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Several human skin diseases are associated with fungi as dermatophytes and Malassezia. Skin mycoses are
increasing and new alternatives to conventional treatments with improved efficacy and/or safety profiles
are desirable. For the first time, the anti-dermatophytes and the anti-Malassezia activities of Vitis vinifera
seed extracts obtained from different table and wine cultivars have been evaluated. Geometric minimal inhib-
itory concentration ranged from 20 to 97 pg/mL for dermatophytes and from 32 to 161 pg/mL for Malassezia
JSurfur. Dried grape seed extracts analyzed by HPLC/DAD/ESI/MS showed different quali-quantitative com-
positions in terms of monomeric and polymeric flavan-3-ols. The minimal inhibitory concentrations for
Trichophyton mentagrophytes and for M. furfur were inversely correlated with the amount of the polymeric
fraction (r=—0.7639 and r=—0.7228, respectively). Differently, the antifungal activity against 7. mentagrophytes
was not correlated to the content of flavan-3-ol monomers (r=0.2920) and only weakly correlated for M. furfur
(r=—-0.53604). These results suggest that extracts rich in polymeric flavan-3-ols, recovered from V. vinifera seeds,

could be used for the treatment of skin fungal infections. Copyright © 2016 John Wiley & Sons, Ltd.
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INTRODUCTION

Skin mycoses affect more than 20-25% of the world’s
population (Havlickova et al, 2008), and frequently,
they are associated with dermatophytes (7Trichophyton
and Microsporum) and yeasts as Malassezia (White
et al., 2014). Dermatophytes are a group of pathogenic
fungi that cause mostly superficial diseases in humans
and other animals. The diseases that result from a der-
matophyte infection are known as tineas (White et al.,
2014). Malassezia spp. are directly responsible for infec-
tious diseases as pityriasis versicolor and folliculitis, and
they also act as an exacerbating factor in seborrheic der-
matitis and atopic dermatitis (Harada et al, 2015).
Although these skin-related problems are not generally
life threatening, they represent a common global prob-
lem and can become chronic. Furthermore, it should
be emphasized that the treatments need long-term ther-
apy and often are not resolutive (Pfaller, 2012). Side
effects and resistance are frequently attributed to the
current antifungal agents, as the most widely used azole
drugs (Pfaller, 2012; Zavrel and White, 2015). Few prod-
ucts showing antifungal activity are being currently
developed (Ostrosky-Zeichner et al., 2010).
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Plants are important source of potentially antifungal
agents and could represent a valuable alternative to syn-
thetic drugs. In the last decades, essential oils have been
widely studied and used as antifungal agents for topical
treatments (Di Vito et al., 2015; Flores et al., 2016;
Khosravi et al., 2016). Plant polyphenols demonstrated
several potential healthy properties on humans, mainly
as antioxidant, antiallergic, anti-inflammatory, antican-
cer, antihypertensive, renoprotective, and antimicrobial
(Xia et al, 2010; Daglia, 2012; Williamson and Manach,
2005). In particular, grape polyphenols showed antimi-
crobial activity against Staphylococcus  aureus,
Escherichia  coli,  Salmonella  enterica  serovar
Typhimurium, Listeria monocytogenes, and Candida
albicans (Xia et al., 2010; Filocamo et al., 2015; Pasqua
and Simonetti, 2016).

Grape seeds are known to contain a complex mixture
of monomeric, oligomeric, and polymeric flavan-3-ols
(Cavaliere et al., 2010; Liang et al., 2012; Curko et al.,
2014; Narduzzi et al., 2015) It has been demonstrated
that grape seed extracts (GSEs) rich in polymeric
flavan-3-ols, obtained from different cultivars of Vitis vi-
nifera L. (Vitaceae), showed high antifungal activity in
in vitro tests, against a broad panel of human fungal
pathogens (Pasqua et al., patent, 2010). In addition, the
anti-Candida activity of GSEs has been shown in a mu-
rine model of vaginal candidiasis (Simonetti et al., 2014).

It is well known that the concentration of flavan-3-ols
in grape seeds varies considerably, depending on several
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factors: mainly cultivar, irrigation, nitrogen fertilization, 2009-2012, were collected from different cultivars of
delayed harvest, and storage conditions (Cavaliere et al., V.vinifera: Michele Palieri (MP), Italia (ITA), Red
2010; Simonetti et al., 2014). Polar solvents as ethanol, Globe, Victoria, Negroamaro, and Pinot. The vines
methanol, or their water mixtures are suitable to effi- were grown in the experimental farm of CREA-UTV
ciently recover both oligomeric and polymeric flavan- in Turi (Bari, Italy). The same cultural practices were
3-ols from grape seeds (Pinelo et al., 2005). To date, carried out in this vineyard all the time (Simonetti
different analytical methods have been suggested for et al.,2014). The vines were treated with reduced irriga-
their qualitative and quantitative determination tion volume per hectare (1200m*) (V1) or (2000m?)
(Fontana et al., 2013). (V2) and with reduced nitrogen fertilization (120kg/

In the present study, GSEs, coming from several table ha) (N1) or with 180kg/ha (N2), which is the quantity
and wine V. vinifera cultivars, against collection strains of generally used in the growing area. The grapes were
Trichophyton mentagrophytes, Microsporum gypseum, harvested at technological maturation and put in small
Microsporum canis, and Malassezia furfur have been boxes (30x40cm), Skg of weight each. The seeds were
tested. A relationship between fungal inhibition and separated from the flesh and the skin, weighed and
chemical composition, in terms of monomeric and poly- immediately frozen, and stored at —20°C. For each cul-
meric flavan-3-ols, has been found. tivar, about 10kg of grapes were used and the yields in

fresh seeds were close to 0.69kg.

MATERIALS AND METHODS Extraction and HPLC/DAD/ESI/MS analysis. Grape

seed extracts were obtained in a solid-liquid process.
Plant material. Mature grapes, grown as described in The seeds (vintages 2009-2012) were separated from
Simonetti and collaborators (2014) during vintages the flesh and the skin, weighed, put in liquid nitrogen

Table 2. Chemical composition of grape seed extracts obtained, from Michele Palieri (MP) and Italia (ITA) cultivars (vintage 2012), using
different extractive solvents

MP2012A* MP2012B* MP2012C* ITA2012A* ITA2012B* ITA2012C*

mg/g dried extract

Procyanidin dimer 4.7 2.5 2.6 3.4 2.0 2.3
Catechin 30.7 20.0 19.8 11.9 7.8 8.5
Procyanidin B2 7.7 5.0 5.2 5.3 3.1 3.9
Epicatechin 29.5 19.0 18.4 13.0 8.2 9.6
Epicatechin gallate 0.0 0.0 0.0 8.3 5.3 6.3
Polymer 1 240.5 148.0 156.0 268.4 166.1 166.5
Polymer 2 70.3 77.0 86.2 152.4 106.1 97.3
Total flavan-3-ols 383.4 272.0 288.2 462.8 298.5 294 .4

The data are expressed in terms of flavan-3-ols defined by HPLC/DAD/ESI/MS. Polymer 1 and Polymer 2 (polymeric flavan-3-ols with degree
of polymerization >4, determined by mass spectrometry).
*A = AEtOH/H,50 (7:3v/v), B = EtOH, C = MeOH.

Table 3. Anti-Malassezia activity of grape seed extracts obtained, from Michele Palieri (MP) and Italia (ITA) cultivars (vintage 2012),
using different extraction solvents

Malassezia furfur

MICso (ng/mL) MIC1o0 (ng/mL)

DSM6170 IMRMC529 IMRMC227 GM MICso DSM6170 IMRMC529 IMRMC227 GM MIC100

MP 2012 A* 16 32 64 32 128 32 64 64
MP 2012 B* 64 256 256 161 256 256 256 256
MP 2012 C* 32 32 128 51 128 64 128 102
ITA 2012 A* 16 32 64 32 128 32 128 81
ITA 2012 B* 32 128 128 81 256 256 256 256
ITA 2012 C* 16 128 256 81 128 128 512 203
FLZ 8 8 32 14 32 32 >64 55

Antifungal activity was determined according to Clinical and Laboratory Standards Institute guidelines (CLSI document M38-A2, 2008). The
values shown are the median from three independent determinations. GM of minimum inhibitory concentration. MICgg and MIC4o0 = lowest
drug concentration that prevented 50% and 100% of growth with respect to the untreated control FLZ. FLZ, fluconazole; GM, geometric
mean; MIC, minimal inhibitory concentration.

*A = AEtOH/H,0 (7:3v/v), B = EtOH, C = MeOH.

Copyright © 2016 John Wiley & Sons, Ltd. Phytother. Res. 31: 124-131 (2017)
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in a porcelain mortar, and ground to obtain a fine pow-
der. They were extracted three times (24h for each
extraction) with EtOH/H,O (7:3v/v) acidified with
formic acid at pH3; the ratio matrix/solvent was
1g/10mL. The extracts were dried by a rotavapor at
30°C, then redissolved in exact volumes of EtOH/H,O
(7:3v/v), centrifuged at 12,000 rpm for 5 min and the su-
pernatant analysed by HPLC (Simonetti et al, 2014).
The seeds of MP and ITA cultivars (vintage 2012) were
extracted with EtOH (B) or MeOH (C) as well as with
EtOH/H,0 (A), applying a matrix/solvent ratio of 1g
fresh weight/10mL. The use of alcohols, without the
presence of water during the extraction can guarantee
a more rapid drying process useful for industrial
applications.

The HPLC/DAD/ESI/MS analysis was carried out
using a liquid chromatographic HP 1100L equipped
with a diode array detector (DAD) detector and an
electrospray (ESI) HP 1100 Mass Detector Spectrome-
ter (MDS) mass detector with an API (Agilent Technol-
ogies; Santa Clara-California-USA).

The operative conditions of the mass spectrometer
were as follows: gas temperature of 350 °C, nitrogen flux
10 L/min, nebulizer pressure 30 psi, quadrupole temper-
ature 30 °C, capillary voltage 3000-4000 V, negative and
positive ionization with fragments 80-220 V. The column
was a Poroshell Cyg, 3mm ID x 150 mm, 2.7 um (Agilent
Technologies; Santa Clara-California-USA) and the
gradient elution was in keeping with our previous work
(Simonetti et al. 2014).

The quantitative data for monomer, oligomers, and
polymers were obtained by DAD at 280nm using

DAD1 B, Sig=280 nm

400

3004

2004

1004
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procyanidin B2 as external standard in a concentration
range 0.2-5.7 pug, to build a five-point calibration curve
with 72=0.999. The pure catechin, epicatechin, gallate-
epicatechin, procyanidin B1, and procyanidin B2 were
purchased from Extrasynthese Genee (France) and
used for the flavan 3-ols identification.

Fungal strains. The evaluation of the antifungal activity
was carried out with strains coming from: German
Collection of Microorganisms (DSMZ, Braunschweig,
Germany), the Pharmaceutical Microbiology Culture
Collection (PMC, Sapienza University, Rome, Italy)
and Instituto de Medicina Regional, Micologia Culture
Collection (IMRMC, Departamento de Micologia,
Universidad Nacional del Nordest, Argentina). The
strains Deutsche Sammlung von Mikroorganismen
(DSM) coming from DSMZ were T. mentagrophytes
DSM 4870 and M. furfur DSM 6170. The strains coming
from PMC were T. mentagrophytes (PMC 6503, PMC
6509, PMC 6515, PMC 6627, PMC 6552), M. canis
(PMC 7426), and M. gypseum (PMC 7303, PMC 7331,
PMC 7342). The strains coming from Instituto Medicina
Regional - Micologia Collection (IMRMC) were M.
furfur IMRMC 529 and IMRMC 227).

Antifungal susceptibility testing. To evaluate the mini-
mal inhibitory concentration (MIC), the susceptibility
in vitro assay was performed on dermatophytes

T T T T v
0 10 20
DAD1 B, Sig=280 nm

b

&
2

T T T T T T
10 20

0
DAD1 B, Sig=280 nm

7004 c

o 10 20

40 50 60 min

Figure 1. Chromatographic profiles at 280 nm of grape seed extracts from MP2011V2N1A (a), and RG2011V2N1A (b), and ITA2012A (c):
1, (+)—catechin; 2, procyanidin B2; 3, (—)epicatechin; 4, epicatechin gallate; 5, Polymer 1, and 6, Polymer 2 (polymeric flavan-3-ols with

degree of polymerization >4, determined by mass spectrometry).

Copyright © 2016 John Wiley & Sons, Ltd.
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Figure 2. A) GM MIC,oo values of 17 grape seed extracts from Vitis vinifera (2010-2012 vintages) tested against five Trichophyton
mentagrophytes strains (PMC6503, PMC6515, PMC6552, PMC6509, DSM4870) and their correlation with polymeric content. Pol 1
+ 2 = Polymer 1 and Polymer 2 (polymeric flavan-3-ols with degree of polymerization >4, determined by mass spectrometry). GM
MIC 100 = geometric mean of lowest drug concentration that prevented 100% of growth with respect to the untreated control. H,O volume
per hectare: V1 = 1200 m3; V2 = 2000 m°. Nitrogen fertilization: N1 = 120 kg/ha; N2 = 180 kg/ha. B) GM MIC g values related to the cat-
echin and epicatechin amounts in 17 grape seed extracts against five 7. mentagrophytes strains (PMC6503, PMC6515, PMC6552,
PMC6509, DSM4870). GM MIC4o0 = geometric mean of lowest drug concentration that prevented 100% of growth with respect to the
untreated control. H,O volume per hectare: V1 = 1200 m>; V2 = 2000 m°. Nitrogen fertilization: N1 = 120 kg/ha; N2 = 180 kg/ha. GM,
geometric mean; ITA, Italia; MIC, minimal inhibitory concentration; MP, Michele Palieri; NEG, Negroamaro; RG Red Globe.
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Figure 3. The GM MIC,qo values of six grape seed extracts from Vitis vinifera (2012 vintage) tested against three Malassezia furfur strains
(DSM6170, IMRMC529, IMRMC227) and their correlation with polymeric content. Pol 1 + 2 = Polymer 1 and Polymer 2 (polymeric flavan-
3-ols with degree of polymerization >4, determined by mass spectrometry) and with catechin and epicatechin amounts. GM
MIC 100 = geometric mean of lowest drug concentration that prevented 100% of growth with respect to the untreated control. GM, geomet-
ric mean; ITA, Italia; MIC, minimal inhibitory concentration; MP, Michele Palieri.

Copyright © 2016 John Wiley & Sons, Ltd. Phytother. Res. 31: 124-131 (2017)
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according to standardized methods for filamentous
fungi (CLSI. M38-A2, 2008).

Antifungal susceptibility of M. furfur was determined
according to standardized methods for yeast using the
broth microdilution method with some modifications
(CLSI M27-A3, 2008; CLSI, 2012; Simonetti et al.,
2016). Dermatophytes were grown on potato dextrose
agar (Sigma Aldrich, St. Louis, Missouri, USA) at
28-30°C until good conidial growth was present. The
conidia suspension was prepared at final concentra-
tion of 10°—~3x10°CFU/mL (CLSI. M38-A2, 2008).
M. furfur strains were grown on modified Dixon agar
at 32 °C for 4 days. The final concentration of the inoc-
ulum was 1-5x10°CFU/mL. The in vitro antifungal
susceptibility was evaluated using GSEs and, as refer-
ence drugs, fluconazole, and terbinafine (Sigma
Aldrich, St. Louis, Missouri, USA). The concentration
of GSEs ranged from 512 to 0.5 ug/mL. The concen-
tration of fluconazole and terbinafine ranged from
128 to 0.125pg/mL and from 8 to 0.0078 pg/mL,
respectively. The MICs, was the lowest concentration
of GSEs or reference drugs that caused >50% growth
inhibition; the MICg, was the lowest concentration
that caused 80% growth inhibition, and the MICjgq
was the lowest drug concentration that inhibited
100% of growth.

Statistical analysis. The antifungal activity shown is the
result of three independent experiments performed in
duplicate. The data were presented as median and
geometric means.

In order to relate the phenolic content and, the MIC
values of different dried GSEs, obtained from selected
cultivars of V.vinifera, Pearson’s correlation coefficient
(r) was determined. The correlation coefficient close to
one indicates that the variables are positively and
linearly related; on the opposite—1 indicates variables
negatively related. The zero value indicates weak rela-
tionship between the variables, a correlation less than
0.5 is weak.

RESULTS AND DISCUSSION

Grape seed extracts, coming from several wine and ta-
ble V.vinifera cultivars, against collection strains of 7.
mentagrophytes, M. gypseum, M. canis, and M. furfur
have been tested.

Regarding the anti-dermatophyte activities, the re-
sults showed that the GM MICg, values ranged from
20 to 97 ug/mL (Table 1), and that the activity of the ex-
tracts was lower than terbinafine but comparable with
that of fluconazole. Among the examined samples, MP
and ITA extracts showed the highest and reproducible
antifungal activity across the time as compared with
the other cultivars with GM MICg, values from 20 to
37ug/mL and from 23 to 28pg/mlL, respectively
(Table 1). On the contrary, the lowest activity was ob-
served for the Pinot extract (GM MICgy=97 pg/mL).

With the aim to obtain dry samples to be used in fu-
ture topical formulations, MP and ITA seeds, which
showed the best antifungal activity against dermato-
phytes, were selected to further experiments and

Copyright © 2016 John Wiley & Sons, Ltd.

extracted with ethanol (B) or methanol (C) as well as
with EtOH/H,O (A). Even if the chemical profiles ob-
tained with the three solvents were qualitatively very
similar, ethanol/water (A) was the most effective to re-
cover the polymeric flavan-3-ols both in MP and ITA
extracts (Table 2). The extracts obtained with
ethanol/water (A) were more active against dermato-
phytes than those obtained with ethanol or methanol
(Table 1). The same results were observed against M.
furfur showing the best activities with MP2012A and
ITA2012A extracts (GM MICsy=32pg/mL) (Table 3).
The different activities could be attributed to the differ-
ent content in flavan-3-ols of the extracts as previously
reported for Candida spp. In the same study, we demon-
strated that the antifungal activity of GSEs was mostly
related to the presence of flavan-3-ols with a polymeri-
zation degree >4, and that this result was influenced by
reduced irrigation and reduced nitrogen fertilization
(Simonetti et al., 2014). To evaluate the differences
among the GSEs and to separate flavan-3-ol monomers
from polymers, the poroshell column was used, in keep-
ing with our previous work (Simonetti et al., 2014).
Chromatographic  profiles of  MP2011V2NI1A,
RG2011V2N1A, and ITA2012A extracts are shown in
Fig. 1. The MIC,q values of all extracts tested against
T. mentagrophytes and M. furfur have been correlated
with the content of monomeric and polymeric flavan-
3-ols. A negative correlation coefficient between
polymeric flavan-3-ols and GM MICy(, has been dem-
onstrated for T. mentagrophytes (r=—0.7639) (Fig. 2A)
and for M. furfur (r=-0.72286) (Fig. 3), highlighting
that these compounds exert a positive action on the
antifungal activity. Differently, the antifungal activity
against T. mentagrophytes was not correlated to the con-
tent of flavan-3-ol monomers (r=0.2920) (Fig. 2B) and
only weakly correlated for M. furfur (r=-0.53604)
(Fig. 3).

It should be emphasized that extracts from grapes are
included in several topical cosmetic formulations acting
as potent antioxidants (Soto et al., 2015). Moreover,
they stabilize collagen and elastin, thereby improving
the elasticity, flexibility, and appearance of the skin
(Madhan et al., 2005). GSEs are generally recognized
as safe, approved by Food and Drug Administration.
Moreover, MP2009VIN1A extract did not exhibit any
cytotoxic activity on human monocytic cells (U937)
(CC50>500 pg/mL) (Pasqua et al., 2010). All these
properties, together with the high antifungal activity
and lack of toxicity (Fiume et al., 2014) support the use
of grape seed extracts, rich polymeric flavan-3-ols, in
the treatment of skin infections caused by dermato-
phytes and Malassezia.
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