
Substantial attention has been given to primary cancer pre-
vention in daily life.1) Inhibition of the tumor promotion step
by various plant constituents is thought to be able to prevent
cancer development. In the course of our studies on the isola-
tion and structural elucidation of biologically active con-
stituents from plant sources, we have reported antibacter-
ial,2,3) antiandrogenic,4,5) cell differentiating,6,7) and antitu-
mor-promoting compounds.8) To take advantage of the
woody plant resources of Japan, and in particular to find
novel antitumor-promoting constituents, 100 woody plants
were screened using a soft agar colony assay with JB6 mouse
epidermal cells.9)

Anchorage-dependent preneoplastic cells (JB6 cells) are
transformed into anchorage independent neoplastic cells by
treatment with a promoter, 12-O-tetradecanoylphorbol-13-
acetate (TPA), and are then able to grow in soft agar.10) We
observed that a MeOH extract of the woody parts of
Chaenomeles sinensis KOEHNE (Japanese name Karin) had an
inhibitory effect on soft agar colony induction by TPA. C.
sinensis is a woody plant found in eastern Asia, and is widely
distributed as an ornamental tree in Japan. The fruit of this
plant is known as Mu Gua in China and is used to treat throat
diseases in traditional Chinese medicine and has been uti-
lized in numerous Chinese health beverages. In Japan, the
juice of this fruit is usually added to lozenges to treat throat
swelling and coughing.

The EtOAc soluble fraction of the MeOH extract showed
potent activity, and thus the fraction was purified using re-
peated silica gel column chromatography and HPLC on an
ODS column, giving numerous triterpene derivatives along
with lignan, flavone, and isoflavone derivatives. The MeOH
eluate from a Diaion HP20 column purification of a hot
water extract of the MeOH extraction residue, which was
also purified by silica gel column chromatography and

HPLC, gave lignan glycosides at relatively high yields. Some
of these compounds were tested for antitumor-promoting ac-
tivity.

This report describes the isolation and structural elucida-
tion of constituents isolated from C. sinensis twigs and their
antitumor-promoting activities.

Results and Discussion
Constituents and Their Structures More than a hun-

dred MeOH extracts of woody plants were tested and several
active extracts were identified. MeOH extracts of C. sinensis
twigs showed potent antitumor-promoting activity. Three
fractions were tested and the EtOAc soluble fraction (CSMA)
showed the most potent activity, although the n-BuOH solu-
ble fraction (CSMB) also showed activity (Table 1). The
MeOH eluate (CSWM) showed a similar TLC pattern as the
CSMB. Therefore, CSMA and CSWM were purified by
means of repeated silica gel column chromatography and
HPLC using an ODS column to give 22 compounds. Com-
pounds 1—3 were identified as lyoniresinol-2a-a-L-rhamno-
pyranoside (1),11) lyoniresinol-2a-b-D-glucopyranoside (2),12)

and aviculin (3),13) respectively, based on 1H-, 13C-NMR and
MS data. Some of the 1H- and 13C-NMR data for 1 showed
overlapping signals. This suggested that 1 could be a di-
astereomeric mixture containing enantiomeric aglycone parts
that were not separated. The acetylation of 1 gave two hexa-
acetates 1a and 1b (ratio; 1a : 1b53 : 2) and these were easily
separated. Compound 1 gave an aglycone (19), lyoniresinol,
and methyl rhamnoside. The optical rotation of 19 showed a
positive value ([a]D 15.0°), which was lower than reported
data ([a]D 113.3°).12) These data indicated that 1 was a mix-
ture of (1)-lyoniresinol- and (2)-lyoniresinol-a-L-rhamno-
pyranosides, with (1)-lyoniresinol-a-L-rhamno-pyranoside
being predominant. Compounds 4, 5, 7, 9—11 were identi-
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Primary screening of antitumor-promoting activity using soft agar colony assays with JB6 cells was em-
ployed to isolate 22 compounds from Chaenomeles sinensis KOEHNE. These compounds were lyoniresinol-2a-O-aa-
L-rhamnopyranoside (1), lyoniresinol-2a-O-bb-D-glucopyranoside (2), aviculin (3), betulinic acid (4), betulin (5), 3-
O-(E )-p-coumaroylbetulin (6), 3-O-(E )-caffeoylbetulin (7), 3-O-(Z)-p-coumaroylbetulin (8), 3-O-(E )-caffeoyllu-
peol (9), alphitolic acid (10), sorbikortal II (11), tormentic acid (12), euscaphic acid (13), corosolic acid (14),
maslinic acid (15), erythrodiol (16), 1-bb-D-glucopyranosyloxy-3,4,5-trimethoxybenzene (17), avicularin (18), 7-O-
bb-D-glucopyranosylkaempferol (19), 5-O-bb-D-glucopyranosylgenistein (20), 7-O-bb-D-glucopyranosylgenistein (21),
epicatechin (22), and bb-sitosterol (23) and were identified using spectral data such as MS, 1H- and 13C-NMR.
Compound 1, having a rhamnosyl group, showed greater activity than 2, having a glucosyl group, and 3, which
was a bis-demethoxy derivative of 1. Betulinic acid (4), having a C-28 carboxyl group, 3-O-(E )-caffeoylbetulin (7),
and tormentic acid (12) showed more potent activity than betulin (5), which has a C-28 hydroxymethyl group.
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fied as the lupane-type triterpenes betulinic acid (4),14) be-
tulin (5),14) 3-O-(E)-p-coumaroylbetulin (6),15) 3-O-(E)-
cafffeoylbetulin (7),16) 3-O-(Z)-p-coumaroylbetulin (8),15) 3-
O-(E)-caffeoyllupeol (9),16) alphitolic acid (10),17) and
ilekudinol C (11).18) Compounds 12—14 were identified as
the ursane-type triterpenes tormentic acid (12),17) euscaphic
acid (13),17) and corosolic acid (14).17) Compounds 15 and 16
were identified as the oleanane-type triterpenes maslinic acid
(15)17) and erythrodiol (16).19) Compounds 17—22 were
identified as aromatic and flavonoid derivatives; 1-b-D-glu-
copyranosyloxy-3,4,5-trimethoxybenzene (17),20) avicularin
(18),21) kaempferol-7-O-b-D-glucopyranoside (19),22) 5-O-b-
D-glucopyranosylgenistein (20),23) 7-O-b-D-glucopyranosyl-
genistein (21)24) and epicatechin (22). Compound 23 was
identified as b-sitosterol.

Antitumor-Promoting Activity Eleven compounds, 1—
7, 12, 17, 22 and 23, which were isolated in relatively high
yields, were tested for antitumor-promoting activity. The re-
sults are shown in Table 2. Betulinic acid (4), having a lu-
pane skeleton and a 28-carboxyl group, showed the most po-
tent inhibitory activity (IC50 5.5 mM) against soft agar colony
induction by TPA in JB6 cells. Betulin (5), with a 28-hy-
droxyl group, showed weaker activity (IC50 20.9 mM). This
indicated that converting the C-28 carboxyl group to a hy-
droxymethyl group decreased the activity by 1/4. The car-
boxyl group at C-28 in lupane-type compounds was therefore
important for inhibitory activity. 3-O-(E)-p-Coumaroylbe-
tulin (6) and 3-O-(E)-caffeoylbetuline (7) exhibited more po-
tent activity than 5. Caffeoylation and p-cinnamoylation at C-
3 of betuline (5) increased the activity to a level comparable
to that of 4. This indicated that esterfication of lupane-type
alcohols with phenylpropanoid-type carboxylic acid en-
hances inhibitory activity. Betulinic acid (4) is a pentacyclic
lupane-type triterpene and is one of most common lupan-
type triterpenes in plants. It has several botanical sources, but
was found in abundance in the bark of white birch trees (Be-
tula alba). Betulinic acid (4) is known to exert several bio-
logical activities, such as anti-tumor activity,25,26) apoptosis
inducing activity,27,28) inhibitory activity against HIV,29,30) and
anti-malarial activity.31) Betulinic acid (4) is not poisonous

and is relatively inexpensive because it is abundantly avail-
able from white birch bark. Tormentic acid (12), which has
an ursane-skeleton, also showed potent suppressing activity
(IC50 7.8 mM) against soft agar colony formation. This indi-
cated that the carboxyl group of the triterpenes was impor-
tant for this activity.
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Table 1. Inhibitory Effects of CSM, CSMA, CSMB, and CSMW on Soft
Agar Colony Induction by TPA in JB6 Cells (TPA 1 ng/ml)

Max. dose Cell survival 
Soft agar colony induction

Fraction testeda) % at 
(mg/ml) max. conc.

% of TPA IC50

controlb) (mg/ml)

CSM 30.0 97.8 3.2 6.3
CSMA 10.0 89.0 8.4 3.3
CSMB 30.0 101.2 23.7 9.7
CSMW 30.0 114.9 55.1 50.1

a) Maximum dose of samples was determined from the cytotoxicity test results. b)
Percentage is the average of two independent experiments in Cl 22 and Cl 41 cell lines
of JB6 cells.

Table 2. Inhibitory Effects of Compounds from C. sinensis on Soft Agar
Colony Induction by TPA in JB6 Cells (TPA 1 ng/ml)

Max. dose Cell survival
Soft agar colony induction

Compound testeda) % at 
(mg/ml) max. conc.

% of TPA- IC50

controlb) (mM)

1 30.0 94.9 25.6 8.9
2 30.0 94.1 73.3 .17.2
3 10.0 105.0 71.4 .20.1
4 10.0 99.4 24.1 5.5
5 30.0 97.6 39.3 20.9
6 10.0 58.6 12.8 7.0
7 30.0 72.7 26.5 5.6

12 10.0 90.2 0 7.8
17 10.0 86.0 82.0 .28.9
22 10.0 81.1 68.2 .34.5
23 30.0 114.0 40.4 39.6

a) Maximum doses of samples were determined from the cytotoxicity test results.
b) Percentage is the average of two independent experiments in JB6 Cl 22 and Cl 41
cell lines.



Lyoniresinol-rhamnoside (1) also showed potent suppress-
ing activity (IC50 8.9 mM) towards neoplastic transformation
of JB6 cells treated with TPA. Lyoniresinol-glucoside (2) and
aviculin (3) demonstrated lower inhibitory activity on soft
agar colony induction. The aglycon (19) exhibited greatly re-
duced inhibitory activity (data not shown). This indicates that
sugars attached to lyoniresinol were important and that the
methoxyl groups on the lignan part were also important for
the inhibitory activity.

Compound 22 [(2)-epicatechin] exerted poor preventive
activity against soft colony induction in JB6 cells. This result
was different from that of (1)-catechin, which showed more
potent activity (IC50 45.1 mM).8)

We are interested in the contributions of the functional
groups of triterpenoids and lignans to their antitumor-pro-
moting activity. We isolated numerous lupane-type, ursane-
type, and oleanane-type triterpenes, but we were unable to
carry out antitumor-promoting testing for all of them because
of the low yields of these samples. In the future, we hope to
investigate the antitumor-promoting activity of a wide range
of triterpene derivatives that are more abundant in plant
sources.

Experimental
General Experimental Methods NMR measurements were carried out

on a JEOL a-500 spectrometer at 500 MHz (1H) and 125 MHz (13C) with
tetramethylsilane as an internal standard. FAB-MS data were recorded on a
JEOL HX 110 mass spectrometer. HPLC was carried out using a reverse-
phase column (YMC R-ODS-5A) with a CH3CN–H2O and MeOH–H2O sol-
vent system and was monitored at 210 nm. Silica gel 60 (Merck) was used
for column chromatography. TLC was carried out using precoated silica gel
60F254 plates (Merck). Cell incubation assays were performed in a CO2 gas
incubator.

Plant Material C. sinensis twigs were collected from a farm in Hiro-
shima Prefecture, Japan, in June 2000 and after collection, were air-dried.

Extraction and Isolation of Plant Constituents Chipped twigs of C.
sinensis (2.5 kg) were extracted with MeOH under reflux to give a methanol
extract (CSM), which was suspended in water and then extracted with
AcOEt to give an AcOEt fraction (CSMA) (62 g) and an aqueous layer. The
aqueous layer was extracted with n-BuOH to give an n-BuOH fraction
(CSMB) (89 g) and an aqueous fraction (CSMW). The MeOH extraction
residue was extracted with water under reflux to give an aqueous extract,
which was subjected to chromatography on a Diaion HP20 column, washed
with water, and eluted with MeOH to give a MeOH eluate (CSWM) (50 g).
The most active AcOEt soluble fraction (CSMA) (60 g) was subjected to
chromatography on a silica gel column with a CHCl3–MeOH gradient sys-
tem, and afforded 9 fractions. Fraction 5 (12.1 g) was run through a silica gel
column using a hexane–AcOEt gradient system and the resultant subfrac-
tions were further purified by HPLC using a reverse-phase (ODS) column to
give 4 (103 mg), 5 (174 mg), 6 (18 mg), 8 (6 mg), 16 (20 mg), and 23
(75 mg). Fraction 7 (12.1 g) was subjected to chromatography on a silica gel
column using a CHCl3–MeOH gradient system. The given subfractions were
further purified by HPLC to give 7 (157 mg), 9 (5 mg), 10 (8 mg), 11
(12 mg), 12 (18 mg), 13 (3 mg), 14 (5 mg), and 15 (6 mg). Fraction 9 (19.3 g)
gave 1 (6 mg), 2 (3 mg), 3 (3 mg), 18 (5 mg), 19 (6 mg), 20 (16 mg) and 22
(8 mg) after silica gel column and HPLC purification. The MeOH eluate
(CSWM) (50 g) was first subjected to chromatography on a silica gel column
using a CHCl3–MeOH gradient system, followed by HPLC to give 1
(1.27 g), 2 (31 mg), 3 (13 mg), 17 (144 mg), and 22 (150 mg). The structures
of known constituents were identified from 1H-, 13C-NMR and MS data.
Some of these compounds were confirmed by two dimensional (2D) NMR
experiments such as heteronuclear multiple bond connectivity (HMBC) and
1H-detected heteronuclear multiple quantum coherence (HMQC).

Chemicals TPA (Eden Prairie, MN, U.S.A.), MEM (Nissui Pharmaceu-
tical Co. Ltd., Tokyo), fetal bovine serum (FBS) (Biofluids, Rockville, MD,
U.S.A.), Bacto Agar (Difco laboratories, U.S.A.).

Cells JB6 (Cl 22, Cl 41) cells, kindly provided by N. H. Colburn (NCI,
Frederick, MD, U.S.A.), were grown at 36.5 °C in 8% FBS (fetal bovine
serum)-MEM medium in a CO2 incubator.

Cell Survival In order to determine the maximal doses of test materials
for antitumor-promoting activity assays, cytotoxicity experiments were per-
formed. JB6 Cl 22 and Cl 41 cells (density; 13104 cells/well) cultured
overnight in 48-well dishes were treated with samples at six concentrations
(0, 1, 3, 10, 30, 100 mg/ml) with or without TPA (1 ng/ml) and were incu-
bated for three additional days. Cell growth was compared with that in the
solvent control using the crystal violet staining method. The maximal con-
centration used in a soft agar experiment was usually the concentration that
resulted in 80% or greater cell survival.

Soft Agar Colony Assay Antitumor-promoting activity was estimated
based on inhibition of soft agar colony induction by TPA in the JB6 Cl 22
and Cl 41 cell lines, as previously described (10). Cells growing logarithmi-
cally in a monolayer culture were trypsinized and suspended in 0.33% agar
medium containing 10% FBS and 1 ng/ml TPA (1.631029

M) with or with-
out samples at the concentrations indicated in Tables 1 and 2. In duplicate
60-mm Petri dishes, 1.5 ml of the suspension (13104 cells) was poured onto
an agar layer containing the same concentration of TPA and/or sample. Soft
agar colonies of 8 or more cells were counted after 2 weeks of incubation.
The inhibitory activities were expressed as a percentage of that of the TPA
control, and were the average of two independent experiments using Cl 22
and Cl 41.
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