed on the d scale
with tetramethylsilane as an internal standard. The signal as-
signment was based on comparison with data reported for
compounds having similar structures, and confirmed with the
aid of NMR spectral techniques (1H–1H COSY, 1H–13C
COSY, HMQC and HMBC).

Materials Centella asiatica was cultivated in the med-
ical plant garden of Fukuoka University, and the aerial parts
were collected in July 2000 and air-dried.

Tumor Cells MK-1 cells were provided by Professor M.
Katano of the Faculty of Medicine, Kyushu University, and
HeLa and B16F10 cells were supplied by the Cell Resource
Center for Biomedical Research, Institute of Development,
Aging and Cancer, Tohoku University.

Measurement of Antiproliferative Activity against
Tumor Cell Lines The inhibition of the cellular growth
was estimated using 3-(dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide (MTT) assay as described by Mosmann.3)

Extraction and Isolation The air-dried aerial parts of
Centella asiatica (722.7 g) were extracted with MeOH at
room temperature. The MeOH solution was concentrated in
vacuo to give dark green syrup (109.0 g). The MeOH extract
was distributed with CHCl3 and H2O. The CHCl3 solution

was concentrated in vacuo to give dark green syrup (CAW-C;
30.6 g). The H2O solution was passed through a column of
styrene polymer, Dianion HP-20. The H2O elute was concen-
trated in vacuo to give a yellow syrup (CAW-W; 51.2 g). The
column was then washed with MeOH and the eluate was
concentrated to give a brown powder (CAW-M; 19.4 g).
CAW-C (GI50: 50—100 mg/ml, �100 mg/ml, 50—100 mg/ml)
and CAW-M (GI50: 100 mg/ml, 50—100 mg/ml, 50—100
mg/ml) had dose-dependent antiproliferative activity for MK-
1, HeLa and B16F10 cells. CAW-C was separated into 15
fractions (CAW-C1—C15) by silica gel column chromatog-
raphy using CHCl3–MeOH (1 : 0→0 : 1) as the eluting sol-
vent, CAW-C1 (2.0 g), C2 (0.7 g), C3 (1.1 g), C4 (3.0 g), C5
(4.2 g), C6 (1.1 g), C7 (1.2 g), C8 (3.2 g), C9 (0.9 g), C10
(0.9 g), C11 (1.5 g), C12 (1.1 g), C13 (2.3 g), C14 (1.3 g) and
C15 (0.7 g). In these fractions, CAW-C4 (GI50: 50—100
mg/ml), C5 (GI50: 25—100 mg/ml), C6 (GI50: 6.25—25
mg/ml), C7 (GI50: 25—50 mg/ml), C8 (GI50: 50—100 mg/ml),
C9 (GI50: 25—100 mg/ml) had dose-dependent antiprolifera-
tive activity for MK-1, HeLa and B16F10 cells. At first,
CAW-C5 was purified by MCI-gel CHP20P column using
H2O–MeOH (1 : 1→0 : 1), silica gel using hexane–acetone
(1 : 1→0 : 1) and HPLC (ODS, 90% MeOH) to give 1 (2.4
mg). CAW-C6 was chromatographed on YMC gel column
(ODS) using H2O–MeOH (1 : 1→0 : 1) and HPLC (ODS,
90% MeOH) to give 2 (240 mg) and 3 (4.0 mg). CAW-C7
was chromatographed on YMC gel column (ODS) using
H2O–MeOH (1 : 1→0 : 1) and HPLC (ODS, 90% MeOH) to
give 4 (60 mg) and 5 (25 mg). CAW-8 was chromatographed
on silica gel using hexane–acetone (1 : 1→0 : 1) and YMC
gel column (ODS) using H2O–MeOH (1 : 1→0 : 1) and
HPLC (ODS, 90% MeOH) to give 6 (40 mg) and 7 (8.4 mg).
CAW-C4 was chromatographed on silica gel using
CHCl3–MeOH (1 : 0→0 : 1) and then on MCI-gel CHP20P
column using H2O–MeOH (1 : 1→0 : 1) to give 8 (200 mg).
CAW-C9 was chromatographed on YMC gel column (ODS)
using H2O–MeOH (1 : 1→0 : 1) and silica gel using hexane–
acetone (1 : 1→0 : 1) and HPLC (ODS, 100% MeOH) to give
9 (20 mg). CAW-M was separated into 9 fractions (CAW-
M1—M9) by silica gel chromatography using CHCl3–MeOH
(1 : 0→0 : 1) as the eluting solvent. In these fractions, only
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CAW-M9 had dose-dependent antiprolifeative activity for
MK-1 (GI50: 25—50 mg/ml), HeLa (GI50: 12.5—25 mg/ml)
and B16F10 (GI50: 6.25—12.5 mg/ml) cells. CAW-M9 was
further chromatographed on YMC column (ODS) using
H2O–MeOH (1 : 0→0 : 1), silica gel using CHCl3–acetone
(1 : 0→0 : 1), and YMC column (ODS) using H2O–MeOH
(1 : 0→0 : 1) to give 10 (38 mg). Compounds 1—10 were
identified as ursolic acid lactone (1),4) ursolic acid (2), 
pomolic acid (3),5,6) 2a ,3a-dihydroxyurs-12-en-28-oic acid
(4),7,8) 3-epimaslinic acid (5),8,9) asiatic acid (6),10) corosolic
acid (7),8,9) 8-acetoxy-1,9-pentadecadiene-4,6-diyn-3-ol
(8),11,12) b-sitosterol 3-O-b-glucopyranoside (9), and ros-
marinic acid (10),13) respectively, by analyses of MS and
NMR spectra and comparison of their physical data with
those reported.

RESULTS AND DISCUSSION

Antiproliferative activity-guided fractionation of the
CHCl3 (CAW-C) and MeOH (CAW-M) extracts from the aer-
ial parts of Centella asiatica resulted in the isolation of 10
compounds. Compounds 1—10 were identified as 11,12-de-
hydroursolic acid lactone (1), ursolic acid (2), pomolic acid
(3), 2a ,3a-dihydroxyurs-12-en-28-oic acid (4), 3-epi-
maslinic acid (5), asiatic acid (6), corosolic acid (7), 8-ace-
toxy-1,9-pentadecadiene-4,6-diyn-3-ol (8), b-sitosterol 3-O-
b-glucopyranoside (9), and rosmarinic acid (10), respec-
tively, by analyses of MS and NMR spectra and comparison
of their physical data with those reported.

The antiproliferative activity of the isolated compounds
was determined against MK-1, HeLa, B16F10 cells. The
50% growth inhibition (GI50) values are listed in Table 1. As
for these compounds, antiproliferative activities against MK-
1, HeLa, and B16F10 cells were concentration-dependently
increased. Among these compounds, 2 was given in largest

amount of yield in CAW-C, and it had high antiproliferative
activity (GI50: 19 mM for MK-1, 65 mM for HeLa, and 14 mM

for B16F10). Therefore, it is possible that 2 accounts for the
main part of antiproliferative activity in CAW-C. When a lac-
tone ring was formed by the C-13 and C-28 of 2, as seen in
1, antiproliferative activity was decreased as compared with
2 (Fig. 1). When a hydroxyl group was attached to the C-2 of
2, as seen in 7, only the activity against HeLa cell was in-
creased as compared with 2. When a hydroxyl group at-
tached to the C-19 of 2, as seen in 3, the activity against MK-
1 and B16F10 was decreased as compared with 2. When a
hydroxyl group attached to the C-23 of 7, as seen in 6, the
activity was just decreased as compared with 7. When a hy-
droxyl group attached to the C-3a instead of C-3b of 7, as
seen in 4, the activity was decreased as compared with 7.
There was almost no difference of the antiproliferative activ-
ity between the ursane type triterpene compound (4) and
oleanane type triterpene compound (5).

Antiproliferative activity-guided fractionation of CAW-M
resulted in the isolation of rosmarinic acid (10). Antiprolifer-
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Table 1. Antiproliferative Activities (GI50, mM) against MK-1, HeLa, and
B16F10 in Vitro

Compound MK-1 HeLa B16F10

1 90 88 194
2 19 65 14
3 55 59 29
4 59 69 44
5 55 38 36
6 40 34 34
7 21 21 19
8 91 102 109
9 �173 121 8

10 119 75 16

Fig. 1



ative activities of 10 was concentration-dependently in-
creased against only HeLa and B16F10 cells, as seen in the
antiproliferative activities of CAW-M. Therefore, it is possi-
ble that 10 is the main part of antiproliferative activity in
CAW-M.
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