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Carbohydrate biopolymers of fungal-origin are an important natural resource in the search for new bioagents
with therapeutic and nutraceutical potential. In this study the mutagenic, genotoxic, antigenotoxic and antioxi-
dant properties of the fungal exopolysaccharide botryosphaeran, a (1 → 3)(1 → 6)-β-D-glucan, from
Botryosphaeria rhodina MAMB-05, was evaluated. The mutagenicity was assessed at five concentrations in
Salmonella typhimurium by the Ames test. Normal and tumor (Jurkat cells) human T lymphocyte cultures were
used to evaluate the genotoxicity and antigenotoxicity (Comet assay) of botryosphaeran alone and in combina-
tion with themutagenmethylmethanesulfonate (MMS). The ability of botryosphaeran to reduce the production
of reactive oxygen and nitrogen species (RONS) generated by hydrogen peroxide was assessed using the CM-
H2DCFDA probe in lymphocyte cultures under different treatment times. None of the evaluated botryosphaeran
concentrations were mutagenic in bacteria, nor induced genotoxicity in normal and tumor lymphocytes.
Botryosphaeran protected lymphocyte DNA against damage caused by MMS under simultaneous treatment and
post-treatment conditions. However, botryosphaeran was not able to reduce the RONS generated by H2O2. Be-
sides the absence of genotoxicity, botryosphaeran exerted a protective effect on human lymphocytes against
genotoxic damage caused byMMS. These results are important in the validation of botryosphaeran as a therapeu-
tic agent targeting health promotion.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Carbohydrate biopolymers (polysaccharides) of fungal-origin are an
important natural resource in the search for new agents with therapeu-
tic potential. Among them are the β-glucans, notably the
(1 → 3)(1 → 6)-β-D-glucans, that are known to modify biological re-
sponses (Bohn and BeMiller, 1995), and play roles in chemoprevention,
and can manifest immunomodulatory and antitumor activities, among
others (Kagimura et al., 2015; Kirkland et al., 2011). β-D-Glucans of
the (1 → 3)-type are not digested by enzymes such as the β-(1 → 3)-
glucanases, which are absent from the gastrointestinal tract of mam-
mals. Thus, they survive longer in the tissues of mammals, and can
therefore be a candidate bioagent in treating cancers (Miura et al.,
1996). Their ability to non-specifically activate the cellular and humoral
components of the host immune system is well documented in the lit-
erature, see for example, (Williams, 2009). Accordingly, this activation
leads to the increased functional activity of immune cells such asmacro-
phages, mononuclear cells and neutrophils (Liang et al., 1998). Despite
the studies that show the absence of toxicity of these compounds and
their derivatives (Kagimura et al., 2015; Miranda-Nantes et al., 2011;
Miranda et al., 2008; Roupas et al., 2012; Weng et al., 2011), the evi-
dence of the absence of risk to health and the mechanism by which
the (1 → 3)-β-D-glucans exert their effects on mammalian cells are
key to their validation as bioactive agents.

The exopolysaccharide (EPS) botryosphaeran is of the
(1 → 3)(1 → 6)-β-D-glucan type and is secreted by the fungus,
Botryosphaeria rhodina MAMB-05. Botryosphaeran consists of a linear
backbone chain of D-glucose residues linked by (1 → 3)-β-glucosidic
bonds, with side-branches comprising glucose and gentiobiose linked
through (1→ 6)-β-glucosidic bonds (Barbosa et al., 2003). It is soluble
in water and forms gels and viscous solutions that may favor its com-
mercial applications in different sectors such as health, biotechnology,
food, pharmaceutical and cosmetology (Kagimura et al., 2015).

Studies from our research groups have evaluated the biological ef-
fects of botryosphaeran. This (1 → 3)(1 → 6)-β-D-glucan (i) did not
present mutagenic activity (micronucleus test) in mice, and exhibited
strong antimutagenic activity (Miranda et al., 2008); (ii) promoted hy-
poglycemic activity reducing the levels of plasmaglucose in diabetes-in-
duced rats by 52%, and reduced LDL-cholesterol levels in
hyperlipidaemic-conditioned rats by 18% (Miranda-Nantes et al.,
2011); (iii) exerted an antiproliferative effect in breast cancer MCF-7
cells that was associated with apoptosis, necrosis and oxidative stress
(Queiroz et al., 2015); (iv) in combination with the antineoplastic
agent, doxorubicin, botryosphaeran was selective for leukemic T lym-
phocyte cells (Malini et al., 2015). The molecular mechanisms of action
of botryosphaeran appear to be involved in the repression of genes re-
lated to the G1 phase of the cell cycle (Malini et al., 2015). When
derivatized by sulfonylation, the sulfonated biopolymer exhibited anti-
coagulant and antithrombotic activities (Brandi et al., 2011). In addition,

botryosphaeranwas found to possess free radical scavenging properties
and antioxidant activity (Giese et al., 2015). In another studywith a dif-
ferent B. rhodina strain (RCYU 30101), botryosphaeran demonstrated
the ability to activate the lymphoblastogenesis process (Weng et al.,
2011).

Understanding the mechanisms by which botryosphaeran exerts its
chemoprotective effect is important in validating this β-glucan as a
therapeutic agent. Studies on botryosphaeran's ability to inhibit the
genotoxic effect caused by several mutagens are key to understanding
its mechanism of action. The antimutagenic activity consists of the pe-
culiar ability of a substance to reduce the frequency of spontaneous or
induced mutations regardless of the mechanism involved (Von Borstel
et al., 1996). Słoczyńska et al. (2014) recently proposed that various
classes of compounds can bedistinguished, such as compoundswith an-
tioxidant activity; compounds that inhibit the activation of mutagens;
blocking agents; as well as compounds characterized with multiple
mechanisms of action.

It is necessary and important to use in vitro tests employing normal
and tumor cells in order to rapidly assess the selectivity of
botryosphaeran as a therapeutic agent, given its biological effects, and
the potential applications of this EPS described in the literature by our
research group.

In the present study the objectiveswere to investigate: (i) the effects
of the treatmentwith botryosphaeran alone, or in combinationwith the
mutagen, methyl methanesulfonate (MMS), on normal and tumor
(Jurkat cells) human T lymphocytes in order to evaluate its genotoxic
and chemoprotective effects on these cell types; (ii) the possible muta-
genicity of botryosphaeran assessed by the Ames test on different
Salmonella typhimurium strains; and (iii) the antioxidant effect against
H2O2-induced production of RONS (reactive oxygen and nitrogen
species) on normal and tumor lymphocytes.

2. Material and methods

2.1. Microorganism and culture conditions

Botryosphaeria rhodina (MAMB-05 isolate) was grown by sub-
merged fermentation (SmF) on sucrose as sole carbon source for 72 h
at 28 °C as described by Steluti et al. (2004).

2.2. Production of botryosphaeran

Following the growth of the fungus, the mycelium was removed by
centrifugation (1250g/15min) and the supernatant recovered to which
was then added three volumes of isopropanol, and left to stand over-
night at 4 °C. The precipitate was recovered by centrifugation,
resolubilized in water with gentle heating, and then dialyzed exhaus-
tively against water for 48 h at 4 °C. Thereafter, the dialyzed solution
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