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Abstract

The purpose of this study was to assess the cytotoxic
effect of the non-fractionated aqueous extract of A.
sylvaticus mushroom in cultures of non-tumor cells
(NIH3T3) and tumor cells (OSCC-3). The cells were
maintained in DMEN cell culture medium added of 10 %
of fetal bovine serum and 1% antibiotic. For the cytotoxi-
city test we prepared the aqueous mushroom extract at
concentrations of (.01 mg.ml", 0.02 mg.ml", 0.04 mg.ml",
0.08 mg.ml', 0.16 mg.ml"', and 0.32 mg.ml"'. For the
culture, 2 x 10° cells/ml was deposited in 96-well
microplates during 24 hour incubation with subsequent
exchange of medium by another containing the mush-
room concentrations. After 24 hour incubation the
medium was discarded and 100 ml of tetrazolium blue
(MTT) was added at a concentration of 5 mg.ml'. The
microplates were incubated for 2 h at 37° C. Spectropho-
tometric analysis was performed using 570 nm wave-
length. From the values of the optical densities we deter-
mined the drug concentration capable of reducing cell
viability by 50%. Therefore, the mushroom A. sylvaticus,
at all concentrations tested, did not show cytotoxic effects,
once the inhibitory concentration (IC,) obtained for
tumor cells OSCC-3 was 0.06194 mg.ml", and the IC_
checked for non-tumor cells NIH3T3 was 0,06468 mg.ml".
This test made it possible to determine that A. sylvaticus
mushroom has no cytotoxic effects, suggesting its use safe
for human consumption.
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CITOTOXICIDAD DEAGARICUS SYLVATICUS
EN CELULAS NO TUMORALES (NIH/3T3) Y EL
TUMOR (CCCA-3) USANDO TETRAZOLIO (MTT)

Resumen

El objetivo de este estudio fue evaluar el efecto citoté-
xico de un extracto acuoso no fraccionado de la seta A. syl-
vaticus en cultivos de células no tumorales (NIH3T3) y
tumorales (OSCC-3). Se mantuvo a las células en un
medio de cultivo celular DMEN al que se afiadié suero de
ternera fetal al 10% y antibidtico al 1%. Para la prueba
de toxicidad, se preparé el extracto acuoso del hongo a
concentraciones 0,01 mg.ml", 0,02 mg.ml", 0,04 mg.ml",
0,08 mg.ml", 0,16 mg.ml*y 0,32 mg.ml". Para el cultivo, 2
x 105 células/ml se depositaron en microplacas de 96 poci-
llos durante 24 horas de incubacion con el subsiguiente
recambio del medio por otro que contenia las concentra-
ciones del hongo. Tras 24 horas de incubacion, se desecho
el medio y se afadieron 100 ml de azul de tetrazolio
(MTT) auna concentracién de 5 mg.ml"'. Se incubaron las
microplacas durante 2 h a 37° C. Se realizé un analisis
espectrofotométrico con una longitud de onda de 570 nm.
A partir de los valores de las densidades épticas, se deter-
miné la concentracion de la droga capaz de reducir la via-
bilidad celular en un 50 %. La seta A. sylvaticus, a todas
las concentraciones probadas, no mostré efectos citotoxi-
cos una vez que la concentracién inhibitoria (IC_) obte-
nida para las células tumorales OSCC-3 fue de 0,06194
mg.ml'y la IC,_ comprobada para las células no tumora-
les NIH3T3 fue de 0,06468 mg.ml"'. Esta prueba consiguio
determinar que la seta A. sylvaticus no posee efectos cito-
toxicos lo que sugiere un uso seguro para el consumo
humano.

(Nutr Hosp. 2013;28:1244-1254)
DOI1:10.3305/nh.2013.28.4.6461
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Abbreviations

A. sylvaticus: Agaricus sylvaticus.

CaCo-2: Colon cancer cells.

DMEM: Dulbecco’s Modified Eagle Medium.

EDTA: Ethylenediamine-tetraacetic acid.

Hep-2 cell line: Human epithelial cells derived from
alarynx carcinoma.

IC, : Inhibitory concentration.

MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide.

NIH/3T3: Non-tumoral fibroblasts cell line.

OSCC-3: Oral squamous cell carcinoma.

Introduction

The mushrooms of the genus Agaricus have long
been considered functional foods for their rich chem-
ical composition and high amount of bioactive
compounds, bringing many benefits to the health of
those who consume it, besides the absence of toxicity
(Orsine et al., 2012a).

Studies have been conducted in an effort to utilize
mushrooms of the genus Agaricus in the treatment of
various ailments. The Agaricus blazei Murill mush-
room showed antinociceptive and anti-inflammatory
effects in Wistar rats (Carvalho et al., 2011); protective
effect against lethal infection with Streptococcus pneu-
moniae in mice (Bernadshaw et al., 2005); reducing
effect on the degree of edema and hemorrhagic halo in
bothropic poisoning in experimental rabbits (Ferreira
et al., 2003) further to high potential use in the treat-
ment of leishmaniasis (Valadares et al., 2012). A
dietary supplementation with A. sylvaticus was able to
improve gastrointestinal disorders in post-surgery
patients with colorectal cancer as well as the quality of
life of these patients (Fortes et al., 2010). The Agaricus
bisporus mushroom stimulated the production of
immunoglobulin A in saliva samples of healthy volun-
teers, suggesting that its use was responsible for devel-
oping immunity (Jeong et al. 2012).

However, there are few toxicological studies on edible
mushrooms and food safety tests. The 3-(4,5-Dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) test
has often been used to investigate cytotoxicity caused
by medicinal plants (Shoeb et al. Jan 2012; Talib and
Mahasneh, 2010) and fungi with antimicrobial activity
(Joel and Bhimba, 2012).

The principle of the MTT technique consists in the
absorption of yellow tetrazolium salts by mitochon-
drial reductases of metabolically active cells, resulting
in a product called formazan. This product accumu-
lated intracellularly, is extracted by adding an appro-
priate solvent. This is a low-cost method, yielding fast
results in 48 hours (Mosmann, 1983).

The purpose of this study was to perform cytotoxi-
city screening of the aqueous extract of A. sylvaticus
mushroom in non-tumoral fibroblasts cell line

(NIH/3T3) and oral squamous cell carcinoma (OSCC-
3), using the MTT reduction test.

Materials and methods
Obtaining the sample

The A. sylvaticus mushroom was obtained from a
producer in Minas Gerais, Brazil, in 2010. The sample
was dried and milled.

Preparation of extract

We weighed 10 g of dehydrated minced mushroom,
and diluted it in 100 ml of distilled water. The solution
was stirred in a mechanical shaker for 30 minutes and
was then filtered through filter paper.

The filtered solution was then distributed into
eppendorfs 1mL previously weighed and identified,
frozen, and subsequently taken to a liophylization
chamber. After complete sublimation of water, we
weighed again the eppendorfs containing the soluble
solids in mushroom A. sylvaticus’ water.

We prepared the non fractionated aqueous extract of
the mushroom A. sylvaticus at concentrations: 0.33
mg.ml*, 0.16 mg.ml", 0.08 mg.ml", 0.04 mg.ml", 0.02
mg.ml”, and 0.01 mg.ml".

In vitro study

In vitro studies were carried out following the
methodology proposed by Saldanha (2007), from the
MTT assay.

Culture and proliferation of non-tumor fibroblast
cell line (NIH/3T3) and oral squamous cell
carcinoma (OSCC-3)

Cell lines NIH/3T3 (non-tumor fibroblasts) and
OSCC-3 (immortalized cells in culture from a human
oral squamous cell carcinoma) were maintained sepa-
rately in culture medium DMEM (Dulbecco’s Modi-
fied Eagle Medium), GIBCO-BRL, supplemented with
10% fetal bovine serum (GIBCO-BRL) and 1% of
antibiotics (penicillin-streptomycin).

The cultures were set up from an initial passage of
2 x 10° cells in 75 cm?culture flasks, maintained in an
incubator at 37 *C with saturated humidity of 5 % CO,
atmosphere. Upon reaching 80-90% confluence, cells
were released from the bottom of the flask by treat-
ment with 0.125% trypsin solution/0.02% EDTA
(ethylenediamine-tetraacetic acid) for two minutes,
centrifuged at 1,000 rpm for three minutes, using
Neubauer counting chamber and transferred to a new
culture flask.

Cytotoxicity of Agaricus sylvaticus using
tetrazolium (MTT) assay
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Treatment of NIH/3T3 cells and OSCC-3
with non-fractioned aqueous extract of mushroom
A. sylvaticus

After 24 hours of cultivation in the presence of
non-fractioned aqueous extract of mushroom A.
sylvaticus sample, cells were subjected to MTT test
to determine viability of the isolated cells. Concen-
trations of the non-fractioned aqueous extract were
added to the cultures, which were maintained for 24
hours under the conditions described in section
2.3.1. We used solution DMEN only as negative
control. The NIH/3T3 cells and OSCC-3 were main-
tained at the Nanobiotechnology laboratory,
Genetics and Morphology Department, Brasilia
University.

Analysis of cell viability

Cell viability was assessed after two hours contact of
NIH/3T3 cells and OSCC-3 with MTT in spectropho-
tometer. For the reading we used wavelength of 570
nm. The result obtained indicates the optical density,
since the darker the color obtained, the greater the
MTT metabolism of the cells under study. Conse-
quently, a higher optical density results in less toxicity
of the extract tested. We used the Prism Graph Soft-
ware to analyze the results.

The cytotoxicity of each concentration of the non-
fractionated aqueous extract of the mushroom A.
sylvaticus was expressed by cell death, calculated in
relation to negative control, according to the method-
ology proposed by Zhang et al. (2004).

Dead cells (%) = Absorbance of negative control - Absorbance of test x 100

Absorbance of negative control

The data generated were used to plot a dose-
response curve which determines the extract concen-
tration capable of killing 50% of the cell population
tested, indicating IC, (inhibitory concentration).

Statistical analysis

Data were expressed as the mean percentage of toxi-
city. Significance levels among concentrations of non-
fractionated aqueous extract of A. sylvaticus mush-
room tested were analyzed using analysis of variance
(ANOVA), with Software Graphpad PRISM® 4.0. For
multiple comparisons among groups, control group
and intra-group, we used the Newman-Keuls test, with
significance set at p < 0.05.

Results

Agaricus sylvaticus mushroom have a rich chemical
composition, highlighting the variety and quantity of
minerals as well as its high protein content (Orsine et
al., 2012b). But, to be approved in the in vitro cytotoxi-
city assays, the sample to be tested must not cause cell
death nor affect its cellular functions. Therefore, tests
using cell culture can detect cell lysis, growth inhibi-
tion and other effects that can be triggered onto these
cells (Daguano et al., 2007).

In figure 1 we presented the results for the OSCC-3
cells treated with different concentrations of mush-
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Log concentration Fig. 1.—Toxicity of mushroom
A. sylvaticus in OSCC-3 cells
by the MTT assay at concen-
-50 - trations 0.01, 0.02, 0.04,
0.08, 0.16, 0.33 mg.ml.
1246 Nutr Hosp. 2013;28(4):1244-1254 Joice Vinhal Costa Orsine et al.



Log concentration

100 7
80
60
£
g
£ 40
o
Qo
20 1
0 {
20 15 2.0 05 00
20 4

Fig. 2.—Toxicity of mushro-
om A. Sylvaticus in NIH/3T3
cells by the MTT assay at con-
centrations 0.01, 0.02, 0.04,
0.08, 0.16, 0.33 mg.ml".

room A. sylvaticus. The IC, determined was of 0.06194
mg.ml", that is, the A. sylvaticus non-fractionated
water extract does not show toxicity in tumor cells used
in this study.

In figure 2 the results were expressed regarding
NIH3T3 cell culture treated with different concentra-
tions of mushroom A. sylvaticus. The IC_ found was
0.06468 mg.ml", that is, the A. sylvaticus non-fraction-
ated water extract showed no toxicity in non-tumor
cells analyzed.

Discussion

This study investigated the mushroom A. sylvaticus
and its safe use in food. These results may contribute
towards research done with A. sylvaticus, toxicity
testing and food safety, supplement, or as an adjunct in
cancer treatment, since very low toxicity of the extract
was observed in two types of cells tested.

Mushrooms of the genus Agaricus have been widely
studied by several authors, in search of answers to their
toxicity (Chang et al., 2012; Orsine et al., 2012c;
Bellini et al., 2008; Novaes et al., 2007; Singi et al.
2006; Sugui et al. 2006; Kuroiwa et al. 2005; Costa et
al. 2003).

Table I presents studies on the toxicity of edible
mushrooms of different genres, performed worldwide
in the period from 2003 to 2012 in order to support the
discussion of this work.

Plants used in folk medicine in Jordan were tested
for cytotoxic effects using the MTT assay on Vero cell
line. The Rosa damascena plant showed IC_ value of
454.11 mg.ml"', whereas the Ononis hirta plant showed
IC, 0f 72.50 mg.ml" (Talib and Mahasneh, 2010).

The cytotoxicity of five strains of fungus Penicil-
lium thiomii (named as IR-1, IR-2, IR-4, IR-6 and IR-
7) isolated from the medicinal plant Terminalia

chebula Retz, in Bangladesh, was evaluated by the
MTT assay. The ethyl acetate extract of the fungus
strains inhibited the growth of colon cancer cells
CaCo-2. Values were obtained for the IC, ranging
from 44 to 67 mg.ml"' (Shoeb et al. 2012).

The cytotoxicity caused by the extract of fungi
Pestalotiopsis Microspora VBS was screened using
the MTT test. As a result, the authors observed that the
concentration of the extract tested was inversely
proportional to Hep-2 cell line (human epithelial cells
derived from a larynx carcinoma) growth (Joel and
Bhimba, 2012).

Conclusion

The non-fractionated aqueous extract of the mush-
room A. sylvaticus showed no cytotoxic effect on
tumor cells OSCC-3 and non-tumor cells NIH/3T3,
showing to be safe for use in food and/or dietary
supplementation.
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