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ABSTRACT

Introduction: bio derivatives proposed as
candidates for food ingredients usually require
certain  evaluations  for  immunonutritional
applications. Edible-medicinal mushrooms are a
source of compounds with these potentials. Among
them, Pleurotusostreatus mushrooms contain
bioactive metabolites, with important uses in the
food industry and in the therapeutic practice of the
medical-pharmaceutical industry. In vitro
cytotoxicity assays are valuable methods to
evaluate products of natural origin, such as fungal
extracts. Objective: to evaluate the cytotoxicity of
two extracts obtained from the Pleurotusostreatus
mushroom in different cell lines. Method: water-
soluble extracts were obtained from the mycelium
and fruiting bodies of Pleurotusostreatus in
laboratories of the Center for Industrial
Biotechnology Studies of the Oriente University.
The cytotoxicity of the bioproducts was evaluated
by the resazurin dye reduction assay on three cell
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lines at the Laboratory of Microbiology, Parasitology
and Hygiene (LMPH) of the University of Antwerp,
Belgium. Non-adherent THP-1 cells (human
leukemia premonocytes), Caco-2 adherent cells
(human colon adenocarcinoma epithelium) and
RAW 264.7 adherent cells (murine macrophages)
were used. Results: Pleurotusostreatus extracts
were not cytotoxic for any of the human or murine
cell lines studied, since they did not cause damage
to the viability of the epithelial cells of the
gastrointestinal system, or to the immune system
cells used. Conclusions: this result demonstrates
that both fungal bio-derivatives can be safely
applied in immunonutritional studies.

Keywords: pleurotusostreatus; aqueous extracts;
cytotoxicity; cell lines; immunonutrition
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RESUMEN

Introduccién: los bioderivados propuestos como
candidatos a ingredientes alimentarios suelen
requerir ciertas evaluaciones para las aplicaciones
inmunonutricionales Los hongos comestibles-
medicinales son un surtidor de compuestos con
estas potencialidades. Entre ellos, las setas
Pleurotusostreatuscontienen metabolitos
bioactivos, con importantes usos en la industria
alimenticia y en la préctica terapéutica de Ia
industria médico-farmacéutica. Los ensayos de
citotoxicidad in vitro constituyen métodos valiosos
para evaluarproductos de origen natural, como los
extractos  fungicos.  Objetivo: evaluar |Ia
citotoxicidad de dos extractos obtenidos de la seta
Pleurotusostreatusen diferentes lineas celulares.
Método: se obtuvieron extractos hidrosolubles a
partir del micelio y de los cuerpos fructiferos de
Pleurotusostreatus en laboratorios del Centro de
Estudios de Biotecnologia Industrial de la
Universidad de Oriente. Se evalud la citotoxicidad
de los bioproductos por el ensayo de reduccion del
colorante resazurina sobre tres lineas celulares en
el Laboratorio de Microbiologia, Parasitologia e
Higiene (LMPH) de la Universidad de Amberes,
Bélgica. Se utilizaron células no adherentes THP-1
(pre-monocitos de leucemia humana), células
adherentes Caco-2 (epitelio de adenocarcinoma de
colon humano) y células adherentes RAW 264.7
(macréfagos murinos). Resultados: los extractosde
Pleurotusostreatus no resultaron citotoxicos para
ninguna de las lineas celulares estudiadas humanas
0 murina, ya que no ocasionaron dafos sobre la
viabilidad de las célulasepiteliales del sistema
gastrointestinal,nisobrelas células del sistema
inmune empleadas. Conclusiones: este resultado
demuestra que ambos bioderivados fungicos
pueden ser aplicados con seguridad en estudios
inmunonutricionales.

Palabras clave: pleurotusostreatus; extractos
acuosos; citotoxicidad; lineas celulares;
inmunonutricidon
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RESUMO

Introdugdo:bioderivados propostos como
candidatos a ingredientes alimenticios geralmente
requerem determinadas avaliagGes para aplicacGes
imunonutricionais.  Pleurotusostreatus  contém
metabdlitos bioativos, com importantes utilizacGes
na industria alimenticia e na pratica terapéutica da
inddstria  médico-farmacéutica. Ensaios de
citotoxicidade in vitro sdo métodos valiosos para
avaliar produtos de origem natural, como extratos
de fungos. Objetivo: avaliar a citotoxicidade de dois
extratos obtidos do cogumelo Pleurotusostreatus
em diferentes linhagens celulares. Método:
extratos hidrossoliveis foram obtidos do micélio e
dos corpos frutiferos de Pleurotusostreatus nos
laboratdrios do Centro de Estudos de Biotecnologia
Industrial da Universidade de Oriente. A
citotoxicidade dos bioprodutos foi avaliada pelo
ensaio de reducdo do corante resazurina em trés
linhagens celulares no Laboratério de
Microbiologia, Parasitologia e Higiene (LMPH) da
Universidade de Antuérpia, Bélgica. Foram
utilizadas células THP-1 ndo aderentes (pré-
mondcitos de leucemia humana), células aderentes
Caco-2 (epitélio de adenocarcinoma do célon
humano) e células aderentes RAW 264.7
(macrofagos murinos). Resultados: os extratos de
Pleurotusostreatus nao foram citotéxicos para
nenhuma das linhagens celulares humanas ou
murinas estudadas, pois ndo causaram danos a
viabilidade das células epiteliais do sistema
gastrointestinal, nem as células do sistema
imunologico utilizadas. Conclusdes: este resultado
demonstra que ambos os bioderivadosfungicos
podem ser aplicados com segurangca em estudos
imunonutricionais.

Palavras-chave: pleurotusostreatus; extratos
aquosos; citotoxicidade; linhas de celular;
imunonutrica
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INTRODUCTION

Mushrooms constitute sources of compounds with immunopharmacological properties, which have
been of much interest for traditional medicine of different civilizations since ancient times.!) Edible-
medicinal mushrooms possess a diverse and robust variety of bioactive molecules that exert more than
200 different medicinal functions. In recent decades, medicinal mushrooms have been used in the
development of important health supplements. Consortia of bioactive compounds and their extracts
have been reported to be specific for this purpose.®

There is a progressive interest in the investigation of immunomodulatory compounds, from natural
sources, that lack adverse consequences and have utility in immunotherapeutic practice. From a
clinical point of view, new procedures for the development of immunotherapeutics obtained from
mushrooms could constitute answers to various immunotherapy demands. Food biotechnology based
on the utilization of edible mushrooms is a very promising alternative for obtaining bio-derivatives with
immunomodulatory and antitumor effects.®

Pleurotus is among the most studied genera as a source of bioactive molecules with the ability to
modulate the immune response. However, only 3% of the research on natural bioproducts reaching
the preclinical and/or clinical phases is oriented to work with edible mushrooms. A less studied area is
the use of Pleurotus in the stimulation of the immune system in relation to nutritional treatments,
which is the fundamental purpose of "immunonutrition". This is evidence of the importance of
"mycotherapy" as a novel and promising area.!)

Health is strongly related to a proper balance of immune functions that can be directly mediated by
diets, termed "immune modulation by food". These studies have gained utility due to the use of cell
lines. Dietary compounds are often integrated into different matrices. After oral consumption, a food
matrix passes through the gastrointestinal tract where its bioactivities may have been modified.
Therefore, a simulation of gastric digestion in vitro is necessary to study the stimulation of immune
cells in vivo and ex vivo (Chanput W. In: Dissertation for the degree of PhD. Wageningen University,
Wageningen, NL, 2012).

On the other hand, cell culture has a relevant role in the research of new treatments for a large
number of diseases.® The Caco-2 cell line is derived from a human rectal color adenocarcinoma and is
characterized by being epithelial type cells. It is frequently used in studies on the absorption of
compounds since it exhibits particularities of mature intestinal cells (Romero and Zabaleta. Work for
the degree of Pharmaceutical Chemist University of Cartagena, Cartagena de Indias, 2020).

Monocytic THP-1 corresponds to a cancer cell line, whose cells can differentiate into macrophages by
exposing them to reagents such as phorbol-12 myristate-13-acetate (PMA), which has been used to
study monocytes and macrophages in different inflammatory processes (Gonzaga JF, Master's Thesis
Center for Research and Advanced Studies of the National Polytechnic Institute lrapuato, Mexico,
2016).
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For their part, RAW 264.7cells belong to a macrophage cell line derived from monocytes of mice with
leukemia. The use of this murine macrophage line is also a cellular model of inflammation, commonly
used (Arranz EM. TesisdoctoralUniversidad Auténoma de Madrid, 2013).

To assess cytotoxicity, various cell staining techniques are generally used to indirectly estimate the
number of live cells following treatment. A correct assay to assess cell viability and cytotoxicity must be
simple, rapid, efficient, inexpensive, sensitive, reproducible, safe and effective for the viable cell
population, and show no interference with the compounds being evaluated.®

The resazurin method is a basic method to assess cell proliferation after treatment and allows
complementing the standards used for the evaluation of the cytotoxic effect with the subsequent
determination of cell proliferation.®

The aim of the present work was to evaluate, through the resazurin dye reduction assay, the cytotoxic
activity on different cell lines of aqueous extracts of Pleurotusostreatus to ensure its application in
future immunonutritional studies.

METHOD
Sample preparation

The aqueous extracts were previously obtained in the edible mushroom plant and culture laboratory of
the Center for Industrial Biotechnology Studies of the OrienteUniversity. From the wet biomass of the
mycelium and fruiting bodies of Pleurotusostreatus (P. ostreatus), decoction (90-100 °C) and freeze-
dried.(6) The freeze-dried samples were weighed on a balance (METTLER TOLEDO, New ClassicMS,
Spain) and resuspended (100 mg/mL) in ultrapure water. Subsequently, biopreparations were obtained
in the corresponding culture media at serial concentrations (512, 256, 128, 64, 32 and 16 pg/mL) and
stored until use.

Cell cultures

Cell cultures and assays to evaluate the cytotoxicity of the bioproducts were performed at the
Laboratory of Microbiology, Parasitology and Hygiene (LMPH) of the Faculty of Pharmaceutical,
Biomedical and Veterinary Sciences of the Antwerp University, Belgium.

The fungal extracts were evaluated in three different cell lines: THP-1 non-adherent cells (human
leukemia pre-monocytes), Caco-2 adherent cells (human colon adenocarcinoma epithelium) and RAW
264.7 adherent cells (murine macrophages). The lines were acquired from the American Type Tissue
Culture Collection (ATCC) (Manassas, VA, USA). Cells were seeded in laminar flow cabinet (LAF® clan,
VFRS 1806, The Netherlands), cultured in media according to their specifications and incubated
(BINDER, Germany) at 37 °C with humidified atmosphere (5% CO2).
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THP-1 cells in RPMI 1640 (1X) medium (Gibco®, USA), supplemented with 10% fetal bovine serum
(iFBS) (Gibco®, USA), L-glutamine (2 mM), hygromycin (75 mg/mL) and Penistrep (1%) (Sigma-Aldrich,
USA). The Caco-2 cell line was cultured in DMEM(1X) (Gibco®, USA), supplemented with 10 % iFBS
(Gibco®, USA), 2 % L-glutamine, D-glucose (4.5 g/L) and Penistrep (1 %) (Sigma-Aldrich, USA). RAW
264.7 macrophages were maintained at 37 °C, 5 % CO2 atmosphere in DMEM medium with FBS
(Gibco®, USA)(10 %), L-glutamine (2 %) and 4.5 g/L D-glucose.”)

Assay to evaluate cytotoxicity

The cytotoxic effect was evaluated by the resazurin dye reduction assay on cell viability. Resazurin
sodium salt (Sigma-Aldrich, USA) was used as a standard control. Tamoxifen was included as a
reference control drug for cytotoxicity and a plate reader (TECAN GENios, Switzerland) was used for
readout.””)

The grown adherent cells (Caco-2) were removed with 0.05 % Trypsin-EDTA and centrifuged at 130 g
for 10 min 4 °C in centrifuge (Allegra®, X-15R, USA). For the assay, 200 pL of the cell inoculum (5 x 105
cells/well) were seeded in sterile 96-well microplates and incubated in an incubator (BINDER,
Germany) for 24 h at 37 °Cand 5 % CO2.

Non-adherent cells (THP-1) were centrifuged at 1 800 rpm/10 min and 4 °C. They were added (5x105
cells/well) with 200 pL of fresh medium for incubation.

10 pL of tamoxifen was added to the positive control wells. The negative control cells were incubated
with only 200 uL of the corresponding medium. To the remaining wells the extracts were added at
their different concentrations and the plates were incubated for 24-48 h at 37 °C in 5% CO2.After the
incubation time, 50 pL of resazurin (2.2 pug/mL) was added to each well and fluorescence was
measured after 4 h at 37 °C (excitation A 550 nm, emission A 590 nm).

Two independent experiments were performed and samples were assayed in triplicate in each
experiment.

Data processing

Results were expressed as the arithmetic mean % standard deviation; from statistical forward analysis
performed with Graph PadPrism 7 software (Windows, V.7.04, 2017).The results correspond to the
VLIR-UOP-3 Project Natural Products and Pharmaceutical Services, to improve the patient quality of life
in Eastern Cuban Hospital's.
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RESULTS
The extracts tested in this study constituted material of suitable quality for evaluation.

The effect of the fungal extracts was evaluated on the cell viability of three secondary cell lines: human
leukocyte line (THP-1), intestinal epithelial line (Caco-2) and murine macrophage line (RAW 264.7)
(Figure 1, Figure 2 and Figure 3). The resazurin reduction assay was applied as a test indicative of
possible damage at the mitochondrial level and, therefore, in the processes of cellular respiration or
metabolic activity.!”)

The dye resazurin (non-fluorescent blue) is reduced to resofurin (highly fluorescent pink) by
oxidoreductases present mainly in the mitochondria of living cells. Resofurinase is excreted into the
medium and allows the observation of cell proliferation or cytotoxicity of compounds on different cell
types, including fungal cells.®
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Graph 1Effect of Pleurotus extracts (Cf and M) on cell viability of human
monocytesTHP1. Results expressed as the mean * SD of 6 replicates
(n=6).Cf(fruiting bodies) M (mycelium)Tamoxifen (reference control for

cytotoxicity)
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Células epiteliales humanas (Caco-2)
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Graph2 Effect of P. ostreatus extracts on cell viability of human intestinal
adenocarcinoma epithelial cells Caco-2. Results expressed as the mean + SD
of 6 replicates (n=6). Cf (fruiting bodies),M (mycelium),Tamoxifen (reference
control for cytotoxicity).

M acré6fagos murinos (RAW 264.7)
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Graph 3Effect of Pleurotus extracts (Cf and M) on cell viability of immune system
cells (murine macrophages RAW 264.7). Results expressed as the mean + SD of 6
replicates (n=6). Cf (fruiting bodies),M (mycelium),Tamoxifen (reference control

for cytotoxicity).
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DISCUSSION

The extracts of P. ostreatus tested are bio-derivatives with the capacity to enhance the immune
response.®) The carbohydrates and other bioactive compounds present in them®21011) could be
responsible for their potential prebiotic effects and guarantee their possible immunonutritional
applications, once the absence of cytotoxicity on selected cells of the gastrointestinal and immune
systems has been proved.

Different cell lines have been commonly used as models in coculture assays and monoculture systems
designed to explore toxicological effects!? and as a strategy to evaluate microorganism-host
interactions.®3 In our research, one of the first studies to be performed is to rule out a possible
cytotoxic effect of fungal bio-derivatives on cells involved in the study of prebiotic candidates, capable
of stimulating local immunity in the intestine (e.g. phagocytosis) or interfering with pathogen adhesion
mechanisms and favoring the adhesion of beneficial bacteria to the intestinal epithelium.

The monocytic THP-1 cell line is the most frequently used cell line for investigations of human
macrophage function. The inability to expand macrophage populations ex vivo and their limited
lifespan in culture have made THP-1 cells the in vitro model to overcome the drawbacks of using
primary macrophages and has been the most widely used cell line to determine the response of human
macrophages to proinflammatory stimuli.(*4

Caco-2 and HT-29 cell cultures have been widely used as models for the study of specific functions in
intestinal epithelial cells. These cell lines allow the phenotype of absorptive and mucosecretory cells to
be reproduced.®

On the other hand, the resazurin dye reduction method proved to be suitable and reproducible for the
evaluation of the cytotoxicity of fungal bio-derivatives. It was possible to verify the metabolic activity
expressed in the viability levels of the cells treated with the experimental substances (extracts), in
comparison with the negative effects observed on the cell viability of the compound (tamoxifen), used
as a reference control.

According to Escobar, et al.®) the resazurin dye is not very toxic to cells and allows the continuity of
studies on the same cells, which saves time and money, especially in primary cultures where cells are
very scarce and precious. In addition, the method is sensitive and highly reproducible.

The results of this study suggest that none of the extracts evaluated caused damage to the metabolic
processes of the cells, since they did not cause a decrease in cell viability. On the contrary, a slight
tendency towards concentration-dependent stimulation of cell proliferation was observed in human
monocyte (THP-1) and epithelial cell (Caco-2) lines. Meanwhile, in murine macrophages (RAW 264.7) a
very stable viability trend was observed at the different concentrations applied. This evidences the
non-cytotoxic effect of the fungal bio-derivatives on these cell populations.
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Resazurin reduction has been described as a variable method depending on the cell line assessed. One
study identified how this occurs by assessing CuSO4 at different concentrations in three cell lines
(mouse hepatocytes, HepG2, and Hela).Here the method detected faster cytotoxicity in the former
lines; however, in the Hela cell line, the result was opposite. This may indicate a different sensitivity of
this line. For this reason, some authors state the importance of assessing the cell lines individually,
since each one has unique metabolic properties that must be characterized to determine different
experimental parameters.©®)

Llauradd, et al.®) evaluated the cytotoxicity of a P. ostreatus extract (HW-Pm) obtained at 95 °C. The
effect was determined by the resazurin dye reduction assay, using various concentrations (2, 4, 8, 16,
32, 32, 64, 128, 256, 512 and 1024 pg/mL) of the product. The result showed that HW-Pm was not
cytotoxic to RAW 264.7 cells, as stability in cell viability was observed at the different concentrations
tested.

In an investigation carried out to evaluate the antimicrobial activity of an aqueous extract of the
microalgaePhorphyridiumcruentum, it was also demonstrated that it did not exert cytotoxic activity on
human THP-1 monocytes and murine RAW 264.7 macrophages. The resazurin reduction method and
the same concentrations (512, 256, 128, 128, 64, 32 and 16 ug/mL) used to evaluate the product of our
assay were used by these authors.16)

In the present study, it can also be observed that the percentages of cell survival obtained were very
similar between the cells treated with the different extracts. Meanwhile, in the evaluation of the
cytotoxicity of three synthetic compounds on HEp-2, HT-29 and Hela cells, the results indicated that in
none of the cell lines did the compounds cause significant decrease in cell survival with the use of the
resazurin method. It was also found that the percentage survival responses obtained were similar
when the different compounds were evaluated.®

It is important that biopreparations for immunonutritional applications do not show cytotoxicity. This
study ensures that Pleurotus extracts can be applied in successive investigations without risk of
possible adverse effects. A probable limitation, however, is the use of a single method for the
evaluation of cell viability.

CONCLUSIONS

The Pleurotusostreatus extracts evaluated did not affect the viability of human cells (leukocytes and
intestinal epithelial cells), as well as murine immune cells (macrophages). These results support their
use as possible prebiotic candidates and guarantee their safety for further immunonutritional studies,
such as co-culture assays between leukocytes, epithelial cells and beneficial or pathogenic bacteria.

Los articulos de Revista Informacién Cientificaperteneciente a la Universidad de Ciencias Médicas de
BY

Guantdnamose comparten bajo los términos de la Licencia CreativeCommons: Atribucion 4.0 Internacional
Email: ric.gtm@infomed.sld.cu



http://www.revinfcientifica.sld.cu/index.php/ric/index
https://www.ucm.gtm.sld.cu/
https://www.ucm.gtm.sld.cu/
mailto:ric.gtm@infomed.sld.cu
http://www.ucm.gtm.sld.cu/
https://creativecommons.org/licenses/by/4.0/deed.es

ISSN 1028-9933
Universidad de Ciencias Médicas de Guantdanamo

Recommendations

To evaluate the activity of these tested extracts on the immunological function of leukocyte cells, as
well as the possible inhibitory effect on the adhesion mechanisms of pathogenic and beneficial
bacteria.
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