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In our preliminary screening study on the anti-inflammatory activity, a new triterpene compound, acer-
anol acetate (1), was isolated along with five known compounds: b-amyrin acetate (2); glutinol acetate
(3); friedelin (4); glutinol (5); (3b)-D-glucopyranoside-stigmast-5-en-3-yl (6), from the stems and leaves
of Acer mandshuricum. The structure of the new triterpene was determined to be 5a,6a-epidioxy-5b,6b-
epoxy-9,13-dimethyl-25,26-dinoroleanan-3b-ol acetate by spectroscopic studies. Compounds 2–6 were
isolated from this plant for the first. Five triterpene compounds (1–5) showed significant cytotoxic activ-
ity with GI50 in the range of 11.1–17.9 lM, whereas steroid compound (6) exhibited moderate activity
against four human cancer cell lines (HL-60, SK-OV-3, A549, and HT-29). Furthermore, the anti-inflam-
matory effects of compounds 1–6 in the non-cytotoxic concentrations (1–100 nM) were evaluated for
the inhibitory activity of TNF-a secretion in the lipopolysaccharide (LPS)-stimulated murine RAW264.7
macrophage cell line. Among the compounds tested, compound 2 showed the strongest anti-inflamma-
tory activity with the inhibition rate up to 38.40% at the concentration of 100 nM, whereas other five
compounds (2–6) exhibited moderate activity.

� 2010 Elsevier Ltd. All rights reserved.
Acer mandshuricum Maxim, which belongs to Aceraceae family,
is a type of deciduous tree that grows in Korea, Russia, and the
northern areas of China. It is typically used as an ornament and
its breed technique has been studied in China.1 In our investigation
into biologically active compounds from medicinal plants, five tri-
terpenes (1–5) and one sterol (6) (Fig. 1), were isolated from the
CH2Cl2 layer of a MeOH extract of A. mandshuricum. Among them,
compound 1 was determined as a new compound, named aceranol
acetate, and five known compounds 2–6 were isolated for the first
time from this plant.

Inflammatory cytokines are produced by innate immune cells,
such as macrophage and dendritic cells, during infection. Lipopoly-
saccharide (LPS) is an endotoxin, which induces septic shock syn-
drome and stimulates the production of inflammatory mediators
such as NO, tumor necrosis factor-a (TNF-a), interleukins, prosta-
noids and leukotrienes.2 Among these, TNF-a activates various
cells and induces cell death/survival, differentiation, proliferation,
and migration.3 TNF-a is like a double-edged sword in that it has
both beneficial and harmful physiological functions. The beneficial
functions of TNF-a are the killing of tumor cells, haematopoiesis,
All rights reserved.

: +82 42 823 6566.
and protection from infection. On the other hand, its harmful func-
tions are tumorigenesis, induction of autoimmunity, and linking
with diseases. Increased TNF-a concentrations are co-related with
many diseases, such as transplant rejection, rheumatoid arthritis,
heart failure, type II diabetes, and atherosclerosis.4 Therefore, the
reduction of the secretion of TNF-a will greatly help in the treat-
ment or mitigation of chronic inflammatory diseases like infection,
rheumatic arthritis, rhinitis, and allergy.5

Many of the triterpenoids6,7 and sterol analogs8,9 were previ-
ously reported to have anti-inflammatory activities by suppressing
the secretion of inflammatory cytokines, such as TNF-a. Therefore,
the effects of the compounds isolated from A. mandshuricum on the
inhibitory activity of TNF-a secretion in the presence of LPS in a
murine RAW264.7 macrophage cell line within non-cytotoxic con-
centrations (1–100 nM) were reported herein.

Air-dried stems and leaves of A. mandshuricum (2 kg)10 were ex-
tracted three times with MeOH at 50 �C. The MeOH extract (170 g)
was suspended in H2O (3 L) and partitioned with CH2Cl2 (2 L � 3)
and EtOAc (2 L � 3) to give 74 g of a CH2Cl2-soluble fraction, 39 g
of a EtOAc-soluble fraction and 35 g of an H2O-soluble, respec-
tively. This CH2Cl2 fraction was fractionated over a silica gel col-
umn using a stepwise gradient of hexane–EtOAc (100:0–0:1; v/
v), followed by silica gel and YMC reversed-phase column
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Figure 1. Structures of compounds 1–6.

Table 1
1H and 13C NMR spectral data of compound 1

Pos. dC
a,b DEPT dH

a,c (J in Hz) HMBC

1 25.2 CH2 1.87 m, 1.64 m 10
2 19.7 CH2 1.86 m, 1.60 m
3 77.4 CH 4.75 t (4.0) 1, 2, 4, 5, –CO
4 43.8 C
5 113.3 C
6 104.2 CH 5.69 br s 5, 7, 8
7 32.6 CH2 1.89 m, 1.76 m 6, 8, 9, 14
8 44.2 CH 2.76 dd (12.0, 1.5) 6, 7, 9, 14, 15, 25, 26
9 39.3 C
10 52.1 CH 1.73 m 1, 2, 5, 9, 11
11 37.7 CH2 1.62 m, 1.52 m
12 30.3 CH2 1.32 m, 1.27 m
13 39.2 C
14 39.3 C
15 34.3 CH2 1.57 m, 1.39 m
16 36.3 CH2 1.64 m, 1.31 m
17 30.3 C
18 43.0 CH 1.54 m
19 35.5 CH2 1.37 m, 1.19 m 20
20 28.5 C
21 33.0 CH2 1.47 m, 1.29 m
22 39.4 CH2 1.52 m, 0.93 m
23 24.3 CH3 1.06 s 3, 4, 5, 24
24 19.6 CH3 0.97 s 3, 4, 5, 23
25 20.3 CH3 1.13 s 8, 9, 10, 11
26 20.6 CH3 1.09 s 8, 14, 15
27 19.0 CH3 1.02 s 12, 14, 18
28 31.7 CH3 1.15 s 16, 17, 18
29 32.0 CH3 0.99 s 20, 21, 30
30 35.0 CH3 0.96 s 19, 20, 21, 29
CO 171.0 C
CH3CO 21.5 CH3 2.09 s –CO

a Measured in CDCl3.
b at 125 MHz.
c at 500 MHz.
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chromatography11 to yield one new triterpene compound, named
aceranol acetate (1), along with five known ones including b-amy-
rin acetate (2),12 glutinol acetate (3),13 friedelin (4),14 glutinol (5),13

and (3b)-D-glucopyranoside-stigmast-5-en-3-yl (6).15

The structure of compound 116 were completely determined
through spectroscopic analysis, using 1H and 13C NMR, COSY,
HMQC, HMBC, and MS spectral data, and were compared with
the data in the literature. Compound 1 was obtained as a white
amorphous powder. The HRFABMS displayed the [M�H]� at m/z
515.3728 (C32H52O5, calcd 515.3737). The 1H NMR spectrum
showed nine methyl signals at dH 2.09 (s), 1.15 (s), 1.13 (s), 1.09
(s), 1.06 (s), 1.02 (s), 0.99 (s), 0.97 (s), and 0.96 (s), an oxygenated
methine proton at dH 4.75 (t, J = 4.0 Hz), and an hemiacetal proton
as a broad singlet at dH 5.69 (Table 1). In addition, the 13C NMR data
indicated the presence of an acetate group along with 30 carbon
signals, giving the evidence of a triterpene skeleton. These signals
were assigned to eight methyl signals, ten methylene signals, five
methane signals, and seven quaternary carbons based on the
DEPT-135 spectrum. These signals were similar to those of glutinol
acetate (3),13 except for two signals at dC 113.3 and 104.2, which
were assigned to C-5 and C-6 by analysis of HMBC spectral data
(Fig. 2). Higher field moving of these two signals indicated that
the two carbon atoms were doubly substituted by oxygen which
is supported by those of 5,7a-epidioxy-5a-B-homo-6-oxachole-
stan-3b-ol.17 Thus, analysis of the two-dimensional NMR data of
compound 1 revealed its structure to be 5,6-epidioxy-5,6-epoxy-
9,13-dimethyl-25,26-dinoroleanan-3b-ol acetate. From the cou-
pling patterns of the adjacent well-resolved proton signals in the
1H NMR spectrum, the H-6 at dH 5.69 appeared a broad singlet indi-
cating that its orientation is equatorial. The H-8a at dH 2.76 was
remarkably shifted downfield by the anisotropic effect of the oxy-
gen function at C-6 in diaxial correlation and its splitting pattern
(double doublet, J = 1.5 and 12.0 Hz) suggested the stereochemical
correlation between H-8a, H-7a, and H-7b; their coupling con-
stants were J8a,7a = 1.5 Hz and J8a,7b = 12.0 Hz, respectively. These
characteristic features can only be satisfied by a 5a,6a-epidioxy-
5b,6b-epoxy structure which was consistent with those of adian-
5-ene ozonide.18 Furthermore, the strong NOE correlation between
H-6/H-7b and H-3/H-7a also supported this structure. On the basis
of the evidences, the structure of compound 1 was determined to
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Figure 2. Selected HMBC correlations of compound 1.

Table 2
The effects of compounds 1–6 on the growth of human cancer cells

Compounds GI50
a (lM)

HL-60
(Leukemia)

SK-OV-3
(Ovary)

A549
(Lung)

HT-29
(Colon)

1 13.7 ± 1.2 12.8 ± 0.9 11.4 ± 0.9 14.6 ± 1.3
2 14.6 ± 1.3 14.6 ± 1.3 11.4 ± 0.9 12.5 ± 1.1
3 16.2 ± 1.6 12.1 ± 0.9 17.9 ± 1.6 16.3 ± 1.3
4 12.2 ± 1.1 12.7 ± 1.0 11.1 ± 0.9 13.5 ± 1.1
5 16.0 ± 1.6 12.6 ± 0.9 11.6 ± 0.9 14.1 ± 1.3
6 50.8 ± 3.0 29.8 ± 2.1 35.5 ± 2.7 46.8 ± 2.6
MXb 7.8 ± 0.8 11.0 ± 1.0 8.3 ± 0.8 8.9 ± 0.8

a Results were obtained from triplicate experiments. Data are represented as a
mean ± SEM.

b Mitoxantrone was used as positive control.
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be 5a,6a-epidioxy-5b,6b-epoxy-9,13-dimethyl-25,26-dinorolea-
nan-3b-ol acetate, which was named aceranol acetate (1).

Cytotoxic activity of compounds 1–6 were evaluated against
human acute promyeloid leukemia (HL-60), human ovarian cancer
(SK-OV-3), human lung adenocarcinoma epithelial (A549), and hu-
man colon cancer (HT-29) cell line using 3-(dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay, as described by
Mosmann.19 Data were shown in Table 2. Among of six compounds
tested in the present experiment, five triterpene compounds (1–5)
showed significant cytotoxic activity against all cell lines with GI50
Figure 3. Effects of the compounds isolated from A. mandshuricum on TNF-a secretion in
each of the compounds at the concentrations of 1, 10, and 100 nM in the 24-well culture
cultured without LPS and the compounds. Each value is mean ± S.D. (n = 3). *Significantl
<0.01 compared to LPS only stimulation.
values in the range of 11.1–17.9 lM. b-Amyrin acetate (2) was re-
ported to have cytotoxicity against A2780 ovarian cancer cell line
with IC50 of 12.1 lg/ml which is very similar value of our MCF-7
breast cancer cell line.20 Furthermore, steroid compound (6) was
first reported to show moderate growth inhibitory effects with
GI50 values of 50.8, 29.8, 35.5, and 46.8 lM against HL-60, SK-
OV-3, A549, and HT-29 cell lines, respectively.

Many of the inflammation can be modulated by the cytokines
secreted from immune defense cells. Innate immune cells, such
as macrophage or dendritic cell, secrete diverse cytokines for de-
fense modulation. During the inflammation stage, some of the
cytokines, such as IL-1, IL-6, and TNF-a, are increased, while others,
such as IL-10, are decreased by the macrophage cells. To study the
anti-inflammatory activity of each isolated compound, the regula-
tion of inflammatory cytokine secretion was assayed in non-cyto-
toxic concentrations within the range of 1–100 nM. A murine
macrophage RAW264.7 cell line was used for the measurement
of secreted inflammatory cytokines of TNF-a in the absence or
presence of those compounds isolated from A. mandshuricum using
inflammatory cytokine assay.21

As shown in Figure 3, when the RAW264.7 cells were cultured
with each of the compounds isolated from A. mandshuricum, the
secretion of TNF-a was obviously decreased to 38.4% of that in
the LPS-treated control group by the treatment with compound 2
at 100 nM concentrations. Compounds 3, 4, and 6, however, inhib-
ited the TNF-a to 25.4%, 23.5%, and 29.3%, respectively, in the LPS-
treated control group, at concentrations of 100 nM. However, com-
pounds 1 and 5 showed relatively weak activity, inhibiting the
secretion of TNF-a to 21.0%, and 16.9%, respectively, at concentra-
tions of 100 nM. In terms of structure–activity relationships in this
assay, two types of compounds, both triterpene and sterol, showed
inhibitory effects on TNF-a secretion in the range of non-cytotoxic
concentrations. Although further investigation are required to clar-
ify the detailed relationship with the active compounds and their
inhibitory effects on TNF-a secretion, the observation on previous
reports22 prompts us to propose that of the active compounds,
3-acetyl 12-en oleanane (2), 3-acetyl 5-en glutinane (3), and
3-one friedelane (4) can be regarded as sources of potential candi-
dates for anti-inflammatory agents.
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