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Cancer Preventive Agents 3. Antitumor Promoting Effects

of Agaricus blazei

Mutsuo Kozuka1, Masayoshi Oyama1, Harukuni Tokuda2, Hoyoku Nishino2, and Kuo-Hsiung Lee1

1Natural Products Laboratory, School of Pharmacy, University of North Carolina, Chapel Hill, North Carolina, USA;
2Department of Biochemistry, Kyoto Prefectural University of Medicine, Kamigyo-ku, Kyoto, Japan

Abstract

Oral and topical administration of the aqueous extract
of Agaricus blazei Murill produced strong inhibitory
effects on two-stage carcinogenesis of mouse skin
initiated by 7, 12-dimethylbenz[a]anthracene (DMBA)
and promoted by 12-O-tetradecanoylphorbol-13-acetate
(TPA) or UV-B. In each assay, the extract delayed the
formation of papillomas and reduced the number of
papillomas per mouse compared to the control group.
The results suggested that Agaricus blazei extract has
antitumor promoting activity and could be promising
for cancer prevention.

Keywords: Agaricus blazei Murill, antitumor promoting
activity, aqueous extract, chemoprevention, papilloma,
two-stage carcinogenesis test.

Introduction

Agaricus blazei Murill (ABM), family Agaricaceae, is a
mushroom (basidiomycetous fungus) originating in the
Piedade Mountain area located in the suburbs of Sao
Paolo, Brazil. The mushroom has attracted attention
because the inhabitants of that area suffer very little from
cancer and other adult diseases (Mizuno, 2002). In the
1980s, several research groups published reports on
the anticancer activity of this mushroom (Wasser &Weis,
1999; Mizuno, 2002). At present, not only antitumor, but
also immunostimulating (Nakajima et al., 2002), blood
sugar lowering (Nitaki, unpublished data), cholesterol
reducing (Watanabe et al., 2002), anti-hepatitis (Barbisan
et al., 2002), antiviral (Sorimachi et al., 2001), and
antioxidant activities (Maeda & Kanazawa, unpublished
data) are known for this mushroom. Its fruit bodies

contain immunostimulant polysaccharides, such as
(1!6)-b-D- and (1!3)-b-D-glucans (Ohno et al., 2001),
peptide glucan (Ebian & Fujimiya, 1998), antitumor
polysaccharide protein complex (Ito et al., 1997),
RNA-protein complex (Mizuno et al., 1990), cytotoxic
ergosterol derivatives (Kawagishi et al., 1988), and anti-
mutagenic and bactericidal substances (Osaki et al.,
1994). In addition, des-A-ergostane–type compounds
were isolated from cultured mycelia of ABM (Hirotani
et al., 2002). Now this rare mushroom is cultivated in
Brazil, Japan, China, and the United States and widely
popularized in many countries, especially in Japan,
Korea, and China, as a dietary supplement.

Our attention focused on ABM because of its various
bioactivities and possible tumor chemopreventive
activity (Pinheiro et al., 2003). We tested the aqueous
extract of the fruiting body of ABM because its practical
use involves the intact natural product, and synergism
is expected among constituents. In this study, we report
the results of inhibitory effects of topical and oral admin-
istration of the aqueous extract of ABM on two-stage
carcinogenesis tests of mouse skin tumor promotion
using 7,12-dimethylbenz[a]anthracene (DMBA) as
an initiator and 12-O-tetradecanoylphorbol-13-acetate
(TPA) or UV-B as a promoter.

Materials and Methods

Test sample

Dried fruit body of Agaricus blazei Murill (strain code:
Sabzl. 12.) was cultured by Sylvan Bioproducts Inc.
(Saxonburg, PA, USA) and generously supplied by Atlas
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World Co., Ltd. (Tokyo, Japan). The ground, dried fruit
body (20 g) was boiled with distilled water (1 l) for 3 h.
The hot aqueous extract was filtered and then freeze-
dried. The brown extract powder (yield: 10.3 g) was
stored in a desiccator.

Chemicals and instruments

7,12-Dimethylbenz[a]anthracene and 12-O-tetradeca-
noylphorbol-13-acetate were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). For freeze-drying,
a Labconco Model FreeZone 6 Liter Freeze Dry System
(Kansas City, MO, USA) was used. Torex FL 20SE-
30=DMR fluorescent sun lamps with peak emission at
305 nm (Toshiba Medical Supply, Tokyo, Japan) were
used for UV-B irradiation. UV-B flux was measured by
a UVR-305=365D digital radiometer (Opto-Electronic
Measuring Instruments, Toshiba Medical Supply,
Tokyo, Japan).

Animals

Specific pathogen-free (SPF) female ICR mice (6 weeks
old) were obtained from Japan SLC, Inc. (Hamamatsu,
Japan), and SPF female Hos, HR-1 hairless mice

(5-weeks old) were purchased from Hoshino Laboratory
Animals (Saitama, Japan). They were kept under SPF
conditions in Kyoto Prefectural University of Medicine
Animal Center. The mice were housed five per polycar-
bonate 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 sol-
ution ad libitum and maintained on a 12-h light=dark
cycle during the experiments. All animal experiments
were conducted according to the Guidelines for Animal
Experimentation at Kyoto Prefectural University of
Medicine.

In vivo two-stage carcinogenesis test on mouse skin

papillomas

Test A. DMBA=TPA–induced mouse skin carcinogenesis

The animals (SPF female ICR mice, 6 weeks old) were
divided into three 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
(100 mg, 390 nmol) in acetone (0.1ml) as an initiation
treatment. For group I (positive control group), 1 week
after the initiation, papilloma formation was promoted
twice a week by the application of TPA (1 mg, 1.7 nmol)

Figure 1. Inhibition of TPA-induced tumor promotion by multiple application of aqueous extract of Agaricus blazei Murill (oral and
topical administration). All mice were carcinogenically initiated with DMBA (390 nmol) and promoted with 1.7 nmol of TPA given
twice weekly starting 1 week after initiation. (A) Percentage of mice bearing papillomas; (B) average number of papillomas per mouse.
�, control TPA alone (group I); �, TPAþ aqueous solution of the extract (one-time dose per mouse: 50 mg) of Agaricus blazei Murill
(group II); �, TPAþ 0.0025% aqueous solution of the extract (average does of a mouse per day: 175–200 mg) (group III). At 20 weeks
of promotion, groups II and III were different from group I (p < 0.05) regarding papillomas per mouse.

Antitumor promoting effects of Agaricus 569



in acetone (0.1ml) on the skin. Group II received TPA
and topical administration of the ABM extract (one time
dose per mouse, 50 mg) in acetone (0.1ml) 1 h before TPA
treatment, and group III received TPA and oral admin-
istration of ABM extract (0.0025%=drinking water:
average dose: 175–200 mg mouse�1 day�1) 1 h before
TPA treatment. Papilloma formation was promoted
twice a week by the application of TPA (1 mg, 1.7 nmol)
in acetone (0.1ml) on the skin. The incidence of papil-
loma bearers and numbers of papillomas per mouse
were observed weekly for 20 weeks. The incidence (%)
of papilloma-bearing mice and the average numbers of
mice are presented in Figures 1A and 1B, respectively.

Test B. DMBA=UV-B–induced mouse skin
photocarcinogenesis

Five-week-old female Hos, HR-1 hairless female mice
were used. All mice were treated topically on the skin
of the back with DMBA (100 mg, 390 nmol) in acetone
(0.1ml) as the initiator. One week after initiation, the
mice were irradiated twice a week at a dose of 3.43 kJ=m2

each with a bank of six UV-B lamps. Three groups of
mice, each consisting of five mice, were treated as fol-
lows. Group I received UV-B treatment alone; group II

received UV-B and topical administration of the ABM
extract (one-time dose per mouse: 50 mg), and group III
was irradiated with UV-B and orally administered aque-
ous extract of ABM (0.0025%=drinking water: average
dose: 175–200 mg mouse�1 day�1). Skin tumors were
recorded and results presented in Figures 2A and 2B,
respectively.

In both tests A and B, the type of tumor was checked
by the pathologist with histological examination. Statisti-
cal significance was determined using student’s t-test.
The animal weights were not statistically different
between any of the groups in all in vivo assays.

Results and Discussion

Inhibition of TPA-induced tumor promotion by topical

and oral administration

As shown in Figure 1A, in group I (positive control), the
first tumor appeared after 6 weeks and the incidence of
papillomas was highly significant in 100% of mice at
10 weeks of promotion. Further, more than 4 and 9
papillomas were formed per mouse at 10 and 20 weeks
of promotion, respectively. In both group II (the ABM

Figure 2. Inhibition of UV-B–induced tumor promotion by multiple application of aqueous extract of Agaricus blazei Murill (oral
and topical administration). All mice were carcinogenically initiated with DMBA (390 nmol) and promoted with 8min irradiation of
UV-B (3430 J=m2) given twice weekly starting 1 week after initiation. (A) Percentage of mice bearing papillomas; (B) average number
of papillomas per mouse. �, control UVB along (group IV); �, UV-Bþ aqueous solution of the extract (one-time dose per mouse:
50 mg) of Agaricus blazei Murill (group V); �, UV-Bþ 0.0025% aqueous solution of the extract (average dose of a mouse per day:
175–200 mg) (group VI). At 20 weeks of promotion, groups V and VI were different from group IV (p < 0.05) regarding papillomas
per mouse.
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extract treated topically) and group III (the ABM extract
administered orally), the formation of papillomas on
mouse skin was delayed (the first tumor appeared after
8 weeks in group II and after 7 weeks in group III),
and the incidence of papilloma-bearing mouse was
reduced (in group II, 26.6% and 80%; in group III,
40% and 93.3% of mice bore papillomas at 10 and 20
weeks of promotion, respectively) (Fig. 1A). Also, only
1.5 and 4.8 (group II) and 1.6 and 4.1 (group III) papil-
lomas per mouse were recognized at the same time points
(Fig. 1B). Consequently, groups II and III exhibited
50.5% and 57.3% inhibition at 20 weeks of promotion,
respectively.

Inhibition of UV-B–induced tumor promotion by topical

and oral administration

As shown in Figure 2A, in group IV (control, treated
with DMBA=UV-B), the first tumor appeared after 7
weeks and the percentage of tumor-bearing mice in
group IV was 100% after 11 weeks of promotion.
Further, 1.9 and 4.3 papillomas were formed per mouse
at 11 and 20 weeks of promotion, respectively. However,
in both group V (treated with DMBA=UV-B and aq.
extract of ABM, topically) and group VI (treated with
DMBA=UV-B and aq. extract of ABM, orally), the for-
mation of papillomas on mouse skin was delayed (9
weeks and 8 weeks for first tumor formation in groups
V and VI, respectively) and the incidence of papilloma
bearers was reduced (group V, 20% and 86.6%; in group
VI, 33.3% and 93.3% of mice bore papillomas at 11 and
20 weeks of promotion, respectively) (Fig. 2A). Further,
the mean numbers of papillomas per mouse were also
reduced to 0.4 and 1.6 (group V) and 0.6 and 2.0 (group
VI) at the same time points. Consequently, groups V and
VI exhibited 62.7% and 53.5% inhibition of the average
number of tumors per mouse after 20 weeks of pro-
motion.

In conclusion, oral and topical administration of
the aqueous extract of Agaricus blazei Murill proved
effective against TPA- and UV-B–induced two stage
carcinogenesis on mouse skin. These results suggest that
the extract has antitumor promoting activity and could
be promising for cancer prevention.
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