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Abstract

Agaricus blazei Murrill extracts have previously been shown to have anticarcinogenic and antimutagenic properties. These
results suggest that antimutagenic activity, besides the modulation of the immune system, might be involved in the anticar-
cinogenic action of A. blazei. To investigate the possible antimutagenic effect of A. blazei in vivo, we evaluated its effect on
clastogenicity induced by cyclophosphamide (CP) in mice, using the micronucleus test in bone marrow (MNPCE) and in
peripheral blood (MNRET). Male Swiss mice were treated with CP (25 or 50 mg/kg i.p.) or with CP plus mushroom solution at
three different temperatures: 4, 21, and 60◦C. Aqueous solution of a mixture from various lineages of the mushroom inhibited
induction of micronuclei by CP in bone marrow and in peripheral blood of mice. In contrast to the mixture of lineages, a single
isolated lineage did not lead to a reduction of CP-induced MN frequencies in either bone marrow or blood cells of mice. The
results suggest that under certain circumstances these mushrooms exhibit antimutagenic activities that might contribute to an
anticarcinogenic effect. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Various mushrooms have a long history of use in
folk medicine, and higher Basidiomycetes have be-
come matters of great interest, due to their many-fold
nutritional, medicinal, and pharmacological proper-
ties. Mushroom extracts are widely sold as nutritional
supplements and touted as beneficial for health.
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However, only a few studies are available on the
biological effects of mushroom consumption.

The mushroom Basidiomycete Agaricus blazei
Murrill, a native mushroom in Brazil, popularly
known in Japan as Himematsutake, has been largely
produced and consumed as food and tea, due to its
medicinal effects, possibly including anticarcinogenic
activities. This mushroom has been considered a
potent chemopreventive agent, but its mechanisms of
action are still unknown. Studies with isolated frac-
tions of the fruit body of A. blazei showed that some of
them exhibit antimutagenic, anticarcinogenic, and im-
munostimulative activities [1–3]. The antimutagenic
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effect of A. blazei extracts, evaluated by the Ames/
Salmonella/microsome assay, show that various frac-
tions (IIa, IIb, IIc and IId) of mushroom inhibited the
mutagenicity of benzo-(a)pyrene (B(a)P), and that
linoleic acid was found to be the main substance asso-
ciated with such activity [3]. Furthermore, antitumor
activity was detected in the fraction III-2b, containing
a (1 → 6)�-d-glucan–protein, a complex consisting
of protein (43.3%) and carbohydrate (50.2%), with a
high content of the amino acids alanine and leucine
and a low content of methionine, histidine, and tyro-
sine [4,5]. This activity was characterized by growth
inhibition of sarcoma-180 implanted s.c. in mice, pos-
sibly due to the immunostimulating and immunomod-
ulatory properties of the polysaccharide–protein
complex of the fraction III-2b [2]. The antitumor ac-
tivity of polysaccharide–protein complex, including
�-d-glucans, from the mushroom A. blazei, is possibly
due to immunological host-mediated mechanisms in-
volving the action of various immunocompetent cells
[6–8]. A selective tumoricidal effect of soluble pro-
teoglucan extracted from A. blazei Murrill, mediated
via natural killer-cell activation and by the induction
of apoptosis was demonstrated by Fujimiya et al. [9].
It seems to suggest that the polysaccharides from A.
blazei may be important both as a nutritionally func-
tional food and as a prophylaxis against diseases such
as cancer [10,11].

To further elucidate the mechanisms involved in
the anticarcinogenic activity of A. blazei, we then
investigated, its possible antimutagenic effect in vivo.
The effect of A. blazei was tested on the clastogenic-
ity induced by cyclophosphamide (CP) in mice using
the micronucleus test (MNT) in bone marrow and
peripheral blood cells.

2. Materials and methods

2.1. Animals

Male Swiss mice aged 7–8 weeks (weighting
35–40 g), obtained from the breeding colony of the
Centro de Bioterismo da Universidade de Campinas,
SP, Brazil, were used. The animals were housed in
plastic cages and were kept in an air-conditioned room
(20–25◦C) with a 12 h light–dark cycle, at 55 ± 10%
humidity, receiving food and water ad libitum.

2.2. Chemical

CP, Genuxal, Asta Médica, Lot No. 807034,
was dissolved in 0.9% NaCl and administered in-
traperitoneally (i.p.) injection at final doses of 25 or
50 mg/kg.

2.3. Preparation of mushroom solutions

The mushroom A. blazei Murrill was obtained
from Departamento de Produção Vegetal, Faculdade
de Ciências Agronômicas, Botucatu, SP, Brazil. Dry
mushrooms were pulverized and aqueous extracts
were prepared from the powder (2.5 g in 100 ml) at
three different temperatures: 4, 21, and 60◦C. The
solutions were filtered and used at room temperature.
The animals were treated orally by gavage (0.6 ml/day
per animal) for 15 consecutive days. The total amount
of mushroom extract delivered per animal was about
0.225 g.

2.4. Micronucleus test

The micronucleus assay from bone marrow or pe-
ripheral blood cells was performed according to the
protocol described by MacGregor et al. [12] and by
Hayashi et al. [13], respectively. The number of mi-
cronucleated cells was counted in 1000 polychromatic
erythrocytes (PCEs) and in 1000 reticulocytes (RETs)
per animal. The slides were analyzed in a blind test,
using a light microscope with a 100× immersion ob-
jective for PCEs, and a fluorescent microscope with a
combination of a blue excitation (e.g. 488 nm) and a
yellow to orange barrier filter (e.g. 515 nm long pass),
with a 40× objective, for RETs.

The percentage of reduction in the frequency of
MN, was calculated according to Manoharan and
Banerjee [14] and Waters et al. [15], by the following
formula:

reduction (%)

= frequency of MN in A − frequency of MN in B

frequency of MN in A − frequency of MN in C
×100

where A is the group treated with CP (positive con-
trol); B the group treated with mushroom solutions
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plus CP; and C the group treated with 0.9% NaCl
(negative control).

3. Experimental designs

3.1. Experiment 1

3.1.1. MNT with a mixture of lineages from A. blazei
To investigate the protective effect of A. blazei so-

lutions (mixture of the lineages AB 96/07, AB 96/09,
and AB 97/11) against the clastogenicity induced
by cyclophosphamide (25 or 50 mg/kg body weight
(b.w.)), the animals were divided into 12 groups of 12
animals each (Fig. 1).

In group 1 (a,b), mice received drinking wa-
ter (0.6 ml/day by gavage) for 2 weeks, and were
i.p.-treated on day 15 with 0.9% NaCl. Groups 2 (a,b),
and 3 (a,b) received drinking water (0.6 ml/day by
gavage) for 2 weeks, and were treated with CP on day
15 (group 2: 25 mg/kg b.w. i.p.; group 3: 50 mg/kg
b.w. i.p.). Groups 4 (a,b)–9 (a,b) received solutions of
mushroom (0.6 ml/day by gavage) prepared at three

Fig. 1. Experimental design to evaluate the effects of mushroom A. blazei Murrill (mixture of different lineages) on the induction of
micronuclei by cyclophosphamide (Section 3.1).

different temperatures: 4◦C (groups 4 and 7), 21◦C
(groups 5 and 8), and 60◦C (groups 6 and 9), for the
2 weeks before treatment with CP 25 mg/kg (groups
4–6) or 50 mg/kg (groups 7–9) on day 15. Groups 10
(a,b), 11 (a,b), and 12 (a,b) received only treatments
with mushroom solutions during 2 weeks, to investi-
gate a possible effect on spontaneous micronucleus
frequencies.

The animals were killed by cervical dislocation,
on day 16 (groups 1a–12a) for the evaluation of mi-
cronucleated polychromatic erythrocytes (MNPCEs)
in bone marrow, then, on day 17 (groups 1b–12b) for
the evaluation of micronucleated retyculocytes (MN-
RETs) in peripheral blood.

3.2. Experiment 2

3.2.1. MNT with a single lineage of A. blazei
In order to investigate the protective effects of A.

blazei (isolated lineage AB 99/26-Jun 17) against the
clastogenicity induced by cyclophosphamide, the an-
imals were divided into 8 groups of 20 animals each
(Fig. 2).
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Fig. 2. Experimental design to evaluate the effects of A. blazei Murrill (single lineage) on the induction of micronuclei by cyclophosphamide
(Section 3.2).

In group 1 (a,b) mice received drinking water
(0.6 ml/day by gavage) for 2 weeks before the treat-
ment with 0.9% NaCl (i.p.). Group 2 (a,b) received
drinking water (0.6 ml/day by gavage) for 2 weeks,
and was treated with CP 50 mg/kg on day 15. Groups 3
(a,b)–8 (a,b) received mushroom solutions (0.6 ml/day
by gavage) prepared at three different temperatures:
4 (groups 3 and 6), 21 (groups 4 and 7), and 60◦C
(groups 5 and 8), during the 2 weeks before the treat-
ment with CP 50 mg/kg. In groups 6 (a,b)–8 (a,b), the
mice only received treatments with mushroom solu-
tions, to investigate a possible effect on spontaneous
micronucleus frequencies.

The animals were killed by cervical dislocation
on day 16 (groups 1a–8a) for the evaluation of mi-
cronucleated polychromatic erythrocytes (MNPCEs)
in bone marrow, then, on day 17 (groups 1b–8b)
for the evaluation of micronucleated retyculocytes
(MNRETs) in peripheral blood.

4. Statistical analysis

The data from the micronucleus assay statistically
analyzed by the Chi-square test [16]. The significance
level considered was P < 0.05.

5. Results

5.1. Experiment 1

Table 1 shows the frequencies of MN in PCEs of
mice treated with a mixture of lineages from A. blazei
and with CP (25 or 50 mg/kg). CP alone induced a
clear and dose-related increase in MN frequencies.
Pre-treatment with A. blazei solutions led to a statis-
tically significant reduction in the frequency of MN
in PCEs induced by CP in both doses. The reduction
was between 30 and 50%, it was not clearly related
to the temperature at which the mushroom solutions
were prepared. While the solution prepared at 4◦C
in combination with CP 25 mg/kg had the strongest
effect, the solution prepared at 21◦C, in combination
with CP 50 mg/kg. Taken together, these results sug-
gest that the mushroom A. blazei, prepared at three
different temperatures, provides protection against
the genotoxicity of CP. The results also show that the
frequencies of MN in PCE of animals treated only
with the solution of mushroom are not different from
those of untreated controls.

Table 2 shows the frequencies of MN in RETs
of mice treated with a mixture of lineages from A.
blazei and with CP (25 or 50 mg/kg). CP induced a
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Table 1
The effect of treatment with A. blazei Murrill (mixture of lineages) on the micronuclei induced by CP in bone marrow cells of micea

Treatment Number of analyzed cells MNPCEs Reduction (%)

Number %

Water + 0.9% NaCl (negative control) 6000 5 0.08
Water + CP (25 mg/kg) (positive control) 6000 80 1.33

A. blazei
Solution 1 + CP (25 mg/kg) 6000 40 0.66∗∗∗ 53.6
Solution 2 + CP (25 mg/kg) 6000 57 0.95∗ 30.4
Solution 3 + CP (25 mg/kg) 6000 57 0.95∗ 30.4

Water + CP (50 mg/kg) (positive control) 6000 135 2.25

A. blazei
Solution 1 + CP (50 mg/kg) 6000 68 1.13∗∗∗ 51.6
Solution 2 + CP (50 mg/kg) 6000 65 1.08∗∗∗ 53.9
Solution 3 + CP (50 mg/kg) 4000b 57 1.42∗∗ 38.3

Solution 1 6000 4 0.07
Solution 2 6000 9 0.15
Solution 3 6000 8 0.13

a A. blazei solution 1, 4◦C; solution 2, 21◦C (room temperature); solution 3, 60◦C.
b Two animals died.
∗ P < 0.05.
∗∗ P < 0.01.
∗∗∗ P < 0.001.

Table 2
The effect of treatment with A. blazei Murrill (mixture of lineages) on the micronuclei induced by CP in peripheral blood cells of micea

Treatment Number of analyzed cells MNRETs Reduction (%)

Number %

Water + 0.9% NaCl (negative control) 6000 13 0.21
Water + CP (25 mg/kg) (positive control) 6000 85 1.42

A. blazei
Solution 1 + CP (25 mg/kg) 6000 34 0.57∗∗ 70.3
Solution 2 + CP (25 mg/kg) 6000 33 0.55∗∗ 71.9
Solution 3 + CP (25 mg/kg) 6000 57 0.95∗ 38.8

Water + CP (50 mg/kg) (positive control) 6000 151 2.52

A. blazei
Solution 1 + CP (50 mg/kg) 6000 42 0.70∗∗ 78.8
Solution 2 + CP (50 mg/kg) 6000 40 0.67∗∗ 80.1
Solution 3 + CP (50 mg/kg) 6000 67 1.12∗∗ 60.6

Solution 1 6000 13 0.22
Solution 2 5000b 5 0.10
Solution 3 6000 14 0.23

a A. blazei solution 1, 4◦C; solution 2, 21◦C (room temperature); solution 3, 60◦C.
b Two animals died.
∗ P < 0.01.
∗∗ P < 0.001.
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Table 3
The effect of A. blazei Murrill (lineage AB 99/26-Jun 17) on the
frequencies of micronuclei induced by CP in bone marrow cells
of micea

Treatment Number of
analyzed cells

MNPCEs

Number %

Water + 0.9% NaCl
(negative control)

10000 14 0.14

Water + CP (50 mg/kg)
(positive control)

10000 333 3.33

A. blazei
Solution 1 + CP 10000 350 3.50
Solution 2 + CP 10000 328 3.28
Solution 3 + CP 10000 313 3.13

Solution 1 10000 17 0.17
Solution 2 10000 15 0.15
Solution 3 10000 13 0.13

a A. blazei solution 1, 4◦C; solution 2, 21◦C (room tempera-
ture); solution 3, 60◦C.

clear and dose-related increase in MN frequencies.
Pre-treatment with A. blazei solutions led to a statis-
tically significant reduction in the frequency of MN
induced by CP in RETs. The reduction was between
38 and 80%, but was not clearly related to the temper-
ature at which the solution was prepared. In combina-
tion with both 25 mg/kg CP or 50 mg/kg, the solution
prepared at 21◦C led to the greatest reduction. Taken
together, these results suggest that the mushroom A.
blazei, prepared at three different temperatures, pro-
vides protection against the genotoxicity of CP. The
results also show that the frequencies of MN in RETs
of animals treated only with the solution of mushroom
are not different from those of untreated controls.

5.2. Experiment 2

Tables 3 and 4, respectively, show the frequencies
of MN in PCEs and in RETs, of mice treated with so-
lutions of mushroom (one single lineage) before treat-
ment with CP. The results show that the mushroom
solutions prepared at different temperatures did not
significantly influence the mutagen-induced MN fre-
quencies. The results also show that the frequencies of
MN in PCEs or RETs of animals treated only with the
solution of mushrooms are not different from those of
untreated controls.

Table 4
The effect of A. blazei Murrill (lineage AB 99/26-Jun 17) on the
frequencies of micronuclei induced by CP in peripheral blood cells
of micea

Treatment Number of
analyzed cells

MNRETs

Number %

Water + 0.9% NaCl
(negative control)

10000 23 0.23

Water + CP (50 mg/kg)
(positive control)

10000 286 2.86

A. blazei
Solution 1 + CP 10000 253 2.53
Solution 2 + CP 10000 242 2.42
Solution 3 + CP 10000 229 2.29

Solution 1 10000 32 0.32
Solution 2 10000 32 0.32
Solution 3 10000 19 0.19

a Positive control. A. blazei solution 1, 4◦C; solution 2, 21◦C
(room temperature); solution 3, 60◦C.

6. Discussion

A. blazei Murrill extracts have previously been
shown to have anticarcinogenic properties [2,6]. The
mechanism of the anticarcinogenic action is not com-
pletely understood; but it seems that the mushroom
extract modulated the response of the immune system
[6]. It was also found that extracts from A. blazei
inhibited the mutagenicity of benzo(a)pyrene in the
Ames Salmonella microsome assay [3]. These results
suggest that antimutagenic activity might also be in-
volved in the anticarcinogenic action of A. blazei.
We therefore, started to investigate the antimutagenic
potential of A. blazei in vivo. The results presented
here actually indicate that aqueous solutions extracted
from A. blazei exhibit antimutagenic activity against
the in vivo DNA damaging effect of the indirectly
acting alkylating agent CP. Aqueous solutions of a
mixture from various lineages of the mushroom in-
hibited the induction of micronuclei by CP in mice
bone marrow and peripheral blood cell. Because, in
folk medicine, teas from A. blazei are prepared at dif-
ferent temperatures, we have also tested the possible
influence of the kind of preparation on the antimuta-
genic effect. However, the results did not indicate any
significant influence of the temperature at which the
solution was prepared on the antimutagenic activity.
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Solutions prepared at the three different tempera-
tures (4, 21, and 60◦C) led to reduced micronucleus
frequencies without showing systematic differences.
Interestingly, no antimutagenic activity was found for
a single lineage of A. blazei in the MNT. In contrast
to the mixture of lineages used in the first experi-
ment, the single lineage did not lead to a reduction of
CP-induced MN frequencies in either bone marrow or
blood of mice. At present, there is no explanation for
this conflicting result, but it might indicate that the
antimutagenic component is not equally distributed
between different lineages and/or that it is not equally
present in the mushrooms at different periods of the
year. Further studies are therefore, required to better
characterize the antimutagenic activity of A. blazei
extracts and to identify their active compounds and
their mode of action. But our results strongly suggest
that under certain circumstances these mushrooms
exhibit antimutagenic activities that might contribute
to an anticarcinogenic effect.

Acknowledgements

This study was supported with grants from Fun-
dação de Amparo à Pesquisa e Extensão do Estado de
São Paulo (FAPESP), Brazil and Conselho Nacional
de Desenvolvimento Cientı́fico e Tecnológico (CNPq),
Brazil.

References

[1] K. Shimura, H. Ito, H. Hibasami, Screening of host-mediated
antitumor polysaccharides by crossed immunoelectrophoresis
using fresh human serum, Jpn. J. Pharmacol. 33 (2) (1983)
403–408.

[2] H. Itoh, H. Ito, H. Amano, H. Noda, Inhibitory action of a
(1 → 6)-�-d-glucan–protein complex (FIII-2b) isolated from
A. blazei Murrill (Himematsutake) on Meth A fibrosarcoma
bearing mice and its antitumor mechanism, Jpn. J. Pharmacol.
66 (2) (1994) 265–271.

[3] Y. Osaki, T. Kato, K. Yamamoto, J. Okubo, T. Miyazaki,
Antimutagenic and bactericidal substances in the fruit body
of a Basidiomycete Agaricus blazei, Jun-17, Yakugaku-Zasshi
114 (5) (1994) 342–350.

[4] H. Kawagishi, R. Inagaki, T. Kanao, T. Mizuno, K. Shimura,
H. Ito, T. Hagiwara, T. Nakamura, Fractionation and antitumor

activity of water-insoluble residue of Agaricus blazei fruiting
bodies, Carbohydr. Res. 186 (2) (1989) 267–273.

[5] H. Kawagishi, T. Kanao, R. Inagaki, T. Mizuno, K.
Shimura, H. Ito, T. Hagiwara, T. Nakamura, Formolysis of a
potent antitumor (1 → 6)-�-d-glucan–protein complex from
Agaricus blazei fruiting bodies and antitumor activity of
resulting products, Carbohydr. Polymers 12 (1990) 393–403.

[6] H. Ito, K. Shimura, H. Itoh, M. Kawade, Antitumor effects
of a new polysaccharide–protein complex (ATOM) prepared
from Agaricus blazei (IWADE Strain 101) Himematsutake
and its mechanisms in tumor bearing mice, Anticancer Res.
17 (1997) 277–284.

[7] T. Ebina, Y. Fujimiya, Antitumor effect of a peptide–
glucan preparation extracted from Agaricus blazei in a double-
grafted tumor system in mice, Biotherapy 11 (4) (1998)
259–265.

[8] Y. Fujimiya, Y. Susuki, R. Katakura, T. Ebina, Tumor-specific
cytocidal and immunopotentiating effects of relatively low
molecular weight products derived from the basidiomycete,
Agaricus blazei Murrill, Anticancer Res. 19 (1A) (1999) 113–
118.

[9] Y. Fujimiya, Y. Suzuki, K. Oshiman, H. Kozori, K. Moriguchi,
H. Nakashima, Y. Matumoto, S. Takahara, T. Ebina, R.
Katakura, Selective tumoricidal effect of soluble proteoglucan
extracted from the basidiomycete, Agaricus blazei Murrill,
mediated via natural killer cell activation and apoptosis,
Cancer Immunol. Immunother. 46 (1998) 147–159.

[10] M. Mizuno, M. Morimoto, K. Minato, H. Tsuchida,
Polysaccharides from Agaricus blazei stimulate lymphocyte
T cell subsets in mice, Biosci. Biotechnol. Biochem. 62 (3)
(1998) 434–437.

[11] S.P. Wasser, A.L. Weis, Therapeutic effects of substances
occuring in higher Basidiomycetes mushrooms: a modern
perspective, Crit. Rev. Immunol. 19 (1999) 65–96.

[12] J.T. MacGregor, J.A. Heddle, M. Hite, B.H. Margolin, C.
Ramel, M.F. Salamone, R.R. Tia, D. Wild, Guidelines for the
conduct of micronucleus assay in mammalian bone marrow
erythrocytes, Mutat. Res. 189 (1987) 103–112.

[13] M. Hayashi, I. Morita, Y. Kodama, T. Sofuni, M. Ishidate
Jr., The micronucleus assay with mouse peripheral blood
reticulocytes using acridine orange-coated slides, Mutat. Res.
245 (1990) 245–249.

[14] K. Manoharan, M.R. Banerjee, �-Carotene reduces sister
chromatid exchange induce chemical carcinogens in mouse
mammary cells in organ culture, Cell Biol. Int. Rep. 9 (1985)
783–789.

[15] M.D. Waters, A.L. Brady, H.F. Stack, H.E. Brockman,
Antimutagenicity profiles for some model compounds, Mutat.
Res. 238 (1990) 57–85.

[16] C.A.B. Pereira, Teste estatı́stico para comparar proporções em
problemas de citogenética, in: M.N. Rabello-Gay, M.A.L.R.
Rodrigues, R. Montelleone-Neto (Eds.), Mutagênese,
Teratogênese e Carcinogênese, Métodos e Critérios de
Avaliação, São Paulo, FCA, 1991, pp. 113–121.


