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The chemical profile and botanical origin of Andean Argentinian propolis were studied by HPLC-ESI-MS/MS
and GC-MS techniques as well as the antifungal activity according to CLSI protocols. Dermatophytes and
yeasts tested were strongly inhibited by propolis extracts (MICs between 31.25 and 125 pg/mL). The main
antifungal compounds were: 3'methyl-nordihydroguaiaretic acid (MNDGA) 1, nordihydroguaiaretic acid
(NDGA) 2 and a NDGA derivative 3, showing strong activity against Trichophyton mentagrophytes, T. rubrum
and Microsporum gypseum (MICs between 15.6 and 31.25 pug/mL). The lignans 1 and 2 showed activities
against clinical isolates of Candidas spp., Cryptococcus spp., T. rubrum and T. mentagrophytes (MICs and MFCs
between 31.25 and 62.5 pg/mL). The lignan and volatile organic compounds (VOCs) profiles from propolis
matched with those of exudates of Larrea nitida providing strong evidences on its botanical origin. These
results support that Argentinian Andean propolis are a valuable natural product with potential to improve
human health. Six compounds (1-6) were isolated from propolis for the first time, while compounds 1 and

3-6 were reported for first time as constituents of L. nitida Cav.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Natural products play an important role in the development of
drugs for the treatment of human diseases. Thus, many medicines
are naturally-derived metabolites and/or by-products from micro-
organisms, plants or animals, which have been used by humans
for thousands of years (Strobel et al., 2004). The last decades have
witnessed a growing interest by consumers, the food industry, and
researchers, in the ways food may help to maintain human health.
In this aspect is where functional foods, also known as nutraceuti-
cals, designed foods, therapeutic foods, superfoods, or medicinal
foods, play an important role (Nagai and Inoue, 2004). Among these
foods, we may include all those that are originated in beehives, such
as honey, propolis, and royal jelly. All of them are important comple-
mentary foods not only for their nutritional values but also for their
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functional and biological properties (Viuda-Marto et al., 2008).
Propolis is a resinous substance that bees collect from the exudates
of plants and which they use to seal holes in the beehive and as pro-
tective barrier against intruders. Propolis is considered responsible
for the low incidence of bacteria and moulds within the hive. The
antimicrobial activity of propolis is one of the properties which have
been appreciated by humans for several centuries and even nowa-
days (Bankova et al., 2000; Ghisalberti, 1978). Besides its antibacte-
rial, antifungal and antiviral properties, propolis presents many
other beneficial biological activities such as antioxidant, anti-
inflammatory, antitumor, hepatoprotective, immunostimulatory,
antimutagenic, etc. (Kalogeropoulos et al., 2009). For these reasons
propolis has gained wide acceptance (Ishida et al., 2011), and is cur-
rently used as a constituent of biocosmetics, health foods and for
numerous other applications (Bankova et al., 2000; Banskota et al.,
2001; Ghisalberti, 1978).

The chemical composition of propolis differs significantly
according to its geographical and botanical origin, mainly because
bees gather the resins and plant exudates from available sources,
which vary from region to region according to climate, terrain,
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water availability and other environmental factors (Ahn et al.,
2007; Isla et al., 2005; Lima et al., 2009; Park et al., 2002). Several
studies on Argentinian propolis have reported antioxidant, free
radical scavenger, antimicrobial and anti-tumoral activities in sam-
ples of propolis from different regions (Agiiero et al., 2010;
Chaillou and Nazareno, 2009; Isla et al., 2001, 2005; Nieva Moreno
et al, 1999; Nieva Moreno et al., 2000; Quiroga et al., 2006;
Zampini et al., 2005, 2007).

In the mountain valleys of Iglesia and Calingasta, located in the
province of San Juan, a western area close to the Andes Mountains
(between 2000 and 3000 m.a.s.l.), there are a number of small rural
settlements (Bauchaceta, Chita, and Espota). In these settlements,
since the 18th century, there are many people living in the so
called “goat posts”, which are minimal units of organized rural
population dedicated to the exploitation of rural resources
(Gambier, 1988). Their activities are based on subsistence farming,
goat breeding for their own use and the production of goat-dairy
products such as cheese. They also possess small-scale apiaries
for the production of honey and propolis, which are of high de-
mand. These products are generally associated to the native flora
of the Andes, obtained through a sustainable production system
over the time, and claimed to have medicinal properties. So far,
there are no reports on the chemical composition of Andean prop-
olis from Argentina associated with Larrea genera.

The main goal of this work was to characterize propolis samples
collected from apiaries located in Bauchaceta settlements
(2700 m.a.s.l.), province of San Juan, Argentina, by assay-guided iso-
lation of their most bioactive compounds. Furthermore, we look for
evaluating their antifungal efficiency and characterizing their
botanical origin by analysis of chemical profiles from both, the prop-
olis and the endemic species Larrea nitida. Thus, we look to verify the
correspondence between bioactive compounds present in plants na-
tive from the sampling area with those present in propolis produced
in the same area as well as the correspondence between their vola-
tiles profile.

2. Materials and methods
2.1. Chemicals

All solvents used were of analytical grade. Chloroform was purchased from
Fisher (USA); methanol (MeOH) from J.T. Baker (USA); acetonitrile from Caledon
Lab. Ltd. (Canada) and formic acid from Merck (Darmstadt, Germany). Ultra pure
water (<5 pg/L) was obtained from an Arium 61316-RO plus Arium 611 UV (Sarto-
rius, Germany) purification system. TLC was carried out on Merck Silicagel 60 Fys4
plates.

2.2. Equipments

'H and '*C NMR spectra were performed on Bruker Avance 2 (500 MHz) and AC-
200 (200 MHz) spectrometers, using CDCls, CD30D and DMSO-d; as solvent. 'H and
13C NMR chemical shifts were referenced to the solvent residual signals, in the case
of CDCl; at dy; 7.26 and the central peak at 6;3¢ 77.0. Homonuclear 'H connectivities
were determined by COSY experiments. The edited reverse-detected single quan-
tum heteronuclear correlation (DEPT-HSQC) experiment allowed the determination
of carbon multiplicities as well as one-bond proton-carbon connectivities, and the
heteronuclear multiple bond correlation (HMBC) experiment allowed the determi-
nation of long-range proton-carbon connectivities. The relative stereochemistry
was determined by gradient-enhanced NOESY experiments. All 2D NMR experi-
ments were performed using standard pulse sequences. HRESI mass spectra were
recorded using a Micro TOF QII Bruker mass spectrometer. HPLC separations were
performed using HPLC-grade solvents, a Thermo Separations Spectra Series P100
pump, a Thermo Separations Refractomonitor IV RI detector, a Thermo Separations
Spectra Series UV 100 UV detector and an YMC RP-18 (5 pm, 20 mm x 250 mm)
column. UV detection was performed at 220 nm.

HPLC-ESI-MS/MS analysis were carried out using a MicroTOFQ Il apparatus (Bru-
ker Daltonics, MA, USA), equipped with an ESlion source operated at either positive or
negative mode with nitrogen as nebulizing gas (4 psi) and drying gas (8 L/min,
200 °C); capillary 4500 V and end plate offset at 500 V. Mass accuracy was verified
by infusing Na-formiate (10 mM, Sigma-Aldrich, Argentina) dissolved in isopropyl
alcohol:water (50:50). Pure compounds were first characterized by direct infusion

to ESI using a syringe pump (Harvard Apparatus 11 Plus) recording both MS and
MS/MS spectra. Because of better performance obtained during direct infusion to
ESI, here we only report MS and MS/MS spectra obtained in the negative mode.

HPLC was used to separate and characterize extract profiles coupling a PDA
detector (Agilent DAD SL G1315C, monitoring at 280 nm) before the ESI source. A
C18-RP column (Agilent ZORBAX XDB-C18, 1.8 um x 50 mm x 3.0 mm i.d.) was
used. Samples were introduced in the HPLC (5 pL for standards and 20 pL for sam-
ples) using an autosampler (Agilent HiP-ALSSL+) and a column oven (Agilent 1200
series, TCC-SL, G1316B) operated at 40 °C. Solvent delivery was performed at
0.4 mL/min by a binary pump (Agilent 1200 SL), using ultra-pure water supple-
mented with 0.1% formic acid (A) and HPLC-grade methanol with 0.1% formic acid
(B) and a program, starting with 30% B, changing to 70% B within 10 min, held by
4.5 min, returning to 30% B in 0.5 min and keeping this condition for five additional
minutes to achieve column stabilization before next run (total run time 20 min).
Eluted compounds were recorded using PDA and auto MS-MS/MS mode with Argon
in the collision cell; resulting ions were analyzed by TOF, recording the total ionic
current (TIC) spectra.

For the analysis of volatile organic compounds (VOCs), a Perkin Elmer Series
Clarus 600 gas chromatograph, with splitless injection was directly coupled to a
Perkin Elmer Clarus 600 mass spectrometer. VOCs were separated on a fused silica
DB-5 MS capillary column (60 m, 0.25 mm i.d., and 0.25 um film thickness). Sam-
ples were analyzed using the following chromatographic and MS detection condi-
tions: oven temperature was programmed from 50 °C (2 min), increased at 5 °C/
min to 250 °C, and held for 10 min, using Helium (5.0 grade) as the carrier gas
(49.6 psi). A column head pressure of 15 psi and an injector temperature and FID
detector of 250 °C were used. The GC transfer line was maintained at 200 °C. loni-
zation was carried out in the mass spectrometer under vacuum by electron impact
at 70 eV ionization energy. Chromatograms were acquired in “scan” mode scanning
the quadrupole from m/z 50 to m/z 300 (scan time: 0.2 s, inter-scan time: 0.1 s).

2.3. Plant material

Aerial parts of L. nitida Cav. (Zygophyllaceae) were collected in December 2008,
on Bauchaceta locality, Iglesia district, province of San Juan (Argentina). The plant
was identified by Dra. Gloria Barboza, IMBIV (Instituto Multidisciplinario de Bio-
logia Vegetal), Facultad de Ciencias Exactas, Fisicas y Naturales, Universidad Nac-
ional de Cérdoba, Argentina. A voucher specimen was deposited at the herbarium
of the Botanic Museum of Cérdoba (CORD 1335).

2.4. Propolis samples

Three representative raw propolis samples were kindly provided by beekeepers
from the Bauchaceta district. Hives were located in the same geographical area
where L. nitida grows between 2500 and 2700 m.a.s.l. at pre-mountain area close
to the Andes range. Propolis samples were collected during December 2008, using
propolis traps to minimize contamination and stored at —20 °C until analysis. Ref-
erence propolis samples were deposited at the Instituto de Biotecnologia, Univers-
idad Nacional de San Juan, identified as LnP1, LnP2 and LnP3.

2.5. Preparation of propolis extracts

One hundred grams of propolis were successively extracted at room tempera-
ture (3 x 24 h) with petroleum ether (PE), dichloromethane (DCM), ethyl acetate
(EtOAc) and ethanol (EtOH). Then, solvents were evaporated under vacuum to give
semisolid extracts: PPEE, PDCME, PEtOAcE and PEtOHE, affording 12.6%, 37.6%,
37.2% and 5% yield (w/w), respectively. Additionally, PMeOHE extract from a prop-
olis sample (100 g) was obtained using methanol (MeOH) (3 x 24 h) (52.9% w/w
yield).

2.6. Isolation of antifungal compounds from propolis extracts

A representative sample (4.5 g) of the PDCME extract was permeated on a
Sephadex LH-20 column (43 cm length, 4 cm i.d.), using PE:MeOH:CHCl; (2:1:1)
as eluant, collecting 32 fractions (50 mL each). Each fraction was compared by
TLC, using silica gel, PE:EtOAc 70:30 as mobile phase, UV detection and further reac-
tion with diphenylboric acid-ethanolamine complex in MeOH. Fractions showing
similar TLC patterns were combined and evaluated for antifungal activity as de-
scribed in the Section 2.10. In this way, 19 combined fractions were grouped: |
(350 mg, fractions 1-3); II (130 mg, fraction 4); III (303 mg, fractions 5 and 6); IV
(145 mg, fraction 7); V (124 mg, fraction 8); VI (405 mg, fractions 9-11); VII
(304 mg, fractions 12 and 13); VIII (152 mg, fraction 14); IX (330 mg, fraction
15); X (474 mg, fraction 16); XI (500 mg, fraction 17); XII (330 mg, fractions 18
and 19); XII (200 mg, fractions 20-24); XIV (32 mg, fractions 25 and 26); XV
(90 mg, fractions 27 and 28); XVI (85 mg, fraction 29); XVII (150 mg, fraction 30);
XVIII (370 mg, fraction 31) and XIX (22 mg, fraction 32).The pooled antifungal frac-
tions IX-XI (1100 mg), were applied to a Sephadex LH-20 column (43 cm length,
4 cm i.d.), eluting with MeOH, yielding 15 sub-fractions (25 mL each) after TLC.
The strongest antifungal sub-fraction 2 (270 mg) was successively chromato-
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Minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) of propolis extracts, Larrea nitida exudates and compounds isolated against yeasts and

dermatophytes (MIC and MFC values in pg/mL).

Extract or compound Ca Ct Sc Cn Mg Tr Tm

MIC; 00 MFC MICi00 MFC MICj00 MFC MICj00 MFC MIC00 MFC MIC00 MFC MIC00 MFC
PPEE 125 125 125 125 125 125 125 125 125 125 62.5 62.5 1000 >1000
PDCME 62.5 125 125 125 31.25 31.25 31.25 62.5 62.5 62.5 62.5 62.5 62.5 62.5
PEtOACE 125 125 250 250 62.5 62.5 250 250 62.5 62.5 62.5 62.5 125 125
PEtOHE 500 500 1000 >1000 1000 1000 500 1000 250 250 250 250 250 500
PMeoHE 500 500 500 500 125 125 62.5 62.5 250 250 250 250 250 250
LnDCME 62.5 125 125 125 125 125 50 125 125 125 62.5 625 62.5 625
C1 62.5 125 62.5 125 31.25 31.25 31.25 31.25 62.5 62.5 62.5 62.5 62.5 62.5
Cc2 250 250 250 250 250 250 250 250 62.5 62.5 62.5 62.5 62.5 62.5
Cc3 62.5 125 125 250 62.5 62.5 62.5 62.5 31.25 31.25 15.6 31.25 15.6 31.25
C4 >250 >250 >250 >250 250 250 250 250 250 250
C5 >250 >250 >250 >250 >250 >250 >250
amp B 1 1 0.5 0.5 0.5 0.5 0.25 0.25 - - - - - -
keto 0.5 - 0.125 - 0.5 - 0.25 - - - - - - -
terb 0.04 - 0.025 - 0.04 -

MIC; 00, concentration of extract or compound that inhibit 100% of the growth control. Ca, Candida albicans ATCC 10231; Ct, Candida tropicalis CCC 131-2000; Sc, Saccharomyces
cerevisiae ATCC 9763; Cn, Cryptococcus neoformans ATCC 32264; mg, Microsporum gypseum CCC 115; Tr, Trichophyton rubrum CCC 110; Tm, Trichophyton mentagrophytes ATCC
9972; ATCC, American Type Culture Collection; CCC, Center of Mycological Reference; PPEE, propolis petroleum ether extract; PDCME, propolis dichloromethane extract;
PEtOACE, propolis ethyl acetate extract; PEtOHE, propolis ethanol extract; PMeOHE propolis methanol extract; LnDCME, L.nitida dichloromethane exudates; C 1, 3
smethyl-nordihydroguaiaretic acid; C 2, nordihydroguaiaretic acid; C 3, 4-[4-(4-hydroxy-phenyl)-2,3-dimethyl-butyl]-benzene-1,2-diol; C 4, meso-(rel 75,8S,7'R,8'R)-3,4,3' 4’
-tetrahydroxy-7,7’-epoxylignan; C 5, (7S, 8S,7'S, 8'S)-3,3",4’-trihydroxy-4-methoxy-7,7’-epoxylignan; C 6, isomer of C 1; amp B, amphotericin B; keto, ketoconazole; terb,

terbinafine; - : Not tested.

graphed on silica gel (column length 40 cm, internal diameter 2 cm; 50 g silica gel
(0.063-0.2 mesh, Merck 60); eluant: PE-PE:EtOAc-EtOAc gradient to afford 247 mg
of pure compound 1.

The PEtOACE extract (5.2 g) was permeated on a Sephadex LH-20 column
(43 cm length, 4 cm i.d., eluant: MeOH). After TLC comparison (silica gel, PE:EtOAc
70:30), 15 combined fractions (A1-A15) were obtained. Separation of A5 (294 mg)
by preparative HPLC with MeOH:H,0 (70:30) as eluant afforded 2 (25 mg) and 5
(38 mg) and one impure fraction (12 mg), which was purified by preparative TLC
using DCM:MeOH 9:1 as mobile phase to yield 4 (3.2 mg). The strongest antifungal
fraction A8 (410 mg) was successively permeated through a Sephadex LH-20 col-
umn (43 cm length, 4 cm i.d., eluant: MeOH) and by preparative HPLC (eluant:
MeOH:H,0 70:30) to yield 99.2 mg of compound 2 and 5.6 mg of compound 3.

2.7. L. nitida exudate

The resinous exudate from the aerial parts of L. nitida Cav. was obtained by dip-
ping the fresh plant (100 g) in cold CH,Cl, (DCM, 1000 mL) at room temperature
(26 °C) for 40 s. The DCM solution was filtered and evaporated under vacuum to
give a semisolid yellow residue (LnDCME; 9.35 g, 9.35% w/w yield).

Table 2

2.8. ESI-MS-MS/MS analysis of main identified compounds

High resolution MS and MS/MS spectra of pure compounds were determined by
direct infusion as described in Section 2. Parent ions as well as fragment ions are
reported in the Table 6, using both positive and negative ionization modes. Then,
PDCME, PEtOACE, PMeOHE and LnDCME were evaluated by HPLC-PDA-ESI-MS-
MS/MS (auto, negative mode), confirming the identity of eluted pure compounds.

2.9. VOCs from aerial part of L. nitida and propolis

Volatile organic compounds (VOCs) were sampled from the headspace using a
manual PMDS/DVB (Supelco Inc.) fibre. The fibre was activated according to the
manufacturer’s instructions. For the extractions, either plant material (5 g) or prop-
olis (10 g) were placed in 40 mL amber glass vials, sealed with PTFE/silicone septa
(volume ratio headspace/solid matrix was 1:3), equilibrated during 30 min at 42 °C
and inserted into the injector port (250 °C) of the GC-MS system for 15 min. Iden-
tification of VOCs was performed by comparison of mass spectra with commercial
libraries (ADAMS) using the AMDIS software (version 2.69), matching with MS lit-
erature as well as evaluation of the retention time of target compound relative to
the series of n-alkanes (Table 7).

Minimum inhibitory concentration (MIC) and Minimum fungicidal concentration (MFC) of PDCME; PEtOAcE, LnDCME, 1 and 2 against clinical isolates Trichophyton rubrum and

T. mentagrophytes (MIC and MFC in pg/mL).

Strain PDCME PEtOACE LnDCME MNDGA (1) NDGA (2) terb
MIC100 CFM MICy00 CFM MIC100 CFM MIC100 CFM MIC100 CFM
T. rubrum CCC 113 62.5 62.5 62.5 62.5 62.5 62.5 31.25 31.25 62.5 62.5 0.06
T. rubrum Cccc 110 31.25 31.25 31.25 31.25 31.25 31.25 31.25 31.25 62.5 62.5 0.06
T. rubrum CCC 135 31.25 31.25 31.25 62.5 31.25 31.25 31.25 31.25 62.5 62.5 0.06
T. rubrum CCC 136 62.5 62.5 62.5 62.5 31.25 31.25 31.25 62.5 62.5 62.5 0.06
T. rubrum CCC 137 31.25 31.25 31.25 31.25 31.25 62.5 31.25 31.25 31.25 62.5 0.06
T. rubrum CCC 139 62.5 62.5 62.5 62.5 31.25 31.25 62.5 62.5 62.5 62.5 0.12
T. rubrum CCC 140 31.25 31.25 125 125 31.25 31.25 31.25 31.25 62.5 62.5 0.03
T mentagrophytes ATCC 9972 62.5 62.5 125 125 62.5 62.5 62.5 62.5 62.5 62.5 0.06
T mentagrophytes CCC 108 31.25 31.25 62.5 62.5 31.25 31.25 31.25 31.25 62.5 62.5 0.06
T mentagrophytes CCC 364 62.5 62.5 125 125 15.6 31.25 125 125 62.5 62.5 0.06
T mentagrophytes CCC 539 31.25 31.25 62.5 62.5 31.25 31.25 31.25 31.25 62.5 62.5 0.06
T mentagrophytes CCC 738 62.5 125 125 125 31.25 31.25 62.5 62.5 62.5 62.5 0.06
T mentagrophytes CCC 943 31.25 31.25 125 125 31.25 31.25 31.25 31.25 31.25 31.25 0.06
T mentagrophytes CCC 726 62.5 62.5 62.5 62.5 31.25 31.25 62.5 62.5 62.5 62.5 0.12
T mentagrophytes CCC 189 31.25 31.25 125 125 15.6 31.25 31.25 31.25 62.5 62.5 0.03

MIC; o, concentration of extract or compound that inhibit 100% of the growth control; PDCME, propolis dichloromethane extract; PEtOACE, propolis ethyl acetate extract;
LnDCME, L.nitida dichloromethane exudate; MNDGA (1), 3methyl-nordihydroguaiaretic acid; NDGA (2), nordihydroguayaretic acid; T. rubrum, Trichophyton rubrum; T.
mentagrophytes, Trichophyton mentagrophytes; ATCC, American Type culture Collection; CCC, Center of Micological Reference (Rosario, Argentina); terb, terbinafine.
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Table 3
Minimum inhibitory concentration (MIC) and Minimum fungicidal concentrations (MFC) of PDCME, PEtOACE and LnDCME against clinical isolates of Candida genus (MIC and MFC
in pg/mL).

Strain PDCME PEtOACE LnDCME amp B ket

MICy00 MFC MICi00 MFC MICy00 MFC MICy00 MICy00

C. albicans ATCC 10231 62.5 125 125 125 125 125 1 0.5

C. albicans CCC 125-2000 125 250 125 250 125 125 0.78 6.25

C. albicans CCC 126-2000 62.5 62.5 62.5 125 125 125 1.56 1.56

C. albicans CCC 127-2000 125 125 125 125 62.5 62.5 0.78 6.25

C. albicans CCC 128-2000 62.5 62.5 62.5 125 62.5 62.5 1.56 6.25

C. albicans CCC 129-2000 62.5 62.5 62.5 125 125 125 0.78 125

C. albicans CCC 130-2000 125 250 125 250 125 125 0.39 6.25

C. glabrata CCC 115-2000 125 250 125 125 125 250 0.39 1.56

C. parapsilopsis CCC 124-2000 125 250 125 250 62.5 125 0.78 0.78

C. lusitaniae CCC 131-2000 62.5 125 125 125 125 250 0.39 25

C. colliculosa CCC 122-2000 125 125 125 125 62.5 62.5 0.36 0.78

C. krusei CCC 117-2000 250 >250 250 >250 125 125 0.39 50

C. kefyr CCC 123-2000 62.5 125 62.5 125 62.5 62.5 0.78 0.78

C. tropicalis CCC 131-2000 62.5 125 62.5 125 125 250 0.5 0.125

MIC;00, concentration of extract that induced 100% reduction of the growth control; C. albicans, Candida albicans; C. glabrata, Candida glabrata; C. parapsilopsis, Candida
parapsilopsis; C. lusitaniae, Candida lusitaniae; C. colliculosa, Candida colliculosa; C. krusei; Candida krusei; C. kefyr, Candida kefyr; C. tropicalis, Candida tropicalis; ATCC, American
Type culture Collection; CCC, Center of Micological Reference; PDCME, propolis dichloromethane extract; PEtOACE, propolis ethyl acetate extract, LnDCME, L. nitida

dichloromethane exudates; amp B, amphotericin B; ket, ketoconazole.

Table 4

Minimal inhibitory concentrations (MIC) and Minimal fungicidal concentrations (MFC) of PDCME, PEtOACE and LnDCME against clinical isolates Cryptococcus neoformans (MIC and

MFC in pg/mL).

Strain LnDCME PDCME PEtOACE amp B ket itz 5FC vcz
MIC;00 MFC MIC; o MFC MICy00 MEFC MIC; g0 MIC; g0 MICi00 MIC; 00 MIC; 00
C. neoformans ATCC 32264 62.5 62.5 125 125 62.5 62.5 0.25 0.25 0.15
C. neoformans IM 983040 62.5 62.5 125 125 62.5 62.5 0.13 - <0.015 7.8 <0.015
C. neoformans IM 972724 125 125 250 250 62.5 62.5 0.06 - 0.25 39 <0.015
C. neoformans IM 042074 62.5 62.5 125 125 62.5 62.5 0.25 - <0.015 39 <0.015
C. neoformans IM 983036 62.5 62.5 62.5 62.5 62.5 62.5 0.13 - <0.015 7.8 <0.015
C. neoformans IM 00319 125 125 125 125 62.5 62.5 0.25 - <0.015 n.t. <0.015
C. neoformans IM 972751 125 125 62.5 62.5 62.5 62.5 0.25 - <0.015 15.6 0.030
C. neoformans IM 031631 62.5 125 125 250 62.5 62.5 0.13 - 0.25 7.8 0.25
C. neoformans IM 031706 62.5 62.5 125 250 62.5 125 0.25 - 0.50 7.8 0.50
C. neoformans IM 961951 125 250 125 125 62.5 62.5 0.06 - <0.015 39 0.015
C. neoformans IM 052470 125 125 125 250 62.5 62.5 0.50 - <0.015 7.8 0.030

MIC, 4o, concentration of extract that inhibit 100% of the growth control; C. neoformans, Cryptococcus neoformans; ATCC, American Type culture Collection; IM, Malbran
Institute; PDCME, propolis dichloromethane extract; PEtOACE, propolis ethyl acetate extract, LnDCME, L. nitida dichloromethane exudate; amp B, amphotericin B; ket,
ketoconazole; itz, itraconazole; 5FC, 5-fluorocitosine; vcz, voriconazole; -: Not tested.

2.10. Antifungal activity

2.10.1. Microorganisms and media

For the antifungal evaluation, we used strains from the American Type Culture
Collection (ATCC), Rockville, MD, USA and CEREMIC (CCC), Centro de Referencia en
Micologia, Facultad de Ciencias Bioquimicas y Farmacéuticas, Suipacha 531, 2000-
Rosario, Argentina. The first panel was integrated by the following microorganisms:
Candida albicans ATCC 10231, Candida tropicalis CCC 131-2000, Saccharomyces cere-
visiae ATCC 9763, Cryptococcus neoformans ATCC 32264, Aspergillus flavus ATCC
9170, Aspergillus fumigatus ATTC 26934, Aspergillus niger ATCC 9029, Trichophyton
rubrum CCC 110, Trichophyton mentagrophytes ATCC 9972 and Microsporum gypse-
um CCC 115. The second panel of clinical isolates included 13 Candida spp., 10 C.
neoformans, 6 T. rubrum and 7 T. mentagrophytes strains (voucher numbers reported
in Tables 2-5). Inocula of cell or spore suspensions were obtained according to re-
ported procedures and adjusted to 1-5 x 10> cells/spores with colony forming units
(CFU)/mL (CLSI, 2002, 2008).

2.10.2. Antifungal susceptibility testing

Minimum inhibitory concentration (MIC) of each extract or pure compound was
determined by broth microdilution techniques, in according to the guidelines of the
Clinical and Laboratory Standards Institute (CLSI, 2002, 2008). MIC values were
determined in RPMI-1640 medium (Sigma, St. Louis, MO, USA), buffered to pH 7.0
with MOPS. Microtiter trays were incubated at 35 °C for yeasts and hialohyphomy-
cetes and at 28-30 °C for dermatophytes strains in a moist, dark chamber. MICs
were visually recorded at 48 h for yeasts, and at a time according to the control fun-
gus growth, for the rest of fungi. For the assay, stock solutions of pure compounds
were two-fold diluted with RPMI medium from 256 to 0.98 ng/mL (final volume
100 pL) to reach a final dimethyl sulfoxide (DMSO) concentration <1%. A volume

of 100 pL of inoculum suspension was added to each well with the exception of
the sterility control, where sterile water was instead added to the well. Ketocona-
zole, terbinafine, itraconazole, 5-fluorocitosine, voriconazole and amphotericin B
were used as positive controls. Endpoints were defined as the lowest concentration
of drug resulting in total inhibition (MIC;q0) of visual growth compared to the
growth in the control wells containing no antifungal. MICg and MICs, were defined
as the lowest concentration of a compound that induced 80% or 50% reduction of
the growth control respectively (culture media with the microorganism but with-
out the addition of any compound) and was determined spectrophotometrically
with the aid of a VERSA Max microplate reader (Molecular Devices, USA). The min-
imum fungicidal concentration (MFC) of each compound for each isolate was deter-
mined as follows. After determining the MIC, an aliquot of 5 uL was withdrawn
from each clear well of the microtiter tray and plated onto a 150 mm RPMI-1640
agar plate buffered with MOPS (Remel, Lenexa, Kans). Inoculated plates were incu-
bated at 30 °C, and MFCs were recorded after 48 h. The MFC was defined as the low-
est concentration of each compound that resulted in total inhibition of visible
growth in the plates (Rodero and Cérdoba, 2007).

3. Results and discussion
3.1. Antifungal activity of propolis extracts and L. nitida exudate

The PPEE, PDCME, PEtOACE, PEtOHE and PMeOHE extracts of
the three collected raw propolis samples and LnDCME were as-
sayed for antifungal activity against the first panel of fungi (see
Section 2.10.1).
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Table 5

Minimum inhibitory concentrations (MIC) and Minimum fungicidal concentrations (MFC) of MNDGA and NDGA against clinical isolates of Candida genus and Cryptococcus

neoformans (MIC and MCF in pg/mL).

Strain MNDGA (1) NDGA (2) amp ket. itz 5FC vcz
MICio0 MICgg MICsy  CFM MICip0 MICgp MICs  CFM MICig0  MICip0  MICigp  MICigp  MICigo

C. albicans ATCC 10231 62.5 62.5 31.25 125 250 250 125 250 1.0 05 - - -

C. albicans CCC 125-2000 125 62.5 62.5 125 250 250 250 500 0.78 6.25 - - -

C. albicans CCC 126-2000  62.5 31.25 31.25 62.5 250 250 125 250 1.56 1.56 - - -

C. albicans CCC 127-2000  62.5 31.25 31.25 125 250 250 125 250 0.78 6.25 - - -

C. albicans CCC 128-2000  62.5 31.25 15.6 62.5 250 250 125 250 1.56 6.25 - - -

C. albicans CCC 129-2000  62.5 31.25 31.25 62.5 250 250 125 250 0.78 12.5 - - -

C. albicans CCC 130-2000 125 125 62.5 250 250 250 125 250 0.39 6.25 - - -

C. glabrata CCC 115-2000 125 62.5 62.5 125 250 250 250 500 039 1.56 - - -

C. parapsilopsis ~ CCC 124-2000 125 62.5 31.25 250 250 250 250 250 0.78 0.78 - - -

C. lusitaniae CCC 131-2000 125 62.5 62.5 125 500 500 250 1000 0.39 25 - - -

C. colliculosa CCC 122-2000  62.5 31.25 31.25 62.5 250 250 125 500 0.36 0.78 - - -

C. krusei CCC 117-2000 125 125 62.5 250 500 500 250 1000 0.39 50 - - -

C. kefyr CCC 123-2000  31.25 31.5 15.6 62.5 250 250 125 500 0.78 0.78 - - -

C. tropicalis CCC 131-1997 625 62.5 31.25 125 250 250 125 500 0.5 0.125 - - -

C. neoformans ATCC 32264 31.25 15.6 7.8 31.25 250 250 62.5 250 0.25 0.25 0.15 - -

C. neoformans IM 983040 31.25 31.25 15.6 31.25 250 250 125 250 0.13 - <0.015 7.8 <0.015

C. neoformans IM 972724 15.6 15.6 7.8 15.6 250 250 62.5 250  0.06 - 0.25 39 <0.015

C. neoformans IM 042074 31.25 31.25 15.6 3125 250 250 62.5 250 0.25 - <0.015 3.9 <0.015

C. neoformans IM 983036 31.25 31.25 15.6 31.25 - - - - 013 - <0.015 7.8 <0.015

C. neoformans IM 00319 31.25 15.6 15.6 3125 125 125 62.5 125 0.25 - <0.015 n.t <0.015

C. neoformans IM 972751 31.25 15.6 15.6 3125 250 250 125 250 0.25 - <0.015 15.6 0.030

C. neoformans IM 031631 31.25 31.25 15.6 31.25 250 250 125 250 0.13 - 0.25 7.8 0.25

C. neoformans IM 031706 31.25 31.25 31.25 31.25 250 250 125 250 0.25 - 0.50 7.8 0.50

C. neoformans IM 961951 31.25 31.25 15.6 3125 250 250 125 250  0.06 - <0.015 39 0.015

C. neoformans IM 052470 31.25 31.25 15.6 3125 250 250 125 250 050 - <0.015 7.8 0.030

MIC;00, MICgo and MICsq: concentrations of a compound that induced 100%, 80% and 50% reduction of the growth control respectively. C. albicans, Candida albicans; C. glabrata,
Candida glabrata; C. parapsilopsis, Candida parapsilopsis; C. lusitaniae, Candida lusitaniae; C. colliculosa, Candida colliculosa; C. krusei, Candida krusei; C. kefyr, Candida kefyr; C.
tropicalis, Candida tropicalis; C. neoformans, Cryptococcus neoformans; ATCC, American Type culture Collection; CCC, Center of Micological Reference; IM, Malbran Institute.
MNDGA (1), 3methyl—nordihydroguaiaretic acid; NDGA (2), nordihydroguayaretic acid; amp B, amphotericin B; ket, ketoconazole; itz, itraconazole; 5FC, 5-fluorocitosine; vcz,

voriconazole; —: Not tested.

Table 6
Compounds identified and quantified from propolis extracts (PMeOHE, PDCME, PEtOACE) and L. nitida exudate (LnDCME), indicating their Rt, HPLC-QTOF, UV, MS characteristics.
Peak RT [M -H]" QTOF MS/MS (fragments) Molecular Compounds LnDCME?® PMeOHE? PDCME? PEtOACE?
number (min) formula
1 6.3 315.1594  300.1355, 241.0473, 149.0593, 122.0360  Cy9H2404 1 2097 +0,12 7.13+1.05 14.10 £ 0.01 9.17£0.79
2 4.6 301.1457  273.1496, 122.0373 Cy5H2204 2 3041+0.12 17.98 +047 10.07£0.10 32.22+5.49
3 5.9 285.1511 122.0376 Cy5H2203 3 7.38 £0.06 5.91+0.32 6.97 £ 0.06 7.17 £0.69
4 39 329.1415 177.0924, 151.0402, 137.0239 Cy9H2205 4 2.68 +0.03 2.57 £0.01 2.58 +0.50 2.39+0.09
5 2.0 315.1253  137.0246 Cy8H2005 5 2.91+0.22 2.90£0.04 2.29+0.01 5.41+0.51
6 6.4 315.1584 300.1353, 241.0471, 149.0590, 122.0365 Cy9H2404 6 5.60+0.16 1.59+ +£0.20 6.97 £ 0.26 4.81+0.29

(Isomer of 1)

2 Data determinated by HPLC-QTOF-MS method, are reported in g compounds/100 g propolis and correspond to the mean standard deviation (SD) calculated from at least

three replicates.

Results (Table 1) showed that all tested dermatophytes and
yeasts were inhibited by the propolis extracts with MIC values be-
tween 62.5 and 1000 pg/mL. The dermatophytes M. gypseum, T.
mentagrophytes and T. rubrum were moderately inhibited with
MIC values between 62.5 and 250 pg/mL. Among different extracts,
PDCME and PEtOAcE showed the highest activities, MICs values
from 62.5 to 125 pg/mL. The yeasts C. albicans, S. cerevisiae and C.
neoformans were the most susceptible species (MICs values be-
tween 31.2 and 125 pg/mL), displaying PDCME the highest activity.
It is worth to mention that the extracts were not only fungistatic
but fungicide, with PDCME having the lowest MFC values
(31.2 to 125 pg/mL). Regarding PMeOHE inhibit the growth of S.
cerevisiae and C. neoformans with MICs of 62.5 and 125 pg/mL.
The species of Aspergillus genus were less sensitive to propolis
extracts (MICs between 250 and 1000 pg/mL, data not shown).

Similarly, LnDCME exhibited antifungal activity against derma-
tophytes and yeasts with MIC values ranging from 50 to 125 pg/
mL, while it was slightly active against species of Aspergillus genus

(250-1000 pg/mL, data not shown) in according to previous report
on L. tridentata (Vargas-Arispuro et al., 2005).

In order to gain insight to their activity spectrum , extracts dis-
playing MIC values <125 pg/mL (PDCME, PEtOACE and LnDCME)
against dermatophytes, Candida spp. and C. neoformans of the first
panel were tested against a second panel of clinical isolates of T.
mentagrophytes, T. rubrum, Candida spp. and C. neoformans (Tables
2-4).

Three extracts (PDCME, PEtOACE and LnDCME) displayed strong
activities against T. rubrum second panel (Table 2), with MICs val-
ues of 31.25 pg/mL. These extracts were also fungicide against all
strains (MFC range from 31.25 to 62.5 pg/mL), which is highly
appreciated in antifungal drugs to avoid recurrence. Regarding to
T. mentagrophytes clinical isolates, extracts showed a similar
spectrum.

Over 90% of invasive Candida infections can be attributed to five
species: C. albicans, C. glabrata, C. parapsilosis, C. tropicalis and C.
krusei. C. albicans remains the most common species, but in recent
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Table 7
Chemical composition for the volatile profile of L. nitida and propolis.

Compound RI® L. nitida Propolis Identification®
2-Heptanone 889 + + GC-MS; RI
Tricyclene 935 + + GC-MS; RI
Camphene 952 + + GC-MS; RI
(E)-hexenol acetate 978 + GC-MS; RI
N-octanal 1003 + GC-MS; RI
Terpinene 1019 + + GC-MS; RI
o-Cymene 1027 + + GC-MS; RI
Limonene 1032 + + GC-MS; RI
Phellandrene 1034 + GC-MS; RI
m-Cresol 1036 + GC-MS; RI
Terpinene 1061 + + GC-MS; RI
Acetophenone 1070 + + GC-MS; RI
Terpinolene 1088 + GC-MS; RI
2-Nonanone 1091 + + GC-MS; RI
p-Cymenene 1092 + + GC-MS; RI
Linanool 1100 + + GC-MS; RI
N-nonanal 1105 + GC-MS; RI
Benzyl acetate 1164 + GC-MS; RI
Borneol 1186 + + GC-MS; RI
4-Terpineol 1197 + + GC-MS; RI
Methyl salicylate 1199 + GC-MS
Terpineol 1206 + + GC-MS; RI
N-decanal 1433 + GC-MS; RI
(E)-Caryophyllene 1433 + + GC-MS; RI
cis-Bergamotene 1440 + GC-MS; RI
Humulene 1469 + GC-MS; RI
AR-curcumene 1487 + GC-MS; RI
Hexadecane 1524 + GC-MS; RI
cis-Guaiene 1638 + + GC-MS; RI
Eudesmol 1670 + + GC-MS; RI
Nonadecane 1777 + GC-MS; RI
Eicosane 1791 + GC-MS; RI

2 Experimental RI determined on the DB-5 column relative to homologous series
of n-alkanes.

> Compounds were identified by comparison of their retention indices (RI) and
mass spectra with literature data and reference compound.

years has a considerable increase in the proportion of non-albicans
Candida species (Infante-Lopez and Rojo-Conejo, 2009). PDCME,
PEtOACE and LnDCME showed similar and good activities against
this second panel Candida spp. with MICs between 62.5 and
125 pg/mL.

Table 4 shows results of antifungal activities of PDCME, PEtOACE
and LnDCME against clinical isolates of C. neoformans. PEtOAcE was
the most active as fungistatic and fungicide against all clinical
isolates with equal MICs and MFC (62.5 pg/mL). The activity of this
extract was comparable to that shown by the LnDCME (MICs
between 62.5 and 125 pg/mL). PDCME showed a slightly lower
but significant antifungal activity against all clinical isolates of C.
neoformans (MICs values from 62.5 to 125 pg/mL).

These results undoubtedly give a scientific support to the tradi-
tional use of propolis from the studied area for fungal related infec-
tions. It is worthy to consider that the signs or symptoms that are
related to a traditional antifungal use are easy to see such as skin or
mucosal conditions (tineas, athlete’s foot, dandruff, etc.), which are
usually produced by dermatophytes (Trichophyton and Microspo-
rum spp.) (Weitzman and Summerbell, 1995).

3.2. Antifungal activity of main isolated compounds

Pure compounds 1-5, identified during the bioassay-guided
fractionation of propolis, were also assessed for antifungal effect.
Regarding their activity against dermatophytes, compounds 1-2
were fungistatic and fungicidal against all the strains of the first
panel, with equal MICs and MFC (62.5 pg/mL) (Table 1). Compound
3 was the most active metabolite, showing a selective and strong
activity against dermatophytes species of the first panel with MICs

values between 15.6 and 31.25 pg/mL. T. mentagrophytes and T. ru-
brum presented the lowest MICs values (15.6 pg/mL). Compound 4
was slightly active against dermatophytes with MICs of 250 pg/mL,
while compound 5 was inactive (MIC > 250 pg/mL) (Table 1).

On the other hand, compounds 1, 2 and 3 were active against
the tested yeasts (MICs between 31.25 and 250 pg/mL). Compound
1 showed fungistatic and fungicidal effect against S. cereviceae and
C. neoformans (MICs and MFCs values of 31.25 pg/mL) (Table 1).

Compounds 1 and 2 were also tested against the second panel.
Lignan 1 was active against 5/6 clinical isolates of T. rubrum and
four out of seven strains of T. mentagrophytes with equal MICs
and MFCs (31.25 pg/mL). Compound 2 displayed activity against
T. rubrum and T. mentagrophytes with MICs and MFCs values be-
tween 31.25 and 62.5 pg/mL (Table 2). There is a close similarity
in the results against dermatophytes between PDCME, PEtOACE,
LnDCME and compounds 1-2. This suggests that the activity of this
propolis could be partially attributed to the presence of 1 and 2 in
its composition or an additive action or synergism with other com-
pounds is possible.

In addition, lignans 1 and 2 were tested against clinical isolates,
including Candida strains (C. albicans and non-albicans Candida
spp.) and strains of C. neoformans by using three endpoints:
MIC;q9, MICgo and MICsy (the minimum concentration of com-
pounds that inhibit 100%, 80% and 50% of growth respectively)
and minimum fungicide concentration (MFC) (Table 5). The appli-
cation of less stringent endpoints such as MICgg and MICsq has
been showed to consistently represent the in vitro activity of com-
pounds (CLSI, 2002) and many times provides a better correlation
with other measurements of antifungal activity such as the MFC
(Ernst et al., 2002).

The selection of Candida and Cryptococcus strains for the second
panel was due to the relevance of these fungi in the epidemiology
of fungal infections. Candida spp. are among the leading causes of
nosocomial blood stream infections worldwide and, although C.
albicans was in the past associated with invasive mycoses, at pres-
ent non-albicans Candida spp. (C. tropicalis, C. glabrata, C. parapsil-
opsis, C. krusei and others) comprise more than half of the
isolates of candidosis in immunocompromised hosts (Almirante
et al,, 2005). In turn, C. neoformans remains an important life-
threatening complication for weakened patients, particularly for
those who have undergone transplantation of solid organs, and
therefore, new compounds acting against this fungus are highly
welcome (Singh, 2003).

Results (Table 5) showed that MIC values of compound 1 were
particularly low against C. neoformans, with values as low as
15.6 pg/mL in one strain and 31.25 pg/mL in 9/10 strains tested.
Regarding non-albicans Candida spp., the most sensible strains
was C. kefir (MIC of 31.25 pg/mL). Compound 2 was moderately ac-
tive against all tested clinical isolates (MIC values between 125 and
250 pg/mL). These results give additional support to the antifungal
activity of the medicinal plant L. nitida, an endemic species from
Argentina.

Regarding Aspergillus genus, the three tested species are the
cause of infections in the respiratory tract in both immunocompe-
tents and immunocompromised hosts. Among them, A. fumigatus is
the main pathogen causing invasive aspergillosis, which is usually
lethal in immunocompromised hosts. Since the incidence of these
highly sporulating fungi has increased sevenfold from 1970 to date,
new agents for treating this fungal infection are highly welcome
(Denning and Stevens, 1990). The three species of Aspergillus genus
were less sensitive to propolis extracts and L. nitida exudate (MICs
values between 250 and 1000 pg/mL, data not shown). The moder-
ate antifungal activity of the extracts may be related to the pres-
ence of lignans 1 and 2, which has been reported as effective in
inhibiting mycelial growth of A. flavus and A. parasiticus (MICs val-
ues between 300 and 500 pig/mL) (Vargas-Arispuro et al., 2005).
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3.3. Isolation and characterization of antifungal compounds from
propolis extracts and LnDCME. Evaluation of the botanical origin of
studied propolis

The geographical location and associated flora determine the
propolis composition. The genus Larrea is almost endemic to
Argentina. In the province of San Juan three out of four species re-
ported for Argentina are present: L. nitida, L. cuneifolia and L. divari-
cata, which are commonly known as the creosote bush, and are
widely used in the folk medicine (Ladio and Lozada, 2009). L. nitida
is distributed mainly in pre-Andes mountain area from the prov-
ince of Salta (north Argentina) to the province of Chubut (south
Argentina). In the province of San Juan, L. nitida is present in the
west pre-Andes mountain area (Calingasta and Iglesia) between
1500 and 3000 m.a.s.l. (Kiesling, 2003). Bioassay-guided isolation
of the antifungal propolis extracts PDCME, PEtOAcE and L. nitida
exudate (LnDCME) led to the isolation of 3methyl-nord-
ihydroguaiaretic acid (MNDGA) 1 and nordihydroguaiaretic acid
(NDGA) 2 and compound 3 (4-[4-(4-hydroxy-phenyl)-2,3-di-
methyl-butyl]-benzene-1,2-diol) as the compounds mainly
responsible for the antifungal activity. Additionally, two epoxylign
ans: compound 4 meso-(rel 7S,8S,7'R,8'R)-3,4,3’,4’-tetrahydroxy-
7,7-epoxylignan and compound 5 (7S,8S,7'S,8'S)-3,3"4’-trihy
droxy-4-methoxy-7,7’-epoxylignan) were isolated. Compounds 1-
5 were identified by their spectroscopic data ('H and >C NMR),
which are in agreement with those reported in the literature
(Abou-Gazar et al., 2004; Gnabre et al., 1995; Mabry et al., 1977).
Further structural confirmation was achieved by HPLC-PDA-ESI-
MS-MS/MS analyses on both exudates and propolis extracts from
L. nitida (Fig. 1). Some of these and other lignans have been previ-
ously reported in extracts from Larrea spp. (Abou-Gazar et al,
2004; Gnabre et al., 1995; Mabry et al., 1975; Torres et al., 2003;
Vargas-Arispuro et al., 2005). Table 7 shows the compounds which
were identified and quantified from different propolis extracts and
exudates from L. nitida, indicating their chromatographic charac-
teristics in addition to high resolution MS and MS/MS spectra. Also,
Table 6 shows compound 6 which, was identified by means of
HPLC-PDA-ESI-MS-MS/MS analyses on both exudates and propo-
lis extracts from L. nitida. Compound 6 displayed a molecular ion at
m/z 315 (HPLC-ESI-MS: mj/z: 315.1584 [M-H]"), indicating a
molecular formula of C;gH,404. The mass spectra of compounds
1 and 6 are nearly identical. This fact supports that these com-
pounds are isomers. As the structure of compound 1 has been
unequivocally assigned to 3’-methyl-nordihydroguaiaretic acid, a
tentative structure could be proposed for 6 as 4’-methyl-nord-

ihydroguaiaretic acid. Compound 6 has been previously isolated
from Larrea tridentata (Gnabre et al., 1995). From the resinous exu-
date of twigs end leaves of L. nitida, two lignans nor isoguaiacine,
nor-dihydroguaiaretic acid (2) and ferulic acid were reported (Tor-
res et al., 2003). However, to the extent of our knowledge, this is
the first report on the isolation of 1-6 from propolis. In addition
compound 1 and 3-6 were identified and reported for first time
as constituents of L. nitida Cav.

Considering that L. nitida is the main floral and exudates source
within the studied beehives’ area, we decided to evaluate the pos-
sible relation between propolis samples and L. nitida exudates by
HPLC-PDA-ESI-MS-MS/MS, by comparison of the chemical pro-
files of exudates and different propolis extracts (PDCME, PEtOACE,
PMeOHE and LnDCME). In order to obtain exudate samples, fresh
aerial parts of L. nitida were collected at Bauchaceta (Iglesia dis-
trict, province of San Juan), and the corresponding extracts were
prepared by dipping in dichloromethane (LnDCME). Propolis sam-
ples were collected from beehives present in the same area.

Comparative  HPLC-PDA-ESI-MS-MS/MS fingerprints  of
PDCME, PEtOACE, PMeOHE and LnDCME are shown in Fig. 2. Com-
pounds 1-5 were detected and unambiguously identified by high
resolution MS and by comparison with pure compounds isolated
from extracts which were characterized by 'H and '>C NMR, high
resolution MS and MS/MS. Pure compounds were also analyzed
and quantified by HPLC-PDA-ESI-MS-MS/MS affording typical
retention times (R;) and MS information. The results of these anal-
yses are summarized in Table 6.

In a previous paper we reported the chemical profile match of Z.
punctata Cav. exudates with their corresponding propolis from the
province of Tucuman (Argentina) using HPLC-ESI-MS/MS using a
triple quadrupole instrument (Agiiero et al., 2010).

In the present study, high-resolution time-of-flight mass spec-
trometry (TOF-MS) was used instead for the analysis of the chem-
ical profiles. This technique provides a higher order mass
identification than that afforded by nominal mass measurement
obtained with other types of mass analyzers, such as triple-quad-
rupole MS and IT-MS (Zhou et al., 2010). Furthermore, ESI sources
coupled to tandem quadrupole/collision cell/time-of-flight mass
spectrometry (Q-TOF) allow the generation of both MS and MS/
MS information with great accuracy, enabling structural informa-
tion and exact mass, turning on-line HPLC-PDA-ESI-QTOF-MS a
highly useful technique for the screening of natural products (Zhou
et al., 2009).

Our current results give state of the art HPLC-PDA-ESI-QTOF-
MS evidence on the chemical correspondence between native flora

Compound R R,
1: 3'methyl-nordihydroguaiaretic acid OCHs OH
2: nordihydroguaiaretic acid OH OH

OH H
3. 4-[4-(4-hydroxy-phenyl)-2,3-dimethyl-
butyl]-benzene-1,2-diol

OCH3

4. meso-(rel 78,85,7R,8'R)-34,3" 4'-
tetrahydroxy-7,7 -epoxylignan

OH

5:(75,85,7°5,8°5)-3,7 4’-uihydrozy-4-

methoxy-7,7" -epoxylignan

Fig. 1. Main antifungal lignans and epoxylignans from propolis extracts (PDCME, PEtOACE and PMeOHE) and Larrea nitida exudate (LnDCME) from the province of San Juan,

Argentina.
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Fig. 2. HPLC-DAD-QTOF trace of LnDCME, PMeOHE, PDCME and PEtOAcE. Peaks: 1,
3methyl—nordihydroguaiaretic acid, 2, nordihydroguaiaretic acid, 3, 4-[4-(4-
hydroxy-phenyl)-2,3-dimethyl-butyl]-benzene-1,2-diol, 4, meso-(rel 7S,8S,7'R,8'R
)-3,4,3’ 4’-tetrahydroxy-7,7’-epoxylignan and 5, (7S,8S,7’S,8’S)-3,3",4’-trihydroxy-4-
methoxy-7,7'-epoxylignan, 6 isomer of 1.

(L. nitida) with propolis exudates. The strong antifungal activity of
Andean propolis extracts from the province of San Juan was as-
sessed for first time.

3.4. VOCs correspondence between L. nitida and propolis profiles

The VOCs profile of L. nitida reveals the predominance of mon-
oterpenoids in comparison with a much complex profile for prop-
olis (Table 7), including several hydrocarbon sesquiterpenes and
C16-20 alkanes. It is noteworthy that 17 common constituents
were detected in both samples, while other 12 compounds were
only present in the propolis. VOCs from L. nitida also detected in
the propolis were mainly monoterpenoids (Table 7). Among them,
o-cymene and limonene were the most abundant monoterpene
hydrocarbons present in L. nitida, both of them being conserved
in the propolis (data not shown). These results show a relative
similarity among the VOCs profile of L. nitida and that correspond-
ing to the studied propolis, although several constituents, mainly
some aldehydes and sesquiterpenes, were exclusively detected in

the propolis. Among them, nonanal and o-cis-bergamotene, o-
humulene and AR-curcumene have been found in Greek propolis
(Melliou et al., 2007). Monoterpenes such as limonene, o- and
B-terpinene, B-phellandrene and borneol have also been cited as
constituents of Greek propolis (Melliou et al., 2007). To the best
of our knowledge, this is the first report on the characterization
of the VOCs profile for Argentinean propolis.

4. Conclusions

The findings in the present study support the potential of
Argentinean Andean propolis to treat fungal diseases, and reinforce
their use in Argentina as important complementary food due to
their functional and biological properties. On the other hand, con-
sidering the close similarity between the propolis composition and
those corresponding to L. nitida exudates and VOCs profiles, we
suggest that L. nitida could be considered the botanical origin of
the studied propolis. Compounds 1-6 were isolated from propolis
for the first time, while compounds 1 and 3-6 were reported for
first time as constituents of L. nitida Cav.
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