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Abstract

Functional food investigations have demonstrated the presence of substances that could be beneficial to human
health when consumed. However, the toxic effects of some substances contained in foods have been determined.
Reported medicinal and nutritive properties have led to the extensive commercialization of the basidiomycete fungi
Agaricus blazei Murrill (sensu Heinemann), also known as Agaricus brasiliensis Wasser et al., Agaricus
subrufescens Peck or the Brazilian medical mushroom (BMM). Different methanolic extract fractions (ME) of this
mushroom were submitted to the cytokinesis-block micronucleus (CBMN) clastogenic assay and the hypo-
xanthine-guanine phosphoribosyl transferase locus (HGPRT) assay for gene mutation, both using Chinese hamster
ovary cells clone K1 (CHO-K1). The results suggest that all the fractions tested possess cytotoxic and mutagenic po-
tential but no clastogenic effects. Further information is needed on the biochemical components of the A. blazei
methanol fractions to identify any substances with cytotoxic and/or mutagenicity potential. These findings indicate
that A. blazei methanolic extract should not be used due to their genotoxicity and care should be taken in the use of A.
blazei by the general population until further biochemical characterization of this fungi is completed.
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Introduction

The increasing contact of people with novel synthetic
and natural chemicals from plants and fungi means that
there is a need to evaluated such chemicals for possible
genotoxic, mutagenic and carcinogenic effects. The major-
ity of carcinogenic chemicals are capable of interacting
with genetic material and there is a correlation between
mutagenicity and carcinogenicity, with sufficient informa-
tion available to suggest that cancer can be induced by
mutational events (Barrett, 1993). However, since geno-
toxic agents produce alterations in DNA they can be de-
tected by genetic assays and it is important that new
chemical agents and biological materials are subjected to
genotoxicity tests before being used by the general public
(Ames et al., 1973; Croce, 2001; Miyazaki et al., 2002).

A variety of in vitro mammalian cell gene mutation
tests have been widely used for investigating the genotoxic
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and antigenotoxic effects of chemical agents, including the
cytokinesis-block micronucleus (CBMN) clastogenic/
aneugenic assay to detect macrolesions and the hypoxan-
thine-guanine phosphoribosyl transferase locus (HGPRT)
assay for gene mutation at the 4gprt locus, both using Chi-
nese hamster ovary cells clone K1 (CHO-KI1). In the
CBMN micronucleus test cytochalasin-B blocks cytoki-
nesis but not nuclear division, resulting in the accumulation
of binucleated cells in the culture and the formation of
micronuclei due to the loss of chromatin as a result of struc-
tural chromosome damage (fragmentation) or a defect in
the mitotic apparatus (Phelps et al., 2002; Fenech et al.,
2003). The HGPRT assay is based on the fact that HGPRT
is a non-essential enzyme for in vitro cell growth because
purine nucleotides can be formed by de novo synthesis. In
the test, ~gprt locus mutants, produced by the action of the
mutagen under test, lose the capacity to metabolize purine
analogues such as 6-thioguanine (TG) which is thus lethal
only to wild-type cells, the mutant cells being easily identi-
fied using an agar medium containing TG (Li ef al., 1987;
Albertini, 2001).
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The basidiomycete fungus Agaricus blazei Murrill
(sensu Heinemann), also known as Agaricus brasiliensis
(Wasser et al., 2002) or Agaricus subrufescens Peck
(Kerrigan, 2005), has been reported to have antimutagenic
and chemoprotective effects on DNA. These effects have
been identified by our group mainly using aqueous extracts
and tests for the induction of macrolesions in DNA, such as
chromosomal aberrations (Bellini e al., 2003; Bellini et al.,
2006) and micronuclei formation (Menoli et al., 2001;
Oliveira ef al., 2002). However, the chemoprotective effect
in A. blazei aqueous extracts has not always been demon-
strated and our group has shown that the antimutagenicity
effects of water extracts of 4. blazei can vary because while
a V79 Chinese hamster lung cell micronucleus test showed
an antigenotoxic effect of A. blazei aqueous extracts against
the mutagen methanesulfonate (MMS) a comet test using
the same cells did not (Guterrez ef al., 2004). A subsequent
study by us (Guterrez et al., 2005) using a V79 cell
micronucleus test indicated that 3:1 chloroform/methanol
extracts of 4. blazei also had a protective effect against
MMS. In both these studies, the A. blazei extract did not
show any significant mutagenic effects.

Although A. blazei has been used by the general pop-
ulation to treat several diseases, including cancer (Kawa-
gishi et al., 1989; Takusaburo and Yoshiaki, 1998;
Yoshimura et al., 2005), its chemical composition has still
not been completely elucidated. Various 4. blazei extracts
obtained using different solvents have been evaluated and
the protective potential of compounds present in these ex-
tracts has been the subject of much published research,
some by our group (Delmanto ef al., 2001; Menoli ef al.,
2001; Luiz et al., 2003a; Machado et al., 2005; Bellini et
al., 2006) and some by other researchers (Sorimachi et al.,
2001; Kasai et al., 2004).

Although 4. blazei methanolic extracts are generally
not used by the general public there is still a need to assess
their safety, not only because of their possible future us but
also to shed light on the mechanism of action of 4. blazei in
regard to any protective functions its aqueous or organic
extracts may have. In the study described in this paper we
examined the mutagenic and protective capacities of frac-
tions of 4. blazei methanolic extracts using CHO-K1 and
the CBMN and HGPRT assays.

Material and Methods

Chinese hamster cell culture conditions

The CBMN and HGPRT assays were performed us-
ing CHO-K1 cells provided by the Mutagenesis Labora-
tory of the Faculdade de Medicina de Ribeirdo Preto, Uni-
versidade de Sdo Paulo (USP), Ribeirao Preto-SP, Brazil.
Cells were grown as monolayers in disposable culture
flasks with a surface area of 25 cm” using DMEM-F12
medium (Gibco BRL) supplemented with 10% (v/v) fetal
bovine serum (Gibco BRL) and 0.1% (v/v) antibiotic/
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antifungal solution (containing 10,000 units of penicillin,
10,000 pg of streptomycin and 25 pug of amphotericin
B mL™"). The flasks were inoculated with cells and placed
in a biological oxygen demand (BOD) incubator at 37 °C
and the cells grown for two complete 12 h cell cycles (24
h) before being used according to the protocol of each test.

Preparation of A. blazei extracts

Lineage 99/26 of Agaricus blazei Murrill (sensu
Heinemann) was provided by staff at the Department of
Crop Production, Faculdade de Ciéncias Agrarias, UNESP,
Botucatu, Sao Paulo State, Brazil. Five A. blazei metha-
nolic extract (ME) fractions were obtained from the De-
partment of Chemistry, Universidade Federal de Sao Car-
los (UFSCar), Sao Carlos-SP, Brazil. Extraction was as
follows, 869.90 g of dry and ground 4. blazei fruiting bod-
ies was sequentially extracted with 50:50 dichloromethane/
hexane, pure dichloromethane, 50:50 dichloromethane/
methanol, absolute methanol and, finally, 50:50 metha-
nol/water. The hydroalcoholic extract obtained was
partitioned with dichloromethane and the organic phase
concentrated and then partitioned with methanol/hexane to
produce hexane and methanol extracts. The 11.98 g of
methanolic extract was further purified using rapid chroma-
tography on plain 0.063-0.200 mm silica (Kieselgel,
Merck) using a sequential elution gradient of pure hexane
(ME1), 90:10 hexane/dichloromethane (ME2), 60:4
hexane/dichloromethane (ME3), 40:60 hexane/dichloro-
methane (ME4), pure dichloromethane (MES), 90:10 di-
chloromethane/methanol ~ (ME6),  50:50  dichloro-
methane/methanol (ME7) and absolute methanol (MES).
Of the eight fractions, three (ME4, MES, and ME6) were
insufficient for testing so only five were used in this study
(ME1, ME2, ME3, ME7 and MES).

The fractions were provided in paste form and con-
tained no residual methanol and were then dissolved in
dimethyl sulfoxide (DMSO: Mallinckrodt Company,
France) and diluted in phosphate buffered saline (PBS, con-
taining 0.2 g of KCl, 0.2 g of KH,PO4, 8 gNaCland 1.15 g
of Na,HPO, L", pH 7.4) to give a final concentration of
5 mg mL" in respect to the dry fraction. The diluted frac-
tions were separated into batches and stored frozen at
-20 °C until use. The final concentration in the cell culture

media was 100 ug mL™" in culture.

Positive control DNA damage-inducing agent

The alkylating agent ethyl methanesulfonate (EMS:
Acros Organics, USA) was used as a positive control to in-
duce DNA damage. The EMS was always freshly-
prepared by dissolving sufficient of this compound in
1 mL of PBS, pH 7.4, such that for both of the assays de-
scribed below the final EMS concentration in the positive
EMS control and the methanolic extract plus EMS cul-
tures was 620 g mL™.
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Cytokinesis-block micronucleus (CBMN) assay

In the CBMN assay, CHO-K1 were grown for 24 h, as
described above, and then pretreated by adding one of the
following to separate cultures: (A) 1 mL PBS, pH 7.4, (neg-
ative control); (B) 1 mL of PBS, pH 7.4, containing suffi-
cient EMS to produce a final EMS concentration of
620 ug mL™" in the culture media (positive control); (C) mu-
tagenicity assay, A. blazei fractions ME1, ME2, ME3, ME7
and MES added at a final concentration of 100 pug mL™’
(mutagenicity assay); or (D) MEI to MES plus the same
concentration of EMS (ME1 ¢1s, ME2es , ME3cins, ME 7
and MES,) as in the positive control (mutagenicity assay).
During treatment the cells were incubated for 3 h in se-
rum-free culture medium before replacing the old medium
with fresh medium supplemented with fetal bovine serum
and 3 pg mL™" of cytochalasin-B (Cyt-B: Acros Organics,
USA) and the cells incubated for a further 18 h to block
cytokinesis and produce binucleated cells. Cells were har-
vested by treatment with 0.025% (v/v) trypsin at 25 °C, rap-
idly made hypotonic with 1% (w/v) sodium citrate, fixed
with 3:1 (v/v) methanol/acetic acid and stained for 5 min
with 5% (v/v) Giemsa in phosphate buffer (0.06 M
Na,HPO, and 0.039 M KH,PO,, pH 7.0). Three separate
experiments (n = 3) were carried out for each pretreatment
(A, B, C and D, above) and 2000 binucleated cell were ex-
amined for pretreatment in each experiment, making a total
of 6000 binucleated cells per treatment (Fenech, 2000;
Garriot ef al., 2002; Phelps et al., 2002). The methanol ex-
tracts without EMS constituted the mutagenicity test group
while the methanol extracts with EMS formed the anti-
mutagenicity test group. The results were analyzed using
the Tukey-Kramer test at oo = 0.05.

Hypoxanthine-guanine phosphoribosyl transferase
locus (HGPRT) assay

The HGPRT assay was performed according to Li et
al. (1987) using the same pretreatment culture conditions
and treatments (A to D) as described for the CBMN assay.
Treatment was again for 3 h using serum-free culture me-
dium, after which the cells were treated with 0.025% (w/v)
trypsin, mixed and distributed into new flasks to determine
cytotoxicity and expression, if any, of the mutant genotype.
Cytotoxicity was determined in three replicate flasks each
containing 125 to 150 cells, which were examined after
seven days for the capacity to form colonies. Flasks used
for expression of the mutant phenotype were seeded with
2x10° cells, incubated for 48 h and the cells transferred to
new flasks, this process being repeated every 48 h for eight
days. After eight days the phenotypic expression of the mu-
tation frequency was determined by adding a known num-
ber of cells to medium with and without 10 ug mL™" of the
purine analogue 6-thioguanine (TG). For each treatment
there were three replicate flasks each containing 125-150
cells growing in medium without TG and 5 replicate flasks
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containing 10’ cells each growing in medium with TG. Cul-
tures were then incubated again for 9-10 days. The resultant
colonies were fixed in methanol, stained with 10% Giemsa
(v/v), and counted. Three separate experiments (n = 3) were
carried out for each treatment. Cytotoxicity was expressed
as cloning efficiency based on the number of colonies. Mu-
tation frequency was determined phenotypically as the
number of mutant colonies unable to grow without TG, cal-
culated from the difference in the number of colonies grow-
ing on media with and without TG. The results were
analyzed using the Tukey-Kramer test at o0 = 0.05.

Results and Discussion

In the CBMN assay the positive EMS control was, as
expected, significantly different (Tukey-Kramer test,
p <0.05) to the PBS negative control for both the mutageni-
city and antimutagenicity tests. However, neither the me-
thanolic extract fractions alone or the fractions plus EMS
(MEgys) showed any significant induction of micronuclei
compared to the negative control in either the mutagenicity
or antimutagenicity tests, indicating that the fractions
showed no significant mutagenicity or antimutagenicity ef-
fects (Table 1).

The mutagenicity test results for the HGPRT cyto-
toxicity assay suggests that all the fractions studied may be
cytotoxic, as indicated by the fact that the mean number of
colonies formed was significantly lower than for the PBS
negative control but not significantly different to the EMS
positive control (Table 1). Some fractions even showed a
lower, but not significantly lower, mean number of colo-
nies than the EMS positive control, with absolute and rela-
tive cloning efficiencies of below 50% (Table 1).
Furthermore, significantly more (Tukey-Kramer test,
p <0.05) cells treated with the fractions grew on the pheno-
type selection medium in relation to negative control cells
treated with PBS only (Table 1). In addition, the mutation
frequency (f;,) for the cells treated with the fractions only
were very high (Table 1), as much as 0.7701 for ME3, sug-
gesting mutagenesis at the HGPRT locus.

In the antimutagenicity test HGPRT cytotoxicity as-
say the mean number of colonies for the EMS positive con-
trol was, as expected, significantly lower (Tukey test,
p < 0.05) than that for the PBS negative control (Table 1).
However, although the mean number of colonies for the
EMS positive control was a little lower than each of the
means for the fractions plus EMS this difference was not
significant (Table 1). Furthermore, the means for the frac-
tions were lower, although not significantly lower, than that
for the PBS negative control (Table 1). This indicates only a
slight, or no, protective function for the extracts regarding
EMS cytotoxicity. In the phenotypic selection test, none of
the fractions plus EMS demonstrated a significant differ-
ence (Tukey-Kramer test, p <0.05) in the number of mutant
colonies recovered as compared to the EMS positive con-
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Table 1 - Cytokinesis-block micronucleus (CBMN) assay and hypoxanthine-guanine phosphoribosyl transferase locus (HGPRT) assay results for Chi-
nese hamster K1 cells treated with 100 ug mL™" Agaricus blazei methanolic extract fractions (ME1 to MES) without the addition of the mutagen ethyl
methanesulfonate (EMS) in a mutagenicity test and with the addition of 620 nug mL"' EMS (ME1gys to ME8Eys) in an antimutagenicity test. The positive
control was 620 ug mL™ EMS and the negative control was phosphate buffered saline (PBS). The micronuclei frequency is shown as the mean + standard
deviation. Percentage absolute cloning efficiency (%CE,) and relative cloning efficiency (%CEg) was based on the mean number of colonies or mutant
colonies. The mutation frequency (fy,) was calculated from the number of mutant colonies unable to grow without the purine analogue 6-thioguanine.

CBMN HGPRT assay

mi cif)sli}:cl o Cytotoxicity Phenotypic selection
Treatment group frequency Colonies %CEA %CEgr Mutant colonies %CEA fon (x107)
Mutagenicity test
ME1 11+52 30.5% 24.40 41.61 29.0%' 54.80 0.5292+F
ME2 13.7+55 137+ 10.96 18.69 26.0%" 49.84 0.5217*"
ME3 10.8+3 37.0%F 29.60 50.48 34,5+ 44.80 0.7701*"
ME7 13.5+8 30,7+ 24.56 41.88 17.4% 52.80 0.3295%"
MES 16773 24.7%F 19.76 33.70 16.5%" 50.40 0.3274*"
Positive control 27.5+15.9% 32.3% 26.16 44.61 17.2% 52.88 0.3252*
Negative control 6.7+6 73.3 58.64 - 0.4 95.04 0.0042
Antimutagenicity test
ME sy 253+90 100.0° 80.00 68.87 35.2% 60.28 0.5839*"
ME2ggy 24.7+4.7 108.2° 86.56 74.52 42.5% 83.32 0.5101*"
ME3sgy 32+6.5 111.7° 89.36 76.93 42.1% 88.24 0.4771*
ME 75y 49.7+10.7 119.3° 95.36 82.09 34,0 97.08 0.3502%*"
ME8sgy 31+45 108.2° 86.56 74.52 26.1% 75.60 0.3452%"
Positive control 27.5+15.9* 75.5% 60.40 52.00 32.9% 56.00 0.5875%
Negative control 6.7+6 145.2 116.16 - 3.4 101.08 0.0336

*Statistically significant difference within the same column and treatment group as compared to the negative control for that treatment group (Tukey-

Kramer test p=0.001 <p <0.05).

"No statistically significant difference within the same column and treatment group as compared to the positive control for that treatment group

(Tukey-Kramer test p = 0.001 < p < 0.05).

trol but all the fractions plus EMS, and the EMS positive
control, showed significantly more (Tukey-Kramer test,
p <0.05) mutant colonies when compared to the PBS nega-
tive control (Table 1). The lack of chemoprotective effect
by the fractions was also evident from the high phenotype
selection absolute cloning efficiency in selective medium
and the high mutation frequencies, all being statistically
equal to the EMS positive control but different to the nega-
tive control.

Many fungi are capable of producing secondary me-
tabolites, some of which are pigments, antimicrobials or
toxins for plants and animals. Fungal toxins can disrupt cel-
lular energy production, inhibit glucose transport, block
protein synthesis and cause the formation of DNA adducts,
the latter being responsible for the carcinogenic and muta-
genic properties of some fungi (Mizuno, 1995).

The basidiomycete A. blazei has been extensively
consumed as a food and therapeutic agent and aqueous ex-
tracts of this fungi have been substantially investigated for
their antimutagenic, antigenotoxic, anticarcinogenic and
anticlastogenic potentials in various test systems by our
group (Delmanto et al., 2001; Menoli et al., 2001; Barbisan

etal.,2002; Bellini et al., 2003; Machado et al., 2005; Bel-
lini et al., 2006) and by other researchers (Osaki et al.,
1994).

We examined A. blazei methanolic extract fractions
only and found that in the CBMN assay none of the frac-
tions showed any antimutagenic effect. However, the
HGPRT cytotoxicity assay indicated that all the fractions
may have some toxic effect. In addition, no antimutagenic
effect was found after selection of the HGPRT mutant phe-
notype, supporting our results with the CBMN assay.

Studies by our group have reported chemoprotective
activity for A. blazei extracts, but it is evident that the pro-
tective effect depends on type of extract and which compo-
nents (aqueous or organic) are present in its composition
(Luiz et al., 2003a; Luiz et al., 2003b; Bellini ef al., 2006).
Our group has also reported that that 4. blazeiaqueous ex-
tracts from different geographic locations varied in anti-
genotoxic activity, some being more efficient while others
had no protective effect (Guterrez et al., 2004). Moreover,
the chemoprotection provided by such extracts is variable
depending on the type of damage caused by the dam-
age-inducing agent, with a specific extract being protective
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against one agent but not necessarily against others. Mem-
bers of our group have also shown that aqueous extracts can
have a protective effect in mice against the in vivo clasto-
genicity induced by cyclophosphamide (Delmanto et al.,
2001) and we have also reported an in vitro antimutagenic
effect against methyl methanesulfonate (Menoli et al.,
2001; Bellini et al., 2003). To date, studies of A. blazei have
shown no mutagenic effects for 4. blazei extracts, for ex-
ample, we made 4. blazeiaqueous infusions at different
temperatures and tested them using the CBMN and comet
assays but found no mutagenic effects. (Oliveira et al.,
2002).

In our experiments, because the methanol was used as
solvent only, and was totally evaporated from the 4. blazei
extracts, it is unlikely that it could have damaged the DNA.
However, since we conducted no tests for methanol or
methylation, further studies are needed to confirm the ab-
sence of these factors. The HGPRT assay detects more sub-
tle DNA changes (point mutations) than CBMN assay (Li
etal., 1987), which may explain why the former, but not the
latter, detected mutagenic effects.

Only a few studies have been accomplished with 4.
blazei organic extracts. These include the study in our labo-
ratory by Guterrez et al. (2004), who evaluated 4. blazei or-
ganic extracts using the CBMN and comet assays but found
no significant genotoxic effects. We have also used CHO-
K1 cells and a chromosomal aberration test to assess a 3:1
chloroform/methanol A. blazei extract and found that when
the extract was present at a concentration of 0.83% there
was a significant decrease in mitotic index (Luiz et al.,
2003a). We have tested sub-fractions of an hexanic extract
of A. blazei and found differences in genotoxicity and
cytotoxicity between the extracts (Machado et al., 2005).
We also tested different 4. blazeiorganic extracts (hexanic,
methanolic and n-butanolic) using an in vitro chromosome
aberration test and found anticlastogenicity activity but
when a metabolic cell lineage and the CBMN assay was
used we observed that the n-butanolic extract produced
genotoxic effects (Bellini ef al., 2006). Taken together,
these results suggest that 4. blazeiorganic extracts can con-
tain substances with cytotoxic, mutagenic and/or anti-
mutagenic effects. However, manifestation of these effects
depends on the cell system, type of assay and protocols
used, all of which could be involved in effects attributed to
A. blazeiextracts. Our findings regarding the mutagenic ef-
fects of methanolic 4. blazeiextracts are supported by simi-
lar findings in respect of methanolic extracts of African
plants, which have also demonstrated mutagenicity (Elgo-
rashi et al., 2003; Reid et al., 20006).

Our results suggest that all the fractions possess cyto-
toxic and mutagenic potential, but no clastogenic and/or
aneugenic effects. Chemical evaluation of the fractions has
not yet been made, which means that a more detailed dis-
cussion on the biological activity of the fractions cannot be
made. The apparent low effectiveness of 4. blazei metha-
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nolic extracts in protecting DNA and the possible adverse
effects of these methanolic extracts reported in the present
paper contrast with previous results relating to 4. blazei
aqueous extracts published by us and other workers suggest
that it is better to use 4. blazei as an unprocessed simple
aqueous infusion. It is possible that the protective effect of
A. blazeiaqueous extracts may be due to a mixture or com-
plex of compounds and not just a single component, which
would account for loss of activity when more purified ex-
tracts are studied.

Summarizing, our results suggest that the A. blazei
methanolic fractions tested do not provide chemoprotec-
tion, and that all fractions are potentially mutagenic as de-
termined by the HGPRT assay. Furthermore, it is evident
that more tests are necessary for the investigation of the bi-
ological effects of both methanolic and aqueous 4. blazei
extracts and their interactions with cell metabolism before
recommending their large-scale use by the general public,
something which is already occurring in various countries.
These findings indicate that A. blazei methanolic extract
should not be used due to their genotoxicity and care should
be taken in the use of 4. blazei by the general population
until further biochemical characterization of this fungi is
completed.
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