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The modifying potential of crude extracts of the mushroom Aga-
ricus blazei Murrill (Himematsutake) on the development and
growth of glutathione S-transferase placental form (GST-P)-posi-
tive liver foci (liver preneoplastic lesion) was investigated in adult
male Wistar rats. Six groups of animals were used. Groups 2 to 5
were given a single i.p. injection of 200 mg/kg b.w. of diethylni-
trosamine (DEN) and groups 1 and 6 were treated with saline at
the beginning of the experiment. After 2 weeks, animals of
groups 3 to 6 were orally treated with three dose levels of aque-
ous extracts of the mushroom A. blazei (1.2, 5.6, 11.5, and 11.5
mg/ml of dry weight of solids) for 6 weeks. All animals were sub-
jected to two-thirds partial hepatectomy at week 3 and sacrificed
at week 8. Two hours before sacrifice, ten animals of each group
were administered a single i.p injection of 100 mg/kg of bro-
modeoxyuridine (BrdU). Apoptotic bodies and BrdU-positive
hepatocyte nuclei were quantified in liver sections stained for he-
matoxylin and eosin (H&E) (eosinophilic foci) and simultaneously
stained for GST-P expression (GST-P-positive foci), respectively.
The 6-week treatment with A. blazei did not alter the develop-
ment (number and size) of GST-P-positive foci and did not affect
the growth kinetics of liver normal parenchyma or foci in DEN-ini-
tiated animals. Our results indicate that the treatment with aque-
ous extracts of the mushroom A. blazei during the post-initiation
stage of rat liver carcinogenesis does not exert any protective ef-
fect against the development of GST-P-positive foci induced by
DEN. (Cancer Sci 2003; 94: 188-192)

IVI ushrooms have been used as important nutritional and/or
therapeutic sources throughout the world since ancient
times.” Among the mushroom species of higher Basidiomice-
tes, Agaricus blazei Murrill, a species native of Brazil, where it
is popularly known as “Cogumelo do Sol,” has recently re-
ceived attention in folk medicine due to its use in the treatment
of different ailments. It occurs naturally in the hilly regions of
the Atlantic rainforest in the south of Sdo Paulo State, Brazil.
Since 1965, this species has been exported to Japan, where it
has become popularly known as “Himematsutake.” This edible
mushroom is also consumed as a food or infusion elsewhere in
the world.

In Brazil and Japan, infusion of the dried fruiting bodies
of the mushroom A. blazei has been popularly consumed both
as a stimulant and as an auxiliary treatment for various diseases
including diabetes, hyperlipidemia, arteriosclerosis and
cancer.> Nevertheless, no epidemiological data and few ex-
perimental reports exist on the beneficial effects of the crude
aqueous extract of this mushroom. Our previous findings dem-
onstrated that the aqueous extract of A. blazei provides signifi-
cant protection against the in vivo mutagenicity induced by
cyclophosphamide (CPA)* and exerts a hepatoprotective effect
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on both rat liver toxicity and on the initiation stage of hepato-
carcinogenesis (i.e., induction of glutathione S-transferase pla-
cental form (GST-P)-positive single cells/mini-foci) induced by
a moderately toxic dose of diethylnitrosamine (DEN).®

Considerable efforts have been made to isolate from the A.
blazei mushroom polysaccharides and protein-bound polysac-
charides that have anti-tumoral activity in tumor-bearing mice
via activation of the host immune response.””” However, only
the soluble protein-bound polysaccharides ATF have shown di-
rect anti-tumoral activity as seen by selective cell cycle arrest
and apoptosis induction in Meth A tumor cells in vifro.” In con-
trast to the well-established antitumoral activity of the mush-
room A. blazei observed in transplantable tumor models,”™®
nothing is known about the modifying potential of this mush-
room on chemical carcinogenesis models.

Recently developed non-conventional bioassays for carcino-
genesis provide a convenient way to evaluate the carcinogenic
potential of chemicals.!’"'» Among these alternative assays, the
initiated rat liver bioassay has proved to be a consistent bioas-
say for detection of hepatocarcinogens.''? This 8-week me-
dium-term rat liver assay system—based on the initiation-
promotion concept of the carcinogenesis process—uses as an
endpoint marker the development of putative preneoplastic al-
tered foci of hepatocytes (AFHs) that express the enzyme GST-
P.""-' This is thought to be a practical approach for hazard
identification and detection of the potential benefit of chemicals
mainly when associated with other preneoplasia-based surro-
gate endpoints (PSEs).'” Among these PSEs, proliferation and
apoptosis data for AFHs provide important information to eval-
uate the modifying potential of chemicals, in particular that of
promising chemopreventive compounds.'¥ The purpose of the
present study was to evaluate the effects of different concentra-
tions of crude aqueous extracts of the mushroom A. blazei on
the development and growth of GST-P-positive foci during the
post-initiation stage of experimental liver carcinogenesis.

Materials and Methods

Animals. Male 4-week-old Wistar rats were obtained from the
CEMIB (UNICAMP, Campinas, SP, Brazil). The animals were
kept in polypropylene cages (five animals/cage) covered with
metallic grids in a room maintained at 22+2°C, 55+10% hu-
midity and with a 12-h light-dark cycle. They were fed with
commercial Purina chow (LABINA, Paulinia, SP, Brazil) and
water ad libitum during a 2-week acclimation period.

Experimental design. The animals were randomly allocated to six
groups: groups 2 to 5 were given a single i.p. injection of 200
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mg/kg b.w. of diethylnitrosamine (DEN, Sigma Chemical Co.,
St. Louis, MO) and groups 1 and 6 were given a single i.p. in-
jection of saline (solution 0.9% NaCl) only at the beginning of
the experiment. After 2 weeks, animals of groups 3 to 6 were
treated for 6 weeks with aqueous extracts of mushroom Agari-
cus blazei with mean dry contents of solids of 1.2, 5.6, 11.5 and
11.5 mg/ml, respectively (see below). All animals were sub-
jected to two-thirds partial hepatectomy at week 3 and sacri-
ficed at week 8. Two hours before sacrifice, 10 animals of each
group were administered a single i.p. injection of 100 mg/kg
b.w. of bromodeoxyuridine (BrdU) (Sigma Chemical Co.) be-
tween 8 a.m. and 11 a.m. The protocols used were consistent
with the Ethical Principles for Animal Research adopted by the
Brazilian College of Animal Experimentation (COBEA) and
approved by the Bioscience Institute/UNESP Ethical Commit-
tee for Animal Research (CEEA) (protocol No. 99/22).
Preparation and administration of A. blazei. A sample (lineage AB
99/26) of Agaricus blazei Murrill (Agaricaceae) was obtained
from the Departamento de Producdo Vegetal, Faculdade de
Ciéncias Agronomicas, UNESP, Botucatu-SP, Brazil.

Twenty-five grams of powdered dry fruiting bodies of the

mushroom was added to 1000 ml of deionized water (2.5% w/
w), and left for 2 h at room temperature. This solution corre-
sponds to the popular form of use of A. blazei for beneficial
health effects. This solution—referred to subsequently as “the
crude aqueous extract”’—was centrifuged (800g for 10 min)
and filtered (commercial non-sterile filter). The final solution
was provided as 10% (Ab,), 50% (Ab,), and 100% (Ab;) of the
full 2.5% aqueous extract. The mean amounts of solids in Ab,,
Ab,, and Ab; solutions (i.e., mean dry weight of water-extract-
able material) were 1.2, 5.6, and 11.5 mg/ml, respectively. The
solutions were prepared daily and offered ad libitum to the rats
in aluminum foil-wrapped bottles to avoid light decomposition.
It was the sole drinking fluid from 2 weeks after DEN initiation
until the end of the experiment (post-initiation phase).
Tissue processing, histology and immunohistochemical procedures.
After sacrifice, samples of the remaining liver lobes were
weighed and fixed in 10% phosphate-buffered formalin for he-
matoxylin and eosin (H&E) staining and immunohistochemical
identification of GST-P* foci and/or BrdU nuclear incorpora-
tion, using the avidin-biotin complex (ABC) method.'” Also,
the kidneys were removed, weighed and fixed; a segment of the
stomach from each rat was included to confirm nuclear incor-
poration of BrdU.

For analysis of different types of AFHs, paraffin-embedded
liver was cut into 5 um thick sections and stained with H&E.
Based on the cellular appearance under H&E staining, AFHs
were classified as clear cell, eosinophilic cell, amphophilic cell,
basophilic cell, basophilic tigroid cell foci and mixed types, us-
ing previously published criteria.’> When a single cell type
comprised 70% of an AFH, it was classified according to that
predominant cell type. For analysis of BrdU nuclear incorpora-
tion in GST-P-positive foci, paraffin-embedded liver was cut
into 5 pum thick sections and immunohistochemically stained
simultaneously with monoclonal antibody anti-BrdU (Sigma
Chemical Co.) and polyclonal rabbit anti-rat GST-P (Medical &
Biological Laboratories Co., Tokyo). Chromogen color devel-
opment was done using 3,3’-diaminobenzidine tetrahydrochlo-
ride (DAB)-Ni* and DAB solution for BrdU and GST-P
visualization, respectively.'®
Apoptosis, cell proliferation and GST-P-positive foci quantification.
BrdU labeling (BrdU LI%) and apoptotic body (AB%) indices
in extra-focal or focal hepatocytes were determined by dividing
the number of the BrdU-positive hepatocytes or apoptotic bod-
ies, respectively, by the total number of hepatocytes scored out-
side or within the foci and multiplying by 100. Criteria for
identification and quantification of hepatocytes in apoptosis and
of apoptotic bodies were taken from the literature.'” ' Approx-
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imately 12 000 to 15 000 hepatocytes were scored for each ani-
mal in 160 random extra-focal or normal liver microscopic
fields under a 50x objective in initiated and non-initiated ani-
mals, respectively. The BrdU LI% indices of focal hepatocytes
were determined within each GST-P-positive foci (Fig. 1A).
The AB% indices of focal hepatocytes were determined in eosi-
nophilic foci (Fig. 1B). A minimum of 100 GST-P-positive or
eosinophilic foci larger than 0.15 mm in diameter were ana-
lyzed in groups G2 to GS5.

GST-P-positive foci larger than 0.15 mm? in diameter were
measured using a Nikon photomicroscope (Microphot-FXA)
connected to a KS-300 apparatus (Kontron Elektronic, Berlin,
Germany). Data were expressed as number and area (mm?) of
foci per liver section (cm?).'V
Statistical analysis. Body and relative liver weights and food and
water consumption data were compared between groups using
analysis of variance (ANOVA).!” The incidence of specific
types of AFHs and the number and area of GST-P-positive foci
per group were analyzed using the % test and Kruskal-Wallis
test, respectively.'” Focal, extra-focal and normal liver indices
for BrdU nuclear incorporation and apoptosis were compared
between groups using the Mann-Whitney or Kruskal-Wallis
tests.'” A significant difference between groups was assumed
when P<0.05.

Fig. 1.

A) Simultaneous immunohistochemical detection of BrdU nu-
clear incorporation in GST-P-positive hepatocytes (arrows). Bar=50 um.
B) ABs (apoptotic bodies with condensed chromatin, some of which are
phagocytosed, arrows) in eosinophilic hepatocyte foci (arrowheads)
(H&E). Bar=20 um.
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Results

Final body and relative liver weights and food and liquid con-
sumption data are presented in Table 1. No differences in mean
body and relative liver weights, relative kidney weights (data
not shown) and food consumption were observed among the
experimental groups at the end of the 8th week, independently
of A. blazei treatment. During the experiment, drinking fluid
consumption was higher in animals treated with 50% and 100%
of the full 2.5% aqueous extract of the mushroom A. blazei (Ab,
and Ab; solutions, respectively) than in the respective controls
(group G1 vs. group G6 and group G2 vs. groups G4 and G5,
P<0.05). The mean ingestion of solids (water-extractable mate-
rial) of aqueous extracts of A. blazei was 0.18, 0.90 and 1.98
(1.88-2.05) g/kg/day for Ab,, Ab, and Ab, groups, respectively
(Table 1).

Non-initiated animals (groups G1 and G6) did not develop
any preneoplastic liver foci above the cut-off value of the quan-
titative method, which was 0.15 mm (Table 2). No differences
were observed between DEN-initiated animals and DEN-initi-
ated and A. blazei-treated animals in relation to the incidences
of the types of AFHs identified by H&E staining (Table 2). In
DEN-initiated groups, eosinophilic cell foci were more abun-
dant than clear and basophilic cell foci. Although not signifi-
cantly different, a lower incidence of basophilic cell foci was

observed in animals DEN-initiated and treated with Ab, and Ab,
aqueous extract of the mushroom A. blazei. No types of AFH
other than clear, eosinophilic and basophilic cell foci were
found under H&E staining. The 6-week treatment with A.
blazei aqueous extracts did not alter the development (number
and size) of GST-P-positive foci in DEN-initiated animals.

The effects of A. blazei treatment on cell proliferation and
apoptosis in normal, extra-focal hepatocytes and liver foci are
presented in Fig. 2. Overall, the mean BrdU LI% and AB% in-
dices in GST-P-positive and eosinophilic liver foci were ap-
proximately 1.5- to 1.9- and 5- to 8-fold higher than in extra-
focal or normal hepatocytes of initiated and non-initiated ani-
mals, respectively. The A. blazei treatment did not interfere
with the growth kinetics of liver normal parenchyma or foci.

The administration of 100% of the full 2.5% aqueous extract
of A. blazei (Ab, solution) as the sole drinking fluid for 6 weeks
did not induce liver and kidney toxicity or preneoplasia in male
Wistar rats at the end of experiment.

Discussion

Recently, our group demonstrated that the aqueous extract of
the mushroom A. blazei provides significant protection against
mutagenicity induced both in vivo by CPA and in vitro by
methyl methanesulfonate (MMS).*> Two-week treatment with

Table 1. Final body weights, relative liver weights and food and liquid consumption of male Wistar rats at the end of

the experiment?”

Effective number Final_ body Relati_ve liver Food _ Liquid_ Inges'gion
Groups/Treatments? of rats weights weights consumption consumption  of solids?
(9) (%) (g/rat/day) (g/rat/day) (g/rat/day)
Initiated
G1 Control 15 338.3£34.9 2.6+0.3 25.3%+1.7 394 +19 —
G6 Ab, 14 350.6+22.7 2.5+0.2 26.3£1.5 43.8 +2.5° 1.88+£0.37
Non-initiated
G2 DEN 19 333.3+26.0 2.71£0.3 24.7+1.4 37.67£2.3 —
G3 DEN+Ab, 18 332.1£26.9 2.6+0.3 24.1+1.3 374 2.2 0.19+0.04
G4 DEN+Ab, 18 336.2+28.6 2.7+0.2 24.6+1.8 43.3 +2.7*  0.98+0.22
G5 DEN+Ab;, 18 332.8+30.8 2.7+0.2 24.3%2.1 443 +1.9" 2.05+0.47

1) Values are means+SD.

2) DEN (diethylnitrosamine 200 mg/kg, i.p., at the beginning of the experiment) and Ab,, Ab,and Ab;=aqueous extracts of

mushroom Agaricus blazei with mean dry weight of water-extractable solids of 1.2, 5.6 and 11.5 mg/ml, respectively.

3) Mean ingestion of water-extractable material based on mean dry weight of the aqueous extract of A. blazei.

* Statistically significant different from control animals (group G1 vs. group G6, P<0.05), #* statistically significant differ-

ent from DEN-initiated animals (groups G4 and G5 vs. group G2, P<0.05).

Table 2. Number and area of hepatic preneoplastic GST-P-positive liver foci in non-initiated and DEN-initi-

ated male Wistar rats at the end of the experiment

Types of altered foci of

. hepatocytes? GST-P* foci”
Groups/Treatments? Effective number epatocytes
of rats Number Area
Cccr ECF BCF (foci/cm?)  (mm?/cm?)
Non-initiated
G1 Control 15 09 0 0 0 0
G6 Ab, 14 0 0 0 0 0
Initiated
G2 DEN 19 10 (53%) 19 (100%) 10 (53%) 9.15+3.73 0.41+0.21
G3 DEN+Ab, 18 9 (50%) 18 (100%) 6 (33%) 9.33+3.47 0.41+0.20
G4 DEN+Ab, 18 8 (44%) 16 (89%) 4 (22%) 7.80+3.54 0.32+0.18
G5 DEN-+Ab;, 18 10 (56%) 17 (94%) 4 (22%) 7.74+2.61 0.34+0.18

1) Values are means+SD.

2) DEN (diethylnitrosamine 200 mg/kg i.p. at the beginning of the experiment) and Ab, Ab, and Ab,=
aqueous extracts of mushroom Agaricus blazei with mean dry weight of water-extractable solids of 1.2, 5.6

and 11.5 mg/ml, respectively.
3) CCF, clear cell foci; ECF, eosinophilic cell foci; BCF, basophilic cell foci.

4) Non-initiated animals belonging to groups G1 and G6 did not develop preneoplastic foci above the cut-off

value of the method for quantitative analysis and therefore are indicated as zero foci.
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this mushroom before initiation of rat liver carcinogenesis by
DEN exerted a liver-protective effect as seen by serum trans-
aminase levels, regenerative cell proliferation and induction of
GST-P-positive single cells/mini-foci 48 h after the initiating
procedure.” In contrast, the present data indicate that when
the A. blazei treatment is carried out for 6 weeks after DEN
initiation it does not alter the number and/or the aggregate area
of GST-positive foci liver of DEN-initiated animals.

Immunological, hypocholesterolemic, antiviral, antibacterial
and antiparasitic activities have been associated with substances
isolated from higher species of Basidiomycetes."”*® However,
some species of mushrooms are also common sources of hu-
man poisoning (mainly species containing ¢-amanitin) and
have been associated with cancer development in experimental
animals (mainly species containing carcinogenic compounds
such as hydrazine and diazonium ions).?'~?¥ The A. blazei treat-
ment adopted herein did not induce any toxicity after a 6-week
exposure period, as evidenced by unaltered body and relative
liver and renal weights, liver and renal morphology, and by the
levels of BrdU nuclear incorporation and apoptosis in the liver.
This absence of short-term toxicity in a mammal species should
be taken into consideration in assessing the public health impli-
cations of the increased use of this mushroom by human popu-
lations.

Altered foci of hepatocytes are believed to be an early
marker of liver cancer development in rodents, and AFH cell
proliferation and apoptosis data provide important information
to identify the modifying potential of chemicals.?> Our data in-
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Fig. 2. A) BrdU labeling indices (LI%) in normal, extra-foci and GST-P-
positive foci in the liver of non-initiated and DEN-initiated animals (val-
ues are meanstSD). B) Apoptotic bodies indices (AB%) in normal, ex-
tra-foci and eosinophilic foci tissues in the liver of non-initiated and
DEN-initiated animals (values are means+SEM).? Number of animals
analyzed/number of AFHs analyzed.”? Groups: G1, non-treated; G2,
DEN; G3, DEN+Ab, solution; G4, DEN+Ab, solution; G5, DEN+Ab; solu-
tion; G6, Ab, solution. foci tissue, WM extra-foci tissue, ] normal
tissue. See “Materials and Methods.”

Barbisan et al.

dicate that GST-positive hepatic foci not only showed higher
replicative activity, but also enhanced apoptosis when com-
pared to the surrounding normal liver, as already noted by
others.'®25-2" In rat chemical hepatocarcinogenesis, the apopto-
sis rate gradually increases in foci and nodules, when compared
to normal liver parenchyma, after fasting or promoting stimulus
withdrawal.®=?® The A. blazei treatment did not alter the devel-
opment or growth of the putative liver preneoplastic lesions.
The enhanced apoptosis process registered in AFHs was proba-
bly an indication of “remodeling” of the foci and was not coun-
terbalancing possibly increased cell replication, since no
promoting treatment (i.e., survival factors that favor diminished
apoptosis and elevated cell proliferation in AFHs** %) was used
in this study.

Various polysaccharides and protein-bound polysaccharides
such as (1—4)-B-D-glucan/(1—6)-B-D-glucan, (1—6)-B-D-
glucan-protein and (1—4)-B-D-glucan/(1— 6)-B-D-glucan-pro-
tein complexes have been isolated from the fruiting bodies of
the A. blazei mushroom and have shown anti-tumoral activity
in tumor-bearing mice, through specific and non-specific im-
mune response activation.””” These compounds appear to stim-
ulate the host immune response by enhancement of macrophage,
NK (natural killer cell) and CTL (cytolytic T lymphocyte)
activities, which participate in the antitumor response in the
sarcoma 180 or Meth A fibrosarcoma-bearing mice systems.

The absence of a beneficial effect by the aqueous extract of
A. blazei on AFH development could be due to the carcinogen-
esis step evaluated in the present study. The possibility exists
that the extracts could be effective in later stages of rat liver
carcinogenesis. Further, it is possible that important water-in-
soluble components were not extracted in the preparation of the
aqueous extract of the mushroom A. blazei. Specific compo-
nents of the lipid fraction of the mushroom A. blazei have a
modifying influence on chemically induced mutagenesis and
carcinogenesis.>” Linoleic acid diminished benzo(a)pyrene
mutagenicity in the Ames/Salmonella/microsome system” and
ergosterol inhibited tumor-induced neovascularization in two
different Lewis lung carcinoma experimental systems.” In the
latter work, oral administration of crude (800 mg/kg) and er-
gosterol-related (400 and 800 mg/kg) lipid fractions of the
mushroom A. blazei inhibited the growth of sarcoma 180 tumor
cells in mice.” In our study, a higher dose of A. blazei (mean
daily ingestion of 2.05 g of solids/kg), provided as an aqueous
extract, failed to inhibit the development of preneoplastic foci.
It should be noted that the aqueous extracts used in this study
mimic more closely than lipid extracts the gross human expo-
sure to this edible mushroom. As indicated in Table 2, the aver-
age solid ingestion of mushroom, calculated from the mean
ingestion of the aqueous solutions of A. blazei (Ab,, Ab, and
Ab; solutions), represented approximately 1.1, 5.6 and 12.4
times the dose commonly used by human population (0.16 g of
extracted solid/kg, estimated for a 70 kg individual who ingests
one liter of A. blazei infusion).

The present results indicate that the aqueous extract of the
mushroom A. blazei does not have a modifying influence on the
promoting phase of rat chemical hepatocarcinogenesis. Consid-
ering the known beneficial effects of this mushroom in other
assay systems, it is important to consider that A. blazei is not a
multipotential and broad-spectrum edible item for cancer pre-
vention. However, the possibility exists that the potential of the
aqueous extracts of the mushroom A. blazei to block the pro-
motion step of carcinogenesis may be manifested in target or-
gans other than the liver.
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(No. 119/99-DFP).
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