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Abstract—In continuation of our previous report, cimigenol (1) and 15 related compounds were screened as potential antitumor
promoters by using the in vitro short-term 12-O-tetradecanoylphorbol-13-acetate (TPA)––induced Epstein-Barr virus early antigen
(EBV-EA) activation assay. Cimigenol-3,15-dione (2) displayed the greatest potency (100% inhibition at 1000mol ratio/TPA) and
consequently was further examined for antitumor-promoting activity in a two-stage carcinogenesis assay of mouse skin tumors
(DMBA/TPA). In this assay, compound 2 showed significant activity, reducing the number of papillomas per mouse to 48% of
the control group at 20weeks. In addition, compounds 1 and 2 were examined for antitumor-initiating activity in a two-stage car-
cinogenesis assay of mouse skin tumors induced by peroxynitrite as an initiator and TPA as a promoter. Results showed that these
two triterpenoids were almost equipotent with epigallocatechin gallate (EGCG) and slightly more potent than tocinol (group V), the
positive controls. Thus, compounds 1 and 2 exhibited not only strong antitumor-promoting activity but also significant antitumor-
initiating effect on mouse skin. These data suggest that both compounds might be valuable chemopreventors.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

We have been interested in the use of natural products
for cancer chemoprevention. In our studies, we first car-
ry out a primary in vitro assay indicated by the inhibi-
tory effects on EBV-EA activation by TPA and,
subsequently, evaluate promising compounds for anti-
tumor-initiating and antitumor-promoting activity in
two-stage carcinogenesis assays of mouse skin using
peroxynitrite as an initiator and TPA as a promotor.1

The rhizome ofCimicifuga species is an important medic-
inal herb. In China and Japan, C. dahurica, C. heracleifo-
lia, and C. foetida have been used as antipyretic and
analgesic agents. In Europe and the United States, C.
racemosahas been used to reduce the frequency and inten-
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sity of hot flashes. EachCimicifuga species contains many
different triterpenoid glycosides.2 Cimigenol (23R,24S)-
16,23;16,24-diepoxy-9,19-cyclolanostan-3b,15a,25-triol
(1), an acid- and base-stable triterpenoid found inC. race-
mosa, C. dahurica, C. japonica, and other species,3 and 39
related compounds were previously screened by us4 as
antitumor promoters by using the in vitro short-term
12-O-tetradecanoylphorbol-13-acetate (TPA)–induced
Epstein-Barr virus early antigen (EBV-EA) activation as-
say. Among them, 1 and some cimigenol derivatives
showed significant activity, and 1 also exhibited strong
inhibitory effects on mouse skin tumor promotion in-
duced by TPA in a two-stage carcinogenesis test.

In continuation of the previous report,4 15 additional
compounds [9,19-cyclolanostane triterpenoid aglycones
(7, 9, 11, 13, 15, 17, 19, 21) and glycosides (5, 8, 14,
18), isoferulic acid (22), cimifugin (23), and fulinoic acid
(24)] were assayed as antitumor promoters by using the
in vitro short-term TPA-induced EBV-EA activation
assay. Cimigenol-3,15-dione (2) was also examined for
antitumor-promoting activity in a two-stage carcinogen-
esis assay with TPA as inducer. In addition, 1 and 2 were

mailto:khlee@unc.edu


1404 N. Sakurai et al. / Bioorg. Med. Chem. 13 (2005) 1403–1408
examined for antitumor-initiating activity in a two-stage
carcinogenesis assay of mouse skin tumors induced by
peroxynitrite as an initiator and TPA as a promoter.
These results should help in understanding the physio-
logical functions and biochemical mechanism of cancer
chemopreventive activity of both 1 and 2.
2. Materials and methods

2.1. Test compounds

The chemical structures are shown in Figure 1. Cimige-
nol (1), cimigenol xyloside (4), and 24-O-acetylhydrosh-
engmanol xyloside (10) were isolated from C. dahurica.3

Cimicifugosides H-1 (16), H-2 (18), and H-4 (20), actein
(12), and 23-epi-26-deoxyactein (14) were isolated from
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Figure 1. Structures of compounds 1–24.
commercially available Cimicifuga plants.5 Each agly-
cone was hydrolyzed from the corresponding glycosides
using molsin (crude glucosidase, from Aspergillus sai-
toi).3 Compounds 2, 3, 5, 7, and 8 were prepared by oxi-
dation or esterification of 1 or 6.3 The structures of all
compounds were identified from their NMR and MS
data compared with those of literature compounds.2,3

2.2. Chemicals

The cell culture reagents, n-butyric acid, and other rea-
gents were purchased from Nacalai Tesque Inc. (Japan).
TPA and 7,12-dimethylbenz[a]anthracene (DMBA)
were purchased from Sigma Chemical Co. (St. Louis,
MO). Peroxynitrite was obtained from Dojindo Labora-
tories Co. (Kumamoto, Japan). EBV-EA positive serum
from a patient with nasopharyngeal carcinoma (NPC)
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was a gift from Professor H. Hattori, Department of
Otorhinolaryngology, Kobe University.

2.3. Cells

The EBV genome-carrying lymphoblastoid cells (Raji
cells derived from Burkitt�s lymphoma) were cultured
in 10% fetal bovine serum (FBS) in RPMI-1640 medium
(Nissui, Japan) under the conditions described previ-
ously.6 Spontaneous activation of EBV-EA in our sub-
line of Raji cells was less than 0.1%.

2.4. Animals

Specific pathogen-free (SPF) female ICR (6weeks old)
and female SENCAR (6weeks old) mice were obtained
from Japan SLC, Inc. (Hamamatsu, Japan), and main-
tained under SPF conditions in Animal Center of Kyoto
Prefectural University of Medicine. The mice were
housed five per polycarbonate cage in a temperature-
controlled room at 24 ± 2 �C and were fed food (Orien-
tal MF, Oriental Yeast Co., Tokyo, Japan) and water ad
libitum during the experiments.

2.5. Inhibition of EBV-EA activation assay

The inhibition of EBV-EA activation was assayed using
Raji cells (virus nonproducer type), an EBV genome-
carrying human lymphoblastoid cell, as described previ-
ously.1,6 The indicator cells (1 · 106/mL) were incubated
at 37 �C for 48h in medium (1mL) containing n-butyric
acid (4mM) as trigger, and TPA [32pM = 20ng in 2lL
of dimethylsulfoxide (DMSO)] as inducer, and various
amounts of the test compounds dissolved in 5lL of
DMSO. Smears were made from the cell suspension.
The EBV-EA inducing cells were stained with high titer
EBV-EA positive serum from NPC patients and de-
tected by an indirect immunofluorescence technique.7

In each assay, at least 500 cells were counted, and the
number of stained cells (positive cells) was recorded.
Triplicate assays were performed for each data point.
The average EBV-EA induction of the test compound
was expressed as a relative ratio to the positive control
experiment (100%), which was carried out with n-butyric
acid (4mM) plus TPA (32pM). In the experiments, the
EBV-EA induction was ordinarily around 35%, and this
value was taken as the positive control (100%). n-Butyric
acid (4mM) alone induced 0.1% EA-positive cells. The
viability of treated Raji cells was assayed by the Trypan
blue staining method. The cell viability of the TPA pos-
itive control was greater than 80%. Therefore, only the
compounds that induced less than 80% (% of control)
of the EBV-activated cells (those with a cell viability
of more than 60%) were considered able to inhibit the
activation caused by promoter substances. Student�s t-
test was used for all statistical analyses.

2.6. In vivo two-stage carcinogenesis test on mouse skin
papillomas induced by DMBA/TPA8

The animals (SPF female ICR mice, 6weeks old) were
divided into two experimental groups of 15 mice each.
The back of each mouse was shaved with surgical clip-
pers, and the mice were treated topically with DMBA
(100lg, 390nmol) in acetone (0.1mL) as an initiation
treatment. For group I (positive control group), one
week after the initiation with DMBA, papilloma forma-
tion was promoted twice a week by the application of
TPA (1lg, 1.7nmol) in acetone (0.1mL) on the skin.
Group II received a topical application of cimigenol-
3,15-dione (2) (85nmol) in acetone (0.1mL) 1h before
the promotion treatment. The incidence of papilloma
bearers and numbers of papillomas per mouse were ob-
served weekly for 20weeks. A pathologist checked the
type of tumors in this experiment by histological exam-
ination. Statistical significance was determined using
Student�s t-test.

2.7. In vivo two-stage carcinogenesis test on mouse skin
papillomas initiated by peroxynitrite9,10

The animals (SPF female SENCAR mice, 6weeks old)
were divided into five experimental groups of 15 mice
each. The back of each mouse was shaved with surgical
clippers, and the mice were treated topically with ace-
tone (0.1mL) and after 10s, peroxynitrite (33.1lg,
390nmol in 0.1mL of 1mM NaOH) as an initiation
treatment. For group I (positive control group), one
week after the initiation, papilloma formation was pro-
moted by the twice weekly application of TPA (1lg,
1.7nmol) in acetone (0.1mL) on the skin (no papilloma
formation was seen with topical application of the ace-
tone solvent alone). For groups II, III, IV, and V, test
samples, cimigenol (1), cimigenol-3,15-dione (2), epigal-
locatechin gallate (EGCG), and tocinol (each 0.0025%
in drinking water) were orally administered for 2weeks
before the promotion treatment (1week both before
and after the initiation). Subsequently, the each group
was promoted by the twice a week application with
TPA (1lg, 1.7nmol) in acetone (0.1mL). The incidence
of papilloma bearers and numbers of papillomas per
mouse were detected weekly for 20weeks. Student�s t-
test was used for statistical analyses of the numbers of
papillomas per mouse. The animal weights were not sta-
tistically different between any of the groups in all in
vivo assays.
3. Results and discussion

The primary screening test was carried out using a short
term in vitro synergistic assay on EBV-EA activation.
Table 1 lists inhibitory effects of compounds 1–24 on
the EBV-EA activation induced by TPA and the associ-
ated viability of Raji cells.

In this assay, all compounds tested showed inhibitory ef-
fects on EBV-EA activation without cytotoxicity on
Raji cells (a high viability of Raji cells is necessary for
in vitro assay using an indirect immunofluorescence
technique by antigen-antibody reaction and is beneficial
for the subsequent in vivo assay). As shown in Table 1,
cimigenol (1), cimigenol-3,15-dione (2), cimigen-3-one
(3), and isoferulic acid (22) exhibited significant inhibi-
tory effects (100%, 70–85%, and 30–40% at 1000, 500,
and 100mol ratio/TPA, respectively). Compounds 6



Table 1. Relative ratioa of EBV-EA activation with respect to positive control (100%) in the presence of cimigenol-related compounds (1–24)

Compound Percentage EBV-EA positive cells

Compound concentration (mol ratio/TPAb)

1000 500 100 10

1d 0 ± 0.5 (70)c 13.8 ± 0.7 (>80) 56.9 ± 2.0 (>80) 86.0 ± 1.0 (>80)

2d 0 ± 0.4 (70) 20.4 ± 1.5 (>80) 70.3 ± 1.8 (>80) 92.1 ± 0.4 (>80)

3d 0 ± 0.3 (70) 17.7 ± 1.0 (>80) 68.7 ± 1.8 (>80) 89.4 ± 1.1 (>80)

4d 10.4 ± 0.7 (70) 27.2 ± 1.5 (>80) 73.6 ± 2.3 (>80) 100 ± 0.4 (>80)

5 10.8 ± 0.5 (60) 25.0 ± 1.3 (>80) 73.5 ± 1.3 (>80) 100 ± 0.5 (>80)

6d 7.8 ± 0.6 (70) 23.8 ± 1.4 (>80) 71.9 ± 2.1 (>80) 96.7 ± 0.3 (>80)

7 17.0 ± 0.6 (70) 32.6 ± 1.6 (>80) 80.4 ± 2.0 (>80) 100 ± 0.4 (>80)

8 18.2 ± 0.6 (60) 33.9 ± 1.3 (>80) 81.6 ± 1.4 (>80) 100 ± 0.3 (>80)

9 12.7 ± 0.6 (60) 27.5 ± 1.3 (>80) 76.7 ± 1.8 (>80) 100 ± 0.6 (>80)

10d 11.5 ± 0.6 (70) 27.6 ± 1.4 (>80) 75.2 ± 1.6 (>80) 100 ± 0.5 (>80)

11 14.9 ± 0.7 (70) 31.3 ± 1.4 (>80) 82.6 ± 2.1 (>80) 100 ± 0.4 (>80)

12d 13.8 ± 0.9 (70) 29.6 ± 2.0 (>80) 79.5 ± 2.3 (>80) 100 ± 0.2 (>80)

13 18.4 ± 0.6 (70) 34.8 ± 1.2 (>80) 83.1 ± 2.1 (>80) 100 ± 0.3 (>80)

14 13.4 ± 1.7 (70) 29.0 ± 1.4 (>80) 79.0 ± 1.3 (>80) 100 ± 0.5 (>80)

15 15.5 ± 0.8 (70) 28.6 ± 1.3 (>80) 76.9 ± 1.9 (>80) 100 ± 0.5 (>80)

16d 12.5 ± 0.6 (70) 26.4 ± 1.6 (>80) 75.2 ± 2.1 (>80) 100 ± 0.5 (>80)

17 11.7 ± 0.4 (70) 25.9 ± 1.0 (>80) 74.9 ± 2.2 (>80) 100 ± 0.4 (>80)

18 9.9 ± 0.4 (70) 24.9 ± 1.1 (>80) 71.0 ± 1.7 (>80) 97.5 ± 1.2 (>80)

19 9.3 ± 0.4 (70) 26.0 ± 1.5 (>80) 78.4 ± 2.2 (>80) 100 ± 0.5 (>80)

20d 8.9 ± 0.7 (70) 25.7 ± 1.3 (>80) 76.5 ± 1.9 (>80) 100 ± 0.3 (>80)

21 11.4 ± 0.5 (70) 26.7 ± 1.5 (>80) 75.3 ± 2.1 (>80) 100 ± 0.5 (>80)

22 0 ± 0.2 (60) 22.8 ± 1.1 (>80) 68.0 ± 1.9 (>80) 92.7 ± 0.5 (>80)

23 25.8 ± 1.1 (60) 41.4 ± 1.5 (>80) 86.9 ± 1.8 (>80) 100 ± 0.4 (>80)

24 10.8 ± 0.4 (70) 25.7 ± 1.1 (>80) 79.3 ± 1.6 (>80) 100 ± 0.6 (>80)

a Values represent relative percentages to the positive control value (100%).
b TPA concentration = 20ng/mL (32pmol/mL).
c Values in parentheses are viability percentages of Raji cells.
d Data were previously described in Ref. 4.
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and 18–20 showed moderate inhibitory effects (>90%,
75%, and 20% at 1000, 500, and 100mol ratio/TPA,
respectively). The inhibitory activities of these com-
pounds were stronger than that of glycyrrhetic acid,11

which is known as a strong antitumor promoter.

The 9,19-cycloartane triterpenes (1–21) in this study fall
into four general structural series: cimigenol (1–8),
hydroshengmanol (9, 10), actein/deoxyactein (11–14),
and cimicifugoside (15–21) compounds. The actein/de-
oxyactein (11–14) and hydroshengmanol (9, 10) triterp-
enes generally were less active than the other two classes.
Among the cimicifugosides, the H-4 and H-2 com-
pounds (17–20) were more active than the H-1 com-
pounds (15, 16). Thus, the structure of the triterpene
skeleton, particularly the D ring side chain, influenced
activity.

Among the cimigenol-type compounds, cimigenol (1)
and acetylcimigenol (6), with a C-3 OH group, were
more active than the analogous compounds (3 and 7,
respectively), with a C-3 ketone group. In addition, the
inhibitory effects of EBV-EA activation of cimigenol
(1) and its oxidative metabolites (3 and 2) decreased
slightly in that order. Thus, the greater number of hydr-
oxyl groups enhanced the inhibitory activity on EBV-
EA activation. The metabolic fates of the compounds
in this series could possibly account for some of the ob-
served activities in the in vitro assay, and in the in vivo
assays discussed below.
Among the 24 compounds tested, the glycosides (xylo-
sides) showed slightly increased or mostly equivalent
activity compared to corresponding aglycones except
in the case of cimigenol (1) and its xyloside (4), where
the latter compound showed decreased potency. Cimige-
nol (1) and cimigenol-3-one (3) were also more active
than their esters (5, 7, and 8).

In our past work, inhibitory effects on EBV-EA induc-
tion by TPA have correlated well with antitumor-pro-
moting activity in vivo. In the previous paper,4 we
reported that cimigenol (1) exhibited a significant inhib-
itory effect on the tumor-promotion induced by DMBA
and TPA. In this paper, on the basis of the results of the
in vitro assay, the effects of cimigenol-3,15-dione (2) on
the two-stage carcinogenesis test of mouse skin papillo-
mas were investigated using DMBA as an initiator and
TPA as a promoter. The incidence (%) of papilloma-
bearing mice and the average numbers of papillomas
per mouse are presented in Figures 2A and B,
respectively.

As shown in Figure 2A, in group I (positive control), the
first tumor appeared after 6weeks, and 100% of the mice
bore papillomas after 10weeks of promotion. Further,
averages of 5.4 and 9.3 papillomas were formed per
mouse at 10 and 20weeks of promotion, respectively,
as shown in Figure 2B. On the other hand, when cimige-
nol-3,15-dione (2) was applied before TPA treatment
(group II), it delayed and reduced the formation of
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papillomas as follows: the first tumor appeared after
8weeks and the incidence of papilloma-bearing mice
was reduced to 27% and 93% at 10 and 20weeks of pro-
motion, respectively (Fig. 2A). Also, only 1.8 and 4.8
papillomas per mouse were recognized at 10 and
20weeks of promotion. The latter number corresponded
to 48% of the control group as shown in Figure 2B.
These results were almost the same as those of the group
III (treatment with 1).

From the above results, cimigenol (1) and cimigenol-
3,15-dione (2) exhibited the highest antitumor-promot-
ing potency among the tested compounds. Further, their
antitumor-initiating effect on the two-stage carcinogene-
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respectively. In the average number of papillomas per
mouse (Fig. 3B), 1 and 2 reduced the number of the
tumors compared to the control group. In group I,
approximately eight tumors per mouse were observed
after 20weeks of promotion, whereas, groups II and
III reduced to papillomas by approximately one-half
over the same period. Compounds 1 and 2 were almost
equipotent with EGCG (group IV) and slightly more
potent than tocinol (group V) against tumor formation
as shown in Figure 3.

From the results obtained in this study, the following
conclusions can be drawn. At 1000mol ratio, cimigenol
(1), cimigenol-3,15-dione (2), and cimigenol-3-one (3)
exhibited strong inhibitory effects on EBV-EA activity.
Cimigenol xyloside (4) was less active than its aglycone
1, and likewise, the dimethylsuccinyl diesters (5 and 8)
were less active than the parent alcohols (1 and 6,
respectively). Meanwhile, glycosides 10, 12, 14, 16, 18,
and 20 showed almost the same activity as their corre-
sponding aglycones (9, 11, 13, 15, 17, and 19, respec-
tively). Cimigenol (1) and cimigenol-3,15-dione (2)
displayed useful physiological activities, including both
antitumor-initiating activity and antitumor-promoting
activity in two-stage carcinogenesis assays of mouse skin
tumors. Both compounds delayed the formation of
papillomas compared to the control group.
4. Conclusion

These investigations suggested that certain cimige-
nol-related compounds including cimigenol (1) and
cimigenol-3,15-dione (2) could be valuable as chemopre-
ventors or as lead compounds for new chemopreventive
agents.
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