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ARTICLE INFO ABSTRACT

Article history: Polysaccharides are substances that modify the biological response to several stressors. The present
Received 8 September 2016 study investigated the antitumor activity of the soluble fraction of polysaccharides (SFP), extracted from
Received in revised form 7 December 2016 cabernet franc red wine, in Walker-256 tumor-bearing rats. The monosaccharide composition had a
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Available online 21 December 2016 complex mixture, suggesting the presence of arabinoglactans, mannans, and pectins. Treatment with SFP

(30 and 60 mg/kg, oral) for 14 days significantly reduced the tumor weight and volume compared with
controls. Treatment with 60 mg/kg SFP reduced blood monocytes and neutrophils, reduced the tumor
activity of N-acetylglucosaminidase, myeloperoxidase, and nitric oxide, increased blood lymphocytes,
and increased the levels of tumor necrosis factor o (TNF-a) in tumor tissue. Treatment with SFP also
induced the expression of the cell necroptosis-related genes Rip1 and Rip3. The antineoplastic effect of SFP
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1. Introduction

Cancer is a group of diseases that are related to mutations
in key genes that confer a selective growth advantage to can-
cer cells and regulate core cellular processes, such as cell survival
and genome maintenance (Vogelstein, Papadopoulos, Velculescu,
Zhou, & Kinzler, 2013). The most conventional treatment for cancer
patients is chemotherapy. Drugs that are frequently used include
vincristine, methotrexate, and alkylating agents, which induce cell
death through different mechanisms of action (e.g., the inhibition
of mitosis, metabolism, and angiogenesis). However, chemother-
apy has severe side effects and is insufficient to induce complete
tumor remission. This occurs mainly because of pharmacokinetics,
resulting in lower intracellular drug concentrations, an increase in
cell survival, and tumor cell resistance to chemotherapy (Merck,
2015). Therefore, the search for new substances that are able to
circumvent the mechanisms of tumor resistance and have fewer
side effects is important.

Recent studies have reported the antitumor activity and
antimetastatic, immunomodulatory, and antioxidant properties
of polysaccharides that are extracted from seaweed, fruits, fish,
and mushrooms (Huang et al., 2015; Inngjerdingen, Thole, Diallo,
Paulsen, & Hensel, 2014; Mau, Chao, & Wu, 2001; Nascimento
et al,, 2013; Ooi & Liu, 2000; Park et al., 2013; Ren, Perera, &
Hemar, 2012; Rout & Banerjee, 2007; Suo et al., 2014; Wasser,
2003; Zhou, Hu, Wu, Pan, & Sun, 2008). Polysaccharides are
substances that modify biological responses. The effects of polysac-
charides are not cell-specific and instead regulate major bodily
systems, including the nervous, hormonal, and immune systems
(Wasser, 2003).

Several fruits, including grapes, are rich sources of polysaccha-
rides. Red wine, such as carbenet franc, is an alcoholic beverage that
isderived from the fermentation of grapes and has a soluble fraction
of polysaccharides (SFP) that are mainly composed of arabino-
galactans and rhamnogalacturonans. Some authors had described
important immunomodulatory, antioxidant, antisepticemic, anti-
neoplastic, and gastroprotective effects of the polysaccharides
arabinogalactan and rhamnogalacturonan (Cipriani et al., 2006;
Dartora et al., 2013; Inngjerdingen et al., 2014; Mellinger et al.,
2008; Mueller & Anderer, 1990; Nascimento et al., 2013; Park
et al., 2013). The “French paradox” phenomenon is associated with
moderate wine drinking, which reduces the risk of cardiovascu-
lar, cerebrovascular, and peripheral vascular diseases and cancer
(Pieszka, Szczurek, Ropka-Molik, Oczkowicz, & Pieszka, 2016).
Some beneficial effects of wine on health have been attributed
to resveratrol, a polyphenol that is present in the skin of grapes.
Resveratrol has antioxidant activity, regulates plasma lipids and
cardiac activity, and has protective effects against neurodegener-
ative diseases and several tumors (Jang et al., 1997; Singh, Liu, &
Ahmad, 2015). Resveratrol has been extensively studied, but other
components of wine that are present in higher concentrations, such
as polysaccharides, require further investigation.

Thus, the aim of the present study was to evaluate the in vivo
antitumor activity of SFP that was extracted from cabernet franc red
wine in Walker-256 tumor-bearing rats, a model of solid carcinoma.
This tumor is species-specific and characterized by fast growth. It
is often used in studies of metabolism, oxidative stress, and inflam-
mation that are related to cancer (Acco, Bastos-Pereira, & Dreifuss,
2012). Our hypothesis was that SFP modulates tumor development
in Walker-256 rats.

2. Material and methods
2.1. Polysaccharide preparation

Cabernet franc polysaccharides were extracted from commer-
cial wine bottles (Vinho Tinto Reserva Salton, Bento Gongalves, RS,
Brasil - production years: 2013 and 2015). The soluble liquid was
initially reduced up to 25% of its volume under reduced pressure at
30°C. The supernatants were combined, followed by the addition of
3 vols of cold ethanol and incubation for 24 h at —20°C. The precip-
itated polysaccharides were washed twice with 70% cold ethanol
and dialyzed against tap water in a membrane with a molecu-
lar mass cut-off (MMCO) of 8 kDa (Dartora et al., 2013; Bezerra,
2016). The retained fraction that contained polysaccharides was
lyophilized and analyzed by gas chromatography-mass spectrom-
etry (GC-MS) and nuclear magnetic resonance (NMR).

2.1.1. Monosaccharide composition determined by NMR and
GC-MS

Wine polysaccharides (5 mg) were hydrolyzed with 2 M triflu-
oroacetic acid (500 1) at 100 °C for 8 h and evaporated to dryness
under N, pressure. The residue material was dissolved in 0.5 ml
of D,0. One-dimensional '"H NMR was performed at 600 MHz
with the pulse program zgpr for HDO presaturation (relaxation
delay=5.0s, number of time domain points=65536) to obtain a
spectrum width of 10 ppm. The monosaccharides were identified
based on the chemical shifts of a standard mixture of 18 monosac-
charides (Sassaki et al., 2014). After NMR analysis, the later was
reduced with NaB2H,4 for 12h and evaporated to dryness. Boric
acid was removed as trimethyl borate by co-distillation with MeOH.
Acetylation was performed with Ac, O-pyridine (1:1, v/v; 200 pl) at
100°Cfor 1 h. Crushed ice-water was added to the solution, and the
resulting 2-0-Me-Fuc, 2-0-Me-Xyl, and alditol acetate derivatives
were extracted with CHCl3 and analyzed by GC-MS (Varian-Saturn
4000-3800 mass spectrometer, 30 m x 0.25 mm VF-5MS column).
The column temperature was set as the following: 50 °C for 1 min,
increase to 220°C at 40°C/min, then held for 13.0 min. Partially
O-methylated alditol acetates were identified based on the m/z
of their positive ions, with comparisons to standards. The results
are expressed as a relative percentage of each component (Sassaki,
Gorin, Souza, Czelusniak, & lacomini, 2005).
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