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In a search for potential cancer chemopreventive agents from natural resources, stevioside (1), a sweet-
ener, and six related compounds, including two aglycones steviol (6) and isosteviol (7), were screened in
an in vitro assay for inhibitory effects on Epstein-Barr virus early antigen activation. Compounds 1, 6 and
7 showed significant activity in this assay and also exhibited strong inhibitory effects in a two-stage car-

cinogenesis test using mouse skin induced by 7,12-dimethylbenz[a]anthracene (DMBA) and 12-O-tetra-
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decanoylphorbol-13-acetate (TPA). The inhibitory effects of these three compounds were greater than
that of glycyrrhizin. Furthermore, these three compounds significantly inhibited mouse skin carcinogen-
esis initiated by peroxynitrite and promoted by TPA. Their activities were comparable to that of curcu-
min. These results suggested that 1, as well as 6 and 7, could be valuable as chemopreventive agents
for chemical carcinogenesis.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Cancer is a major cause of death worldwide and causes serious
problems in human life, including mental and physical agony and
economic strain. Therefore, many kinds of cancer therapies, includ-
ing various anticancer agents, have been developed. However, they
also have several problems such as serious side effects and drug
resistance. To resolve these difficulties, development of cancer che-
mopreventive agents and improvement of cancer treatment are
very important. Among the many stages of chemical carcinogene-
sis, inhibition of the tumor promotion stage has been regarded as
one of the most promising methods for chemoprevention. It has
also been ascertained that overproduced nitric oxide (NO) is chan-
ged to peroxynitrite, which can induce damage on genes, cells, and
tissues that can lead to mutagenesis and carcinogenesis. Such
experimental proof verifies that NO and peroxynitrite can strongly
initiate multi-stage carcinogenesis.!

With these facts in mind, we have been studying cancer chemo-
preventive agents from natural products, and determining their
antitumor-promoting and antitumor-initiating effects.>"® In con-
tinuation of these studies, diterpenoids and triterpenoids were
examined using both an in vitro primary screening test for inhibi-
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tion of Epstein-Barr virus early antigen (EBV-EA) activation pro-
moted by 12-O-tetradecanoylphorbol-13-acetate (TPA) and an
in vivo two-stage carcinogenesis test using 7,12-dimethyl-
benz[a]anthracene (DMBA) or peroxynitrite as an initiator and
TPA.”"'° In this paper, we report the inhibitory effects of the natu-
ral sweetener stevioside (1)'! from Stevia rabaudiana and its two
aglycones, steviol (6)'? and isosteviol (7),'>!® obtained by enzy-
matic hydrolysis and by acidic hydrolysis, respectively, on mouse
skin carcinogenesis and their probability for use as cancer chemo-
preventive agents in chemical carcinogenesis.

2. Results and discussion
2.1. Inhibition of EBV-EA activation assay

A primary screening test was carried out using a short-term
in vitro synergistic assay on EBV-EA activation. Table 1 lists inhib-
itory effects of five sweet diterpenoid glycosides (1-5) obtained
from the leaves of Stevia rabaudiana Bertoni and their two hydro-
lytic products steviol (6), genuine aglycone, and isosteviol (7), arti-
fact aglycone, on the EBV-EA activation induced by TPA and the
associated viability of Raji cells.!!1215

In this assay, all compounds tested showed inhibitory effects on
EBV-EA activation without cytotoxicity on Raji cells. As shown in
Table 1, among the diterpenoid glycosides, stevioside (1) exhibited
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Table 1
Relative ratio of EBV-EA activation with respect to positive control (100%) in the presence of stevioside-related compounds (1-7)
Compound Concentration® ICs50 (ULM)

1000 500 100 10

Stevioside (1) 3.2+ 0.7 (60)° 36.9 0.6 (>80) 67.4 £ 0.8 (>80) 89.3 0.5 (>80) 360
Rebaudioside A (2) 14.8 £ 0.6 (60) 47.3 £0.6 (>80) 82.5+0.9 (>80) 100.0 £ 0.5 (>80) 463
Rebaudioside C (3) 15.4 + 0.6 (60) 46.9 + 0.6 (>80) 83.7 + 0.9 (>80) 100.0 + 0.5 (>80) 469
Dulcoside A (4) 6.7 + 0.6 (60) 40.9 + 0.6 (>80) 73.0£ 0.8 (>80) 92.5 + 0.5 (>80) 447
Rubusoside (5) 12.5 + 0.6 (60) 44.2 +0.6 (>80) 76.8 £ 1.3 (>80) 94.2 +0.5 (>80) 450
Steviol (6) 2.1+0.3 (60) 35.6 + 0.6 (>80) 74.1+1.1 (>80) 91.2 +0.5 (>80) 340
Isosteviol (7) 1.9+0.2 (60) 34.2 +0.5 (>80) 73.0% 1.1 (>80) 90.6 + 0.3 (>80) 321
Glycyrrhizin (8) 12.5 + 1.0 (60) 36.9+1.2 (>80) 69.2 2.1 (>80) 100.0 + 0.4 (>80) 381
Curcumin (9) 0+ 0.5 (60) 22.8 £1.8 (>80) 81.7 £1.9 (>80) 100 £ 0.2 (>80) 331

2 Mol ratio/TPA (32 pmol/mL = 20 ng/mL).
b Values represent relative percentage to the positive control (100%) (n =3 and #SD).
¢ Values in parentheses are viability percentages of Raji cells.

the strongest inhibitory effects on EBV-EA activation (ICsq =360
uM, with >96%, 63%, and 32% inhibition at 1 x 10, 5 x 102,
1 x 10 mol ratio/TPA, respectively), and preserved a high viability
of Raji cells. Steviol (6) and isosteviol (7) showed almost the same
inhibitory effects (for 6: 1Cso = 340 uM, with >97%, 64%, and 25%
inhibition; for 7: ICso = 331 puM, with 98%, 65%, and >26% inhibition
at 1 x 10%, 5 x 10%, 1 x 102 mol ratio/TPA). [Previously, Okamoto
et al. reported that 6 inhibited the activation of EBV-EA induced
by TPA, while 1 did not.'® Also, Akihisa et al. reported inhibitory ef-
fects of 1 and 7 on activation of EBV-EA induced by TPA.!”]

In our experiments, the inhibitory effects of stevioside (1), stev-
iol (6), and isosteviol (7) were greater than that of glycyrrhizin (8),
which is a known antitumor-promoting agent.'® In our past work,
inhibitory effects on EBV-EA activation by TPA correlated well with
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antitumor-promoting activity in vivo.2"'° Thus, on the basis of the
results of the in vitro assay, the inhibitory effects of these three
compounds were investigated in a two-stage carcinogenesis test
of mouse skin tumors using DMBA as an inhibitor and TPA as a
promoter.

2.2. Two-stage carcinogenesis test on mouse skin induced by
DMBA and TPA

Figures 2 and 3 show the time course of tumor formation after
treatment with 1 and the aglycones 6 and 7, respectively. The inci-
dence (%) of papilloma-bearing mice and the average numbers of
papillomas per mouse are presented in Figures 2A/3A and Figures
2B/3B, respectively.

\\H

COOH
7: isosteviol
0 o]
N _ OCHj,
OH
9: curcumin

Figure 1. Structures of compounds 1-9.
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Figure 2. Inhibitory effects of stevioside (1) and glycyrrhizin on mouse skin carcinogenesis induced by DMBA and TPA. All mice were initiated with DMBA (390 nmol) and
promoted with TPA (1.7 nmol) twice weekly starting 1 week after initiation. A: percentage of mice bearing papillomas; B: average number of papillomas per mouse; group la:
@ positive control, TPA alone; TPA + 85 nmol of stevioside; group V: @ TPA + 85 nmol of glycyrrhizin. At 20 weeks of promotion, group II and group V were significantly

different from group Ia (p < 0.05, using Student’s t-test) on papillomas per mouse.
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Figure 3. Inhibitory effects of steviol (6) and isosteviol (7) on mouse skin carcinogenesis induced by DMBA and TPA. All mice were initiated with DMBA (390 nmol) and
promoted with TPA (1.7 nmol) twice weekly starting 1 week after initiation. A: percentage of mice bearing papillomas; B: average number of papillomas per mouse; group Ib:
@ positive control, group III: O TPA + 85 nmol of steviol; group IV: @ TPA + 85 nmol of isosteviol. At 20 weeks of promotion, group Il was significantly different from group Ib

(p <0.05, using Student’s t-test) on papillomas per mouse.

As shown in Figure 2A, in group la (positive control, using ICR
mice), which received treatment with DMBA and TPA, the first tu-
mor appeared after 6 weeks of promotion, and 100% of the mice
bore papillomas after 9 weeks of promotion. Further, averages of
3.7, 8.1 and 9.2 papillomas were formed per mouse at 10, 15 and
20 weeks of promotion, respectively, as shown in Figure 2B. On
the other hand, when 1 was applied before TPA treatment (group
Il), it delayed and reduced the formation of papillomas as follows:
the first tumor appeared after 7 weeks of promotion and the inci-
dence of papilloma-bearing mice was reduced to about 20%, 53%
and 93% at 9, 15 and 20 weeks of promotion, respectively
(Fig. 2A). Also, averages of only 2.0, 3.8 and 5.4 papillomas per
mouse were recognized at 10, 15 and 20 weeks of promotion,
respectively (Fig. 2B). [Previously, Yasukawa et al. described the
effects of stevioside mixture on the promotion of skin papillomas
by TPA in DMBA-initiated ICR mice under different experimental

conditions (higher dose of test sample and lower doses of DMBA
and TPA were applied).']

Group III mice, which were treated with DMBA, 8 and TPA, also
showed the first tumor after 7 weeks of promotion, and about 50%,
60% and 94% of the mice bore papillomas at 10, 15 and 20 weeks of
promotion, respectively (Fig. 2A). Further, averages of 2.8, 4.6 and
6.2 papillomas were formed per mouse at 10, 15 and 20 weeks of
promotion, respectively, as shown in Figure 2B. Therefore, 1 and
8 caused 41.3% and 35.0% reduction, respectively, in the average
number of the tumors per mouse after 20 weeks of promotion
compared with the positive control group.

In Figure 3, with group Ib (positive control, using SENCAR mice),
treated with DMBA and TPA, the first tumor appeared after 6 weeks
of promotion, and 100% of the mice bore papillomas after 10 weeks
of promotion (Fig. 3A). Further, averages of 5.2, 8.1 and 9.7 papillo-
mas were formed per mouse at 10, 15 and 20 weeks of promotion,
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respectively, as shown in Figure 3B. On the other hand, in group II,
treated with DMBA, 6 and TPA, the first tumor appeared after 7
weeks of promotion, and about 27%, 60% and 87% of the mice bore
papillomas at 10, 15 and 20 weeks of promotion, respectively
(Fig. 3A). Further, averages of 1.8, 3.7 and 5.4 papillomas were
formed per mouse at 10, 15 and 20 weeks of promotion, respec-
tively, as shown in Figure 3B. In group III, treated with DMBA, 7
and TPA, the first tumor appeared after 7 weeks of promotion,
and about 20%, 60% and 87% of the mice bore papillomas at 10,
15 and 20 weeks of promotion, respectively (Fig. 3A). Furthermore,
averages of 1.8, 3.6 and 5.0 papillomas were formed per mouse at
10, 15 and 20 weeks of promotion, respectively (Fig. 3B). Thus, in
this assay, 6 and 7 caused 44.3% and 46.4% reduction, respectively,
in the average number of the tumors per mouse after 20 weeks of
promotion compared with the positive control group.

From the above results, 1, 6 and 7 exhibited strong antitumor-
promoting potency by delaying formation and reducing the number
of papillomas per mouse. Further, their inhibitory effects were com-
parable to each other and greater than those of glycyrrhizin, which
is a known antitumor-promoter isolated from licorice root. '®

2.3. Two-stage carcinogenesis test on mouse skin induced by
peroxynitrite and TPA

Figure 4 (for 1 and 7) and Figure 5 (for 6) show the time course
of tumor formation after treatment with the test compounds. Spe-
cifically, the incidence (%) of papilloma-bearing mice and the aver-
age numbers of papillomas per mouse are presented in Figures 4A,
5A and Figures 4B, 5B respectively.

Group I (positive control), treated with peroxynitrite and TPA,
exhibited the first tumor after 7 weeks, and the percentage of tu-
mor bearing mice was 100% after 11 weeks of promotion
(Fig. 4A). Further, averages of 4.3, 7.2 and 8.0 papillomas were
formed per mouse at 11, 15 and 20 weeks of promotion, respec-
tively, as shown in Figure 4B. On the other hand, in group II, treated
with peroxynitrite and 1 applied before TPA treatment, the first tu-
mor appeared after 8 weeks of promotion, and about 40%, 53% and
87% of the mice bore papillomas at 11, 15 and 20 weeks of after
promotion, respectively (Fig. 4A). Further, averages of 2.0, 3.0 and
4.4 papillomas were formed per mouse at 11, 15 and 20 weeks of
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promotion, respectively (Fig. 4B). In group III, treated with perox-
ynitrite, 7 and TPA, the first tumor appeared after 8 weeks of pro-
motion, and about 33%, 53% and 73% of the mice bore papillomas at
11, 15 and 20 weeks of promotion, respectively (Fig. 4A). Further,
averages of 1.6, 2.7 and 4.3 papillomas were formed per mouse
at 10, 15 and 20 weeks of promotion, respectively, as shown in Fig-
ure 4B.

As shown in Figure 5A, in group I (positive control), treated with
peroxynitrite and TPA, the first tumor appeared after 6 weeks and
the percentage of tumor bearing mice was 100% after 10 weeks of
promotion. Furthermore, averages of 4.3, 7.4 and 8.1 papillomas
were formed per mouse at 10, 15 and 20 weeks of promotion,
respectively, as shown in Figure 5B. On the other hand, group II,
treated with peroxynitrite, 6 and TPA, showed the first tumor after
8 weeks of promotion, and the incidence of the tumor bearer was
approximately 27%, 67% and 93% at 10, 15 and 20 weeks of promo-
tion, respectively (Fig. 5A). Further, regarding the average numbers
of papillomas per mouse (Fig. 5B), 2.3, 3.5 and 4.5 papillomas were
formed at 10, 15 and 20 weeks of promotion, respectively. The re-
sults of this assay showed that treatment with 1, 6 and 7 delayed
the formation of papillomas compared to the positive control
group and reduced the number of tumors per mouse by 45.0%,
44.4% and 46.2%, respectively, after 20 weeks of promotion com-
pared with the control group. These values were almost the same
as that of curcumin (9),2° namely, 45.1% reduction in the average
number of the tumors per mouse after 20 weeks of promotion
compared with control. Curcumin is known to have potent antiox-
idant activity; it intercepts and neutralizes potent chemical carcin-
ogens, such as ROS (superoxide, peroxyl and hydroxy radicals) and
NO donors.?!2

The results of these in vivo tests showed that, with comparable
effects to curcumin, compounds 1, 6 and 7 delayed formation and
reduced the number of papillomas per mouse in antitumor-initia-
tion tests. These three compounds also show almost the same
inhibitory effects on tumor-initiation by peroxynitrite/TPA.

3. Conclusions

From the results of the two-stage carcinogenesis tests, it was
concluded that stevioside (1), steviol (6) and isosteviol (7) strongly
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Figure 4. Inhibitory effects of stevioside (1) and isosteviol (7) on mouse skin carcinogenesis induced by peroxynitrite. All mice were initiated with peroxynitrite (390 nmol)
and promoted with TPA (1.7 nmol) twice weekly starting 1 week after initiation. A: percentage of mice bearing papillomas; B: average number of papillomas per mouse;
group I: @ positive control, peroxynitrite nmol) + TPA alone; group II: O peroxynitrite (390 nmol) + 0.0025% of stevioside (two weeks)+ TPA (1.7 nmol); group III: Q
peroxynitrite (390 nmol) + 0.0025% of isosteviol (two weeks) + TPA (1.7 nmol). At 20 weeks of promotion, group II and group IIl were significantly different from group I

(p < 0.05, using Student’s t-test) on papillomas per mouse.
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Figure 5. Inhibitory effects of steviol (6) on mouse skin carcinogenesis induced by peroxynitrite and TPA. All mice were initiated with peroxynitrite (390 nmol) and promoted
with TPA (1.7 nmol) twice weekly starting 1 week after initiation. A: percentage of mice bearing papillomas; B: average number of papillomas per mouse; group I: @, positive
control, peroxynitrite nmol) + TPA (1.7 nmol) alone; group II: O peroxynitrite (390 nmol) + 0.0025% of steviol (two weeks) + TPA (1.7 nmol). At 20 weeks of promotion, group
II and group III were significantly different from group I (p < 0.05, using Student’s t-test) on papillomas per mouse.

inhibited the promotion stage induced by DMBA/TPA and also sig-
nificantly inhibited the initiation stage induced by peroxynitrite.
The inhibitory effects of the three compounds in both assays were
almost the same, and these results suggest that these compounds
could be promising cancer preventive agents. In addition, several
toxicological studies on the possible carcinogenicity or mutagenic-
ity of 1 have been reported, in which it is neither carcinogenic nor
mutagenic.? Therefore, 1 might be valuable not only as a natural
sweetener, but also as a chemopreventive agent against chemical
carcinogenesis.

4. Experimental
4.1. General

Melting points were measured on a Fisher-Johns melting point
apparatus without correction. 'H and '3C NMR spectra were re-
corded on a Varian Gemini 2000 (300 MHz) NMR spectrometer
with TMS as the internal standard. Mass spectroscopic (MS) data
were obtained on TRIO 1000 mass spectrometer. IR (KBr) spectra
were recorded on a Perkin-Elmer 1320 spectrometer. Analytical
thin-layer chromatography (TLC) was carried out on Merck pre-
coated aluminum silica gel sheets (Kieselgel 60 F).

4.2. Test compounds

The chemical structures are shown in Figure 1. Test samples of
stevioside (1), rebaudioside A (2), rebaudioside C (3), dulcoside A
(4), rubusoside (5) and isosteviol (7) were provided by Maruzen
Pharmaceutical Co., Ltd Steviol (6) was obtained by hydrolysis of
1 using Pectinase A ‘Amano’ (origin: Asperugillus oryzae and A. pul-
verulentus). The experimental methods are as follows: stevioside
(12.02 g) and Pectinase A ‘Amano’ (6.08 g) were divided into 36
polypropylene tubes (50 mL), and distilled water (ca. 35 mL) and
4-5 drops of toluene were added into each tube. The tubes contain-
ing the mixture were shaken for 2 weeks at 50 °C in an incubator.
The hydrolytic mixture was extracted three times with diethyl
ether. After drying over anhydrous magnesium sulfate, the solvent
was evaporated (residue: 4.2 g). The residue was recrystallized
from methanol three times, giving colorless crystals (3.2 g) mp

214-215 °C. Steviol (6) was identified by comparison of TLC, IR,
MS, 'H and '3C NMR data with those of an authentic sample.

4.3. Chemicals

The cell culture reagents, n-butyric acid, and other reagents
were purchased from Nacalai Tesque Inc. (Kyoto, Japan). DMBA,
TPA, and RPMI-1640 medium were purchased from Sigma Chemi-
cal Co. (St. Louis, MO, USA), and peroxynitrite from Dojindo Labo-
ratories Co. (Kumamoto, Japan). EBV-EA positive serum from a
patient with nasopharyngeal carcinoma (NPC) was a gift from Pro-
fessor H. Hattori, Department of Otorhinolaryngology, Kobe Uni-
versity. Pectinase A ‘Amano’ was provided from Amano Enzyme
Inc. (Nagoya, Japan).

44. Cells

EBV genome-carrying lymphoblastoid cells (Raji cells derived
Burkitt's lymphoma) were cultured in 10% fetal bovine serum
(FBS) in RPMI-1640 under the conditions described previously.!*
Spontaneous activation of EBV-EA in our subline of Raji cells was
less than 0.1%.

4.5. Animals

Specific pathogen-free (SPF) female ICR and female SENCAR
mice (6 weeks old, respectively) were obtained from Japan SLC,
Inc. (Hamamatsu, Japan) and maintained 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 given food, Oriental MF (Oriental
Yeast Co., Tokyo, Japan), and water or aqueous sample solution ad
libitum during the experiments. All animal experiments were con-
ducted according to the Guidelines for Animal Experimentation at
Kyoto Prefectural University of Medicine.

4.6. Inhibition of EBV-EA activation assay

Inhibition of EBV-EA activation was assayed using Raji cells
(virus nonproducer type), an EBV genome-carrying human lym-
phoblastoid cell, which were cultivated in 10% fetal bovine serum
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(FBS) RPMI 1640 medium. The indicator cells (Raji, 1 x 10%/mL)
were incubated at 37 °C for 48 h in 1 mL of medium containing
n-butyric acid (4 mM as trigger), TPA (32 pM =20ng in 2 pL of
DMSO as inducer), and various amounts of the test compounds dis-
solved in 5 pL of DMSO (ca. 0.7% 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 detected
by an indirect immunofluorescence technique.” 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 com-
pound was expressed as ICsq value and as a relative ratio to the
positive control experiment (100%), which was carried out with
n-butyric acid (4 mM) plus TPA (32 pM). In the experiments, the
EBV-EA induction was normally around 35%, and this value was
taken as the positive control (100%). n-Butyric acid (4 mM) 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 positive 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.

4.7. Two-stage mouse skin carcinogenesis model induced by
DMBA/TPA

Animals (6 weeks old SPF female ICR mice for 1, 6 weeks old SPF
female SENCAR mice for 6 and 7) were divided into five experi-
mental groups of 15 mice each. The back of each mouse was
shaved with surgical clippers, and the mice were treated topically
with DMBA (100 mg, 390 nmol) in acetone (0.1 mL) as an initiation
treatment. For group la (positive control group of the ICR mice) and
group Ib (positive control group of the SENCAR mice), one week
after the initiation, papilloma formation was promoted twice a
week by the application of TPA (1 mg, 1.7 nmol) in acetone
(0.1 mL) on the skin. For groups II, III, IV and V, test samples [1,
6, 7 and glycyrrhizin (8) (85 nmol each)] in acetone (0.1 mL) were
topically applied for 1 h before the each promotion treatment.

The incidence of papilloma bearers and numbers of papillomas
per mouse were observed weekly for 20 weeks: the percentage of
mice bearing papillomas and the average number of papillomas
per mouse were recorded. A pathologist checked the type of tumor
in these experiments by histological examination. Statistical signif-
icance was determined using Student’s t-test.

4.8. Two-stage mouse skin carcinogenesis test induced by
peroxynitrite and TPA

Animals (6 weeks old SPF female SENCAR mice) were divided
into five experimental groups of 15 mice each. The back of each
mouse was shaved with surgical clippers, and the mice were trea-
ted topically with acetone (0.1 mL) and after 10 s, peroxynitrite
(33.1 pg, 390 nmol in 0.1 mL of 1 mM NaOH) as an initiation
treatment.

For group I (positive control group), one week after the initia-
tion, papilloma formation was promoted by the twice weekly
application of TPA (1 pg, 1.7 nmol) in acetone (0.1 mL) on the skin
(no papilloma formation was seen with topical application of the
acetone solvent alone). For groups II, III, IV and V, test samples
[1, 6, 7 and curcumin (9) (each 0.0025% in drinking water)] were
orally administered (average 7.5 mL per mouse per day) for two
weeks before the promotion treatment (from one week before ini-
tiation to one week after initiation). Subsequently, each group was

promoted by the twice a week application with TPA (1 pg,
1.7 nmol) in acetone (0.1 mL). The incidence of papilloma bearers
and numbers of papillomas per mouse were detected weekly for
20 weeks: the percentage of mice bearing papillomas and the aver-
age number of papillomas per mouse were recorded. Student’s t-
test was used for statistical analyses of the numbers of papillomas
per mouse. The animal weights were not statistically different be-
tween any of the groups in all in vivo assays.

Acknowledgements

We thank the late Professor Emeritus O. Tanaka, Professors
K. Yamasaki and R. Kasai, and Dr. K. Matsumoto of Hiroshima
University for their generous supply of the authentic samples of
stevioside and the related compounds. We also thank Amano En-
zyme Inc. for their generous supply of Pectinase A ‘Amano’. This
investigation was supported in part by the Frontier Research
Program of the Ministry of Education Science, and Culture of Japan
and NIH Grant CA-17625 from the National Cancer Institute and
GM-76152 from National Institute of General Medical Sciences
awarded to K. H. Lee.

References and notes

1. Tokuda, H.; Ichiishi, E.; Onozuka, M.; Yamaguchi, S.; Konoshima, T.; Takasaki,
M.; Nishino, H. In Biology of Nitric Oxide; Moncada, S., Tada, N., Maeda, H., Higgs,
E. A, Eds.; Portland Press: London, 1998; pp 185-186. Part 6.

2. Sakurai, N.; Kozuka, M.; Tokuda, H.; Mukainaka, T.; Enjo, F.; Nishino, H.; Nagai,
M.; Sakurai, Y.; Lee, K. H. Bioorg. Med. Chem. 2005, 13, 1403.

3. Takasaki, M.; Konoshima, T.; Murata, Y.; Sugiura, M.; Nishino, H.; Tokuda, H.;
Matsumoto, K.; Kasai, R.; Yamasaki, K. Cancer Lett. 2003, 198, 37.

4. Takasaki, M.; Konoshima, T.; Kuroki, S.; Tokuda, H.; Nishino, H. Cancer Lett.
2001, 173, 133.

5. Takasaki, M.; Konoshima, T.; Komatsu, H.; Tokuda, H.; Nishino, H. Cancer Lett.
2000, 158, 53.

6. Takasaki, M.; Tokuda, H.; Nishino, H.; Konoshima, T. J. Nat. Prod. 1999, 62, 972.

7. Konoshima, T.; Konishi, T.; Takasaki, M.; Yamazoe, K.; Tokuda, H. Biol. Pharm.
Bull. 2001, 24, 1440.

8. Konoshima, T.; Takasaki, M.; Ichiishi, E.; Murakami, T.; Tokuda, H.; Nishino, H.;
Duc, N. M.; Kasai, R.; Yamasaki, K. Cancer Lett. 1999, 147, 11.

9. Takasaki, M.; Konoshima, T.; Tokuda, H.; Masuda, K.; Arai, Y.; Shiojima, K;
Ageta, H. Biol. Pharm. Bull. 1999, 22, 606.

10. Konoshima, T.; Takasaki, M.; Tatsumoto, T.; Kozuka, M.; Kasai, R.; Tanaka, O.;
Nie, H.; Tokuda, H.; Nishino, H.; Iwashima, A. Biol. Pharm. Bull. 1994, 17, 668.

11. (a) Pure. Appl. Chem. 2002, 74, 1309; (b) Results for EBV-EA inhibition,
antitumor-promoting activity, and antitumor-inhibitory activity of stevioside
were presented at the 2nd IUPAC International Symposium on Sweeteners,
Hiroshima, Japan, November 13-17, 2001.

12. (a) Kozuka, M.; Tokuda, H.; Konoshima, T.; Takasaki, M.; Nishino, H.; Lee, K. H.
Abstracts of Papers, 46th Annual Meeting of the American Society of
Pharmacognosy, Oregon State University—Corvallis, OR, July 23-27, 2005.;
(b) Results for antitumor-promoting activities of steviol and isosteviol were
presented at this meeting.

13. (a) Kozuka, M.; Tokuda, H.; Konoshima, T.; Takasaki, M.; Nishino, H.; Lee, K. H.
Abstracts of Papers, 44th Annual Meeting of the American Society of
Pharmacognosy, Chapel Hill, NC, July 12-16, 2003.; (b) Results for EBV-EA
inhibition and antitumor-inhibitory activities of isosteviol were presented at
this meeting.

14. Ohigashi, H.; Takamura, H.; Koshimizu, K.; Tokuda, H.; Ito, Y. Cancer Lett. 1986,
30, 143.

15. Hanson, ]. R.; Oliveira, B. H. Nat. Prod. Rep. 1993, 10, 301.

16. Okamoto, H.; Yoshida, D.; Mizusaki, S. Cancer Lett. 1983, 19, 47.

17. Akihisa, T.; Hamasaki, Y.; Tokuda, H.; Ukiya, M.; Kimura, Y.; Nishino, H. J. Nat.
Prod. 2004, 67, 407.

18. Mizutani, K.; Kambara, T.; Masuda, H.; Tamura, Y.; Ikeda, T.; Tanaka, O.;
Tokuda, H.; Nishino, H.; Kozuka, M.; Konoshima, T.; Takasaki, M. In Towards
Natural Medicine Research in the 21st Century; Ageta, H., Aimi, N., Ebizuka, Y.,
Fujita, T., Honda, G., Eds.; Elsevier Science: Tokyo, 1998; pp 225-235.

19. Yasukawa, K.; Kitanaka, S.; Seo, S. Biol. Pharm. Bull. 2002, 25, 1488.

20. (a) Ito, C.; Itoigawa, M.; Ju-ichi, M.; Sakamoto, N.; Tokuda, H.; Nishino, H.;
Furakawa, H. Planta Med. 2005, 71, 84; (b) Kapadia, G. ].; Azuine, M. A.; Sridhar,
R.; Tsuruta, A.; Ichiishi, E.; Nishino, H.; Tokuda, H. Pharmacol. Res. 2003, 47, 141.

21. Masuda, T.; Hidaka, K.; Shinohara, A.; Maekawa, T.; Takeda, Y.; Yamaguchi, H. J.
Agri. Food Chem. 1999, 47, 71.

22. Onoda, M.; Inano, H. Nitric Oxide 2000, 4, 505.

23. Geuns, ]. M. C. Phytochemistry 2003, 64, 913.



	Cancer preventive agents. Part 8: Chemopreventive effects of stevioside and related compounds
	Introduction
	Results and discussion
	Inhibition of EBV-EA activation assay
	Two-stage carcinogenesis test on mouse skin induced by DMBA and TPA
	Two-stage carcinogenesis test on mouse skin induced by peroxynitrite and TPA

	Conclusions
	Experimental
	General
	Test compounds
	Chemicals
	Cells
	Animals
	Inhibition of EBV-EA activation assay
	Two-stage mouse skin carcinogenesis model induced by DMBA/TPA
	Two-stage mouse skin carcinogenesis test induced by peroxynitrite and TPA

	Acknowledgements
	References and notes


