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Abstract

Ethnopharmacological relevanc@&he Argentinean medicinal plantsrrea divaricata
Cav., Larrea cuneifolia Cav., Larrea nitida Cav., Zuccagnia punctataCav. and
Tetraglochin andinaCiald are used alone and in combined in traditional mediby
inhabitants from Argentinean northwestern to solwgcosis, vaginal infections,
gastrointestinal, respiratory, and inflammatorygass.

Aim of the studyTo assess the effect of interactions between xinaes of these five
species of medicinal plants against yeast straiolated from vaginal infections, select
the most active mixtures and evaluate the antamfhatory and antioxidant activities.
Material and methodsSynergy between the plants extracts was studigd) @sbroth
microdilution assay by the checkerboard method rej&gaccharomyces cerevisiae,
Candida albicans,and nonalbicans strains. The inhibitory effect on lipoxygenase
enzyme and the antioxidant capacity in cell fred aall systems were studied. The
chemical profile was evaluated by qualitative andhrgitative screening, whereas
chemical markers were quantified by HPLC-DAD.

Results: A synergistic antifungal effect was observed inmeo of the binary
combinationsZ. punctata/ L. divaricataZ. punctata L. cuneifolia,andZ. punctata/ L.
nitida were the most active mixtures. Nordihydroguaiareicid and 24'-
dihydroxychalcone, two antifungal compounds pregethese extracts, were identified
and quantified by HPLC-DAD. Both the single exteend the bi-herbal mixtures
showed antioxidant activity (in cellular and inlefeée systems) and were active on pro-
inflammatory enzymes (LOX).

Conclusions:Our results indicated that the most active contiona of these species
extracts could be useful in the treatment of vdginéectious diseases caused by

Saccharomyces cerevisiaad Candidaspp.strains and in the associated oxidative and



inflammatory processes. In addition, the resultghlighted the potential phyto-

therapeutic of total phytochemical compounds presethese medicinal plants

1. Introduction

Larrea divaricata Cav. (common names: “jarilla”, “jarilla hembra”, famanilla”,
“jarilla del cerro”, “yarilla”), Larrea cunefoliaCav. (common names: “jarilla”, “jarilla
crespa”, “jarilla macho”, “jarilla del campo”, “jdla norte-sur”), Larrea nitida Cav.
(common names: “jarilla”, “jarilla de la montafidtrespa”, “pispa”, “pispita”, “jarilla
fina”), Zuccagnia punctat€av. (common names: “jarilla pispito”, “pus pustata”,
“Jarilla macho”) and Tetraglochin andinaCiald (common names: “horizonte”,
“canguia”, “rancha-rancha”, “kailla”, “afiahuaya’yeamedicinal plants that grown in
arid and semiarid regions of Argentina, and ared usetreat mycosis, gastrointestinal,
respiratory, and inflammatory diseases accordingtttoobotanical data in several local
communities in Argentina (Carabajal et al., 202@r&ho et al., 2018a). Jarillas aerial
parts are collected, dried and commercialized inthaon Argentina, mainly in the
Calchaquies valleys (Fig. 1). A wide range of phacological activities for these
species was previously described, indicating tipeitential use as an alternative or
complementary medicinén previous works, we standardized hydroalcohoktraets
of these five species by chemical composition aotbgical properties. Each of them
indicated to be effective again€landida albicansand nonalbicans strains isolated
from vaginal infections as well as antibiotic résm bacteria (in vivo and in vitro),
showed antioxidant and anti-inflammatory activiti@doreno et al., 2015a; 2018a, b, c;
Zampini et al., 2005, 2007, 2012). The pharmacadgmosharacterization of the
vegetative organs of these species was also rep(ivtercado et al., 2018; Moreno et

al., 2015b; 2018a, b). In a previous work, chitosarcrocapsules containing dry



extracts of these medicinal plants for infectioaginal were developed and compared
with conventionally used tablets containing the samtracts (Moreno et al., 2018c).
The purpose of this study was to determine thefuamgal against strains d@andida
spp. andSaccharomyces cerevisjaanti-inflammatory and antioxidant activities of
mixtures of these herbs. Herbal medicines are cltextaed using mixtures of two herbs
(bi-herbs) or several herbs in a single formulawhich the pharmacological activities
of one single herb is either potentiated and/oadgerse effects reduced by addition of
other herbs (Wagner, 2011). This thus led to a rfererable response for some herbal
combinations than for the constituent’s herb udedeg which suggests that therapeutic
effects of these herbal products may arise fronemgistic actions. In these studies,
synergism is assumed to occur if the effective eatration of components in
combination is significantly reduced or the effeofscomponents in combination are
significantly increased with respect to that offreawdividual component (Torres et al.,
2017). Combination therapy can be used to expamdatitimicrobial spectrum, to
prevent the emergence of resistant strains, tonnizei toxicity and to obtain synergistic
antimicrobial activity (Aiyegoro and Okoh, 2009)nAncreasing number of studies
methods of synergistic method have been used, sischisobolographic analysis,
ANOVA and interaction index (Wagner, 2011, Ma et aD09). In the present study,
was determined the interaction index of binary cmations between these five

medicinal plants by the checkerboard method.

2. Material and methods
2.1. Plant material
The plant parts used were leaves and stems (genitd), according to the traditional

use.Zuccagnia punctat&av. ¢p), Larrea cuneifoliaCav. (c) andL. divaricataCav.



(Ld) were collected in April 2015 at Amaicha del Valleucuman, Argentina at 2000
m.a.s.l. (65°43'36.119"W, 26°40'59.88"3,arrea nitida (Ln) was collected in April
2015 at Vinchina, La Rioja, Argentina at 3485 mla(68°41'33.74"W, 28°34'03.74"S).
Tetraglochin andingCiald, according to Acosta et al. (2016) and G@H&dand Pometti
(2017), formerlyTetraglochin cristatum(Britton) Rothm (www.theplantlist.org) was
collected in February 2015 in Huaca Huasi, TucumArgentina (4300 m.a.s.l.,
65°44.23'W, 26°39.35'S). The samples were idemtibg Dra. Soledad Cuello (botanic
specialist), Laboratorio de Investigacion en ProosidNaturales (LIPRON-INBIOFIV-
CONICET) and the taxonomic identification was comiéd by the Plant List (2013).
Voucher specimend_( cuneifolia LIL 614829;L. divaricata LIL 614299;L. nitida
LIL 615845; Z. punctatalLIL 605935; T. andinaLIL 610669) were deposited at the
Herbarium of Fundacion Miguel Lillo (Tucuméan, Argera). The samples (Figure 2)
were dried in a forced air oven at 40°C and thewy there ground.

2.2. Dry extract preparation

The powdered dried plant material (10 g) was maedra 200 mL of 60° ethanol for 1
h with ultrasonic application five times for 10 mi@ombined extracts were filtered,
taken to dryness under reduced pressure and tbphilized to afford the extracts. The
extraction yield was determined. Dry extracts wept at -20°C until their used. Then,
the dry extracts were dissolved in ethanol 60° d@aycout the phytochemicals and
biological assays. They were mixed to obtain bir@mbinations as described in Table
1.

2.3. Phytochemical characterization

2.3.1. Qualitative phytochemical screening

Qualitative screening was carried out to deterntiveeoccurrence of flavonoids (Mojab

et al., 2003), cardiac glycosides (Teke et al.,020toumarins (Teke et al., 2010),



tannins (Adegboye et al.,, 2008), free anthraguiso(@nwukaeme et al., 2007),
saponins (Ayoola et al., 2008), terpenoids, ster@dd alkaloids (Adegboye et al.,
2008).

2.3.2. Quantitative phytochemical screening

Total phenolic compound (TPC) content was deterthimg Folin-Ciocalteau method.
(Costamagna et al.,, 2013). Non-flavonoid phenol&-By were determined in the
supernatant by the Folin-Ciocalteau method aftecipitation of the flavonoids with
acidic formaldehyde (Isla et al., 2014). Flavonpitenolic (FP) content was calculated
by the difference between TPC and NF-P. Flavone fewdnone content was also
determined (Costamagna et al., 2013).

2.4. | dentification of phenolics by HPLC-DAD

The extracts were analysed by HPLC (Waters Corjporavilford, MA, USA) coupled
to a diode array detector (Waters 2998 photodiodey aletector) in an analytical C18
column (XBridge) (4.6 x 150 mm, pm; Waters Corporation, Milford, MA), using a
manual injection valve with a 20L loop (Rheodyne Inc., Cotati, CA). The solvent
system for the separation of components from etgnaas composed of solvent A (9%
acetic acid in water) and solvent B (methanol) (tbons: 25-45% B from 0 to 10 min,
kept at 45% B from 10 to 20 min, increasing to 7@#0 min, 75% to 50 min and
100% B to 55 min).

The flow rate was set at 0.5 mL/min. A solutionZoing/mL of each extract was used.
Data collection was carried out with EmpowerTM Ztware. The identification of
compounds present in the mixtures was carried gutdmparing the retention times
and spectral data (220-600 nm) of each peak wibsettof standards from Sigma-

Aldrich (MO, USA) and Indofine Chemical Companyg¢In



2.5.Biological activity studies

2.5.1. Antimicrobial assays

2.5.1.1. Yeast strain and inoculum preparation

The yeaststrains were provided by Instituto Dr. Carlos G.liMan, Buenos Aires,
Argentina. The strains tested wé&andida albican§134333) C. glabrata(031646),C.
tropicalis (1841),Saccharomyces cerevisi§E34528),C. parapsilopsigDMic 134410)
and C. krusei(DMic 134409). All the microorganisms were maintnin brain-heart
infusion containing 30% (v/v) glycerol at -20°C. fBee testing, the suspensions were
transferred to Yeast Medium Agar (malt extract Q.3féast extract 0.3%, peptone
0.5%, glucose 1%, agar 2%) and aerobically growB7aC during 24 h. Individual
colonies were isolated and suspended in 2 mL &foN&CI solution. The inocula were
prepared by adjusting the turbidity of the suspmm$o match the 0.5 McFarland scale
to achieve the adequate inoculum in each casec@&haumber was estimated using a
serial dilution technique according to the recomdaions of the M27-A3-S4 reference
document of CLSI, 2012 (Clinical and Laboratoryrislards Institute, 2012) for each
assay.

2.5.1.2. Checkerboard method

The microdilution checkerboard method is the teghei used most frequently to
assayed antimicrobial combinations vitro. MIC values of binary mixtures of
hydroalcoholic extracts of five plant species aga®andidawere determined (CLSI,
2012). The concentration used in the combinatioreérh extract ranged from 12.5 to
800 pg GAE/mL (Table 1), according to the MIC valygeviously reported for each
extract (Moreno 2018a, b, c). The inoculum (200 paytaining 0.5-2.5xOCFU/mL
was added to each well. Some wells were used ih pkte as control: sterility (no

inoculum added), microorganism viability (no extradded) and solvent effect (ethanol



60°). Plates were aerobically incubated at 37°QerAfncubation for 48 h, fungal
growth was evidenced by the presence of turbidity @ pellet on the well bottom. The
lowest concentration of extract without macroscalbycvisible growth was determined
as MIC values. The results of the combined effettthe extracts were categorized as
synergism, addition, indifference or antagonism.ohder to assess the activities of
combinations, fractional inhibitory concentratioRI¢) indices were calculated as
FICa+ FICs, where FIG and FIG are the minimum concentrations that inhibited the

fungi growth for samples A and B respectively:

FICa= MICA combination/MIG alone; FIG= MICg combination/MIG alone

The mean FIC index was calculated as FIC index= FIG-ICg, and the results were
interpreted as synergistis@.5), additive (>0.5 and1.0), indifferent (>1.0 and <4.0) or
antagonist effect4.0).

The mixtures that showed synergistic or additifectfagainst most of the strains were
selected for subsequent trials.

2.5.2. In vitro anti-inflammatory activity in cell-free systems

LOX activity was determined spectrophotometricalycording to Torres Carro et al.
(2017). The assays were performed with 50 pg/mleafh extract or binary herbal
mixture. The effect was determined by calculating percentage of inhibition of the
hydroperoxide production obtained from th®D (optical density) values at 234 nm
after 3 min of incubation. Naproxen (50 pg/mL) wagd as reference compound.
2.5.3. Antioxidant activity

For this study, different concentrations of eaclrast and of selected binary herbal

mixtures were assayed by antioxidant activity ilh ftee and cell systems.



2.5.3.1. ABTSfreeradical scavenging activity

The antioxidant capacity was estimated using tlohrtigue described by Re et al.
(1999). ABTS radical cation (ABTY was produced by reacting ABTS solution (7
mM) with ammonium persulfate (2.45 mM) and the mretwas maintained in dark at
room temperature for 12—-16 h. Different concentragiof each ethanolic extract or bi-
herbal mixture (1-25 pg/mL) were assayed. ABT®lution (absorbance of 0.7+0.02 at
734 nm) was added to different concentrations ehesample and mixed thoroughly.
Quercetin (0.5-5 pg/mL) and BHT (0.5-10 pg/mL) weraployed as positive controls.
The reactive mixture was allowed to stand at roemperature and absorbance was
recorded at 734 nm, 1 min and 6 min after initiaking. Dose—response curves were
made, and results were expressed in terms of ctatien of the extracts or bi-herbal
mixtures, in micrograms per milliliter (ug/mL), th&as necessary to scavenge 50% of
ABTS ™ (SGso) was determined.

2.5.3.2. Protection against oxidative hemolysis

The protection of oxidative hemolysis of RBC by ttiey extracts or binary herbal
mixtures (concentration range between 0.02 anqug/fL) was determined according
to Mendes et al. (2011), using AAPH solution. Tléenat of hemolysis was quantified
spectrophotometrically at 545 nm. Percentage hesiwolyas calculated and thesiC
values were determined as the concentration netedptect the RBC from oxidative
hemolysis in 50%. For the hemolysis control, eth&®3 was used as a solvent control
instead of the extracts. BHT and quercetin werel asereference compounds.

2.5.3.3. H,0, scavenging assay

The capacity of the dry extracts or binary herbaktuames to hydrogen peroxide
scavenge was measure according to Fernando anda S@@&L5) with some

modifications. The reaction mixture containing exts or bi-herbal mixtures (50-250



png/mL) and HO, was pre-incubated during 3 min at 37°C. Then,latiem of phenol
(12 mM) and 4-aminoantipyrine was added to the ti@aamixture. The amount of
hydrogen peroxide was spectrophotometrically datexthcatalyzing its conversion by
a horseradish peroxidase (HRP) in a colored quitiogiewas read at 504 nm. ThessC
values were determined as the concentration (pgimecessary to scavenge 50% of
H,0,. Quercetin and ascorbic acid were used as controls

2.5.3.4. Hydroxyl radical scavenging assay

The experiment was performed based on the deo)sgiblegradation assay developed
by Chobot (2010). The reaction mixture containettaets or bi-herbal mixtures (0.1-5
pg/mL) in KH,POy/KOH buffer (pH 7.4), 50 mL of 10.4 mM 2-deoxy-Chase, 50 mL
of 50 mM FeC4 and 50 mL of 52 mM EDTA. To start the Fenton reagt50 mL of 10
mM H,O, and 50 mL of 1.0 mM ascorbic acid were added. fHaetion mixture was
incubated 1 h at 37°C. Then, 500 mL of 2-thiobarit acid (1%, w/v) dissolved in
trichloroacetic acid (3%, w/v) was added. After rah at 100°C, the absorbance was
read at 532 nm. The hydroxyl radical scavenginyiggtwas expressed as §values
(ug/mL necessary to inhibit by 50% the degradatidn2-deoxy-D-ribose by the
hydroxyl radicals).

2.6. Mutagenic activity. The Ames test

The assays were performed according to Maron an@sA(t983), withSalmonella
typhimurium TA98 and TA100 strains using different concentnagi for individual
extracts and bi-herbal mixtures (until 500 pug pletg). Negative and positive controls
were used simultaneously in each experiment. Thatipe control was 4-nitro-o-
fenilendiamine (10 pl/plate, 1 mg/mL solution) fBA98 and TA100, and the negative
control was DMSO (100 ul/plate). The revertant ogds of each plate were counted

manually after 48 h of incubation at 37°C and th&agenicity relation (Hisrevertant



per plate/ Hi§ spontaneous revertant) was calculated. An extabi-herbal mixture
was considered mutagenic if the number of revestpat plate was more than twice the
number of colonies produced on the solvent conplates (spontaneous revertant
frequency) or the mutagenicity relatiog.

2.7. Statistical analysis

All assays were conducted at least three times thiée different sample preparations.
Each experimental value is expressed as the meamtestd deviation (S.D.). The
scientific statistic software InfoStat (Student $en, 2011) was used to evaluate the
significance of differences between groups. Conspas between groups were done

using a Student’s t-test. The criterion of statatsignificance was taken as®.05.

3. Results and discussion

Due to native people from highlands of Argentinathmeestern use jarillas and

afiaguaya extracts to solve mycosis, vaginal modardgfammatory process (Carabajal

et al., 2020), they were prepared from each speargs then were analyzed and
standarized according to their phytochemistry.rgvpus works were demonstrated the
antifungal, antioxidant and anti-inflammatory adtes of hydroalcoholic extracts of

these plants species (Moreno et al.,, 2018a, bJncheneral, the native people in

northwest of Argentina use mixtures of plant as icied. In the present work, the

antifungal activity of mixtures containing thesetragts as phytotherapic ingredients
was analized to know if its chemical componentsic¢aanteract between them to

enhance their biological activity.

3.1. Antifungal activity

Vulvovaginal candidiasis (VVC) is estimated to be second most common cause of

vaginitis. Up to 75% of women suffer this infectidaring their lifetime, and 5-8% of



adult women have recurrent candidiasis (das Neved.,e2008). This pathology is
associated with inflammatory and oxidative procegslas Neves et al., 2008; Delgado
Olivares et al., 2010). In recent years, resistaiocéraditional antifungal therapies
(azoles and polyenes) has increased, and it iskal®an to be highly toxic and present
many additional interactions and disorders. The lat availability of conventional
antifungals has led to search for alternatives aymatural products (Tangarife-Castafno
et al.,, 2011). These antifungal agents could bel e complementary therapy to
conventional antifungals or as source for the $eéoc new chemical structures with
antifungal potential.

In this sense, it is important to find products heilit resistance to the treatment of
Candidainfection and with anti-inflammatory and antioxidaactivities. Plant extracts
(a single extract or extracts combination) couldcbasidered as an alternative therapy
because they are multi-component drugs with a badbility for one or several targets
by different action mechanisms (Wagner and Ulrickrkénich, 2009). Therefore,
microorganisms are less likely to develop mechasisfresistance to phyto-extracts.
The MIC values were determined to each extrachealand in combination between
them, and the FIC index were calculated (Table The antifungal activity of the dry
extracts was assaydual vitro against 6 yeast strains obtained from vaginal etesdaf
patients with vaginal yeast infections. They inéddhree strains ddaccharomyces
cerevisiae three strains of. albicans three strains of. glabrataand one strain ot.
tropicalis (Table 1). Previously we reported tf&tcerevisia@andC. albicansand non-
albicans strains are azole-susceptible as flucdearoriconazole, itraconazole (85%)
or resistant (R) (15%). Thespecies were also susceptible to nystatin and ataptia

B (Moreno et al., 2018c).



The MIC values of each dry extract had been preshodetermined by the authors
(Moreno et al., 2018a, b, c). However, a new MI@daination was carried out using
several concentrations of plant extracts (12.5-80® GAE/mL) since these
determinations were necessary to calculate the iRtlex. The MIC values of the
individual extracts are shown in Table 2. The dxyracts were effective against the
assayed yeast strains in microdilution method. Adiog with the MIC values, Ep
and ELd and ELn could be considered strong antifungals in relateoalassification of
Tangarife-Castafio et al. (2011), while and Ta could be considered moderate
antifungalg(Table 2).

A synergist effect was observed with the combimatlzetweenZp/Lc againstC.
albicans C. glabrata and S. cerevisiaeand betweenZp/Ln and Zp/Ld againstC.
glabrata (FIC index= 0.5) An additive effect was observed with the combimatof
Zp/Lc againstC. tropicalisandZp/Ln againstC. albicansandC. tropicalis (FIC index>
0.5 in both cases). Some combinations revealedndiffdarent interaction, the FIC
indices varying from 1.0 to 2.5 (Table 1). The lessive mixture wada/Ln, which
showed indifferent effect against all the yeast¢et# (FIC between 1.1-2.2). The results
indicate that combinations betweZnpunctataandLarrea species are more efficient as
antifungal than betweeharrea species and betwedrarrea or Z. punctatawith T.
andina The best combination was betwegmandLc since it showed a synergistic or
additive effect against all the tested strains,cathg that the interaction between
chemical components contained in both plant spesissre efficient as an antifungal.
The increase in antimicrobial capacity when herbdracts are combined could be
explained by the mechanism through which severahdiive constituents of plants
affect various target sites and act cooperativaigugh synergy (Al-Bayati, 2008). This

strategy is called multi-target effects. This ag@to is not exclusive for extract



combinations, but also for combinations betweeividdal natural products or extracts
with chemotherapeutics or commercial antibioticerftdiswarya et al., 2008; Rodrigues
et al., 2009; Wagner and Ulrich-Merzenich, 2009).

Previously, Butassi et al. (2015, 2019) showed dh#&fungal synergistic effect of
combinations ofZ. punctataandL. nitida dichloromethane extracts agaitalbicans
and C. glabrata species, and Carabajal et al. (2019) demonstridtedantioxidant
activity of herbal teas combinations prepared fribi® aerial parts oZ. punctata L.
cuneifoliaandL. divaricata The evaluation of the therapeutic potential oféutine
native plants extracts could enhance the use af thehe treatment of several diseases,
especially when there is synergy between themhim work, theZp/Ln, Zp/Ld and
Zp/Lc mixtures were selected to continue the analysistdysynergistic or additive
antifungal activity and effect against greater nemaf strains. The proportions chosen
wereZp/Ln 1:1; Zp/Ld 1:1 andZp/Lc 1:4. In previous works, we demonstrated that the
chemical markers in these extracts are chalcongp and nordihidroguaiaretic acid in
Lc, LdandLn (Nuiio et al., 2014; Moreno et al., 2015a, b, 2018bg chalcones and
nordihidroguaiaretic acid are actives compoundsnagg@andida albicangNurio et al.,
2014, Moreno et al., 2015a, Aguero et al., 2011).

3.2. Chemical composition

3.2.1. Phytochemical screening

The extracts and bi-herbal mixtures were standeddiby chemical composition
analysis. The qualitative analysis of all cruderaots showed positive reaction for
triterpenoids/steroids, tannins and flavonoids. andina extract was also positive
saponins.

The main groups of phenolic compounds present Hmedbal mixtures4p/Ld, ZpLn

and ZpLc) were quantified. The obtained results were coegbavith the content of the



same compounds previously determined in each iddaliplant species that were used
to prepare the combinations (Moreno et al., 201Bigjure 3 shows that no significative
differences were observed in the content of totenplics, flavonoid phenolic, non-
flavonoid phenolic and flavones and flavanones betwthe bi-herbal mixtures and
each individual plant extract.

3.2.2. I dentification and quantification of phenolic compounds by HPLC-DAD

The mixtures of extracts were analysed by HPLC-DAIhe identity of each
component was determined according with visible &Bgorption spectra and retention
times compared to commercial standards. In theurast ofZ. punctataand Larrea
species, NDGA was determined in peak 1 and DHCeakp2. Table 3 shows the
content of each of them in the single extracts @nthe mixturesZp/Ld, ZpLn and
Zp/Lc. The content of NDGA iharrea species was higher Im thanLd andLc.

3.3. Anti-inflammatory activity

The traditional therapeutic approach toward inflaatony diseases focuses on targeting
specific steps of particular pathways. In this sertke complex composition of herbal
extract or herbal mixtures would be useful to ithéhfferent signaling pathways or to
inhibit one pathway at different levels to achieveore efficient treatment of complex
diseases such as vulvovaginitis, infection proesseciated to inflammatory pathology
(Wagner et al., 2011; Meirer et al., 2014). Thechidonic acid (AA) pathway is one of
the most important processes involved in the infletory response, with enzymes as
phospholipase 2 (sPLA cyclooxygenase (COX) and LOX, which lead to the
production of group inflammatory mediators. The tbepproach to deal with
inflammation would be to inhibit AA pathway at difent levels in a way that would
suppress the inflammatory response but at the game maintaining physiological

levels of mediators (Hwang et al., 2013). The maxBve extracts as antifungaldp(



Ld and Ln) inhibited the enzymes LOX of AA pathway. The ipitory activity of
binary combinations was in general higher thanlévels exhibited by the individual
plant species. All the combinations showed a lev@hhibition of leukotriene synthesis
similar or higher than those of the commercial-arftammatory drugs used as positive
controls (Table 4). In a previous report was désdithe effect of NDGA on LOX
(Blecha et al., 2007). Consequently, the anti-LQXvaty of bi-herbal mixtures could
be ascribed to nordihydroguiaretic acidLafrrea species. The inhibitory effect of DHC
isolated fromZ. punctataon COX-2 was previously reported (Alberto et 2007).
Consequently, it is expected that the herbal megurontainingZuccagnia punctata
also act at the level of COX-2 due to the preserfdeHC.

Our results show that the mixtures tested coulgpdtentially used to target the AA
pathway, thus achieving a more efficient controthed production of pro-inflammatory
mediators.

3.4. Antioxidant activity

Interactions between epithelial cells and yeastsginal infections promote the release
of free radicals and a local inflammatory respotisa results in mucosal damage
(Delgado Olivares et al., 2010; Fischer, 2012). fhts reason, a treatment with drugs
with multiple effects, antifungal, antioxidant, arahti-inflammatory can be more
effective. In this work, the antioxidant activity extracts and binary mixtures was
assayed in a free cell system and a cell systemTable 4, Sg and IG, values
obtained are showed.

In the ABTS test, it can be observed that the coatimns were more active than the
individual extractsZp/Ld was the most potent mixture with asp®alue slightly lower

than the other samples.



In the hydroxyl radical scavenging assay, no sigait differences were observed
between the individual extracts and the mixturesweler, in all cases, the potency was
considerably higher than the natural antioxidanérgetin used as a referendeis
important to highlight the low values of §®btained since the hydroxyl radical is one
of the most reactive radicals, which can cause dema biological membranes and
react with almost any type of molecule (San-Migared Martin-Gil, 2009).

In the AAPH assay, the most active samples wé&mkc, ZpLd, ZpLn and theZ.
punctataextract, being up to seven times more potent tharother assayed extradts.
addition, both the extracts and the mixtures sholer 1G, values than the quercetin
and BHT, demonstrating in all cases that they cqutitect the biological membranes
from oxidation in low concentrations.

The samples were less active tg0x scavenging and the potency of the mixtures was
similar to that of the individual extracts.

The antioxidant activity of the extracts and migsircould be attributed in part to the
nordihydroguaiaretic acid (Lee et al., 2003; Anesiral., 2004; Guzman-Beltran et al.,
2008) present iharrea extracts, and to the presenceZimccagnia punctataf 2, 4'-
dihidroxichalcone (Moran Vieyra et al., 2009; Nugtaal., 2014), pinocembrin (Vargas-
Sanchez et al., 2015) and catechin (Aree and Joggrangchok, 2016; Grzesik et al.,
2018), compounds with known antioxidant potency.

3.5. Mutagenicity test

The mutagenicity test using strains $&lmonella typhimuriunTA98 and TA100
indicated that, up to a concentration of 2&§/plate, the hydroalcoholic extracts of
Zp/lLd, Zp/Ln and Zp/Lc mixtures do not induce an increase in the numlder o
spontaneous revertants, showing in all cases MR @hble 5). At the concentration of

500 pg/plate, the effect against either of the two agaiould not be determined, given



that bacterial viability is affected at that conication, due to the antimicrobial activity
of the mixtures.
The results obtained would indicate that the setetinary mixtures are not genotoxic

at the concentrations tested, as well as the iddatiextracts used for their preparation.

4. Conclusions

In summary, the mixtures of plant extra@dp/Ln, Zp/Ld and Zp/Lc were the most
active, demonstrating synergistic antifungal effagainstCandida albicansand non-
albicansand Saccharomyces cerevisigiains. In addition, both extracts and mixtures
showed antioxidant activity at low concentratiomsd avere able to inhibit LOX, a
proinflammatory enzyme.

The results obtained would indicate that the exdréiadividual or combined) could be
a good alternative therapy for the treatment ofinagungal infections associated with
oxidative and inflammatory processes, howeireyjvo tests are necessary to determine
the effectiveness of their use. The mutagenic effiesence is a positive advance for

determination of safety use of this medicinal pspecies.
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Figure legends

Figure 1. Local selling regional products and dried herbs|uding jarillas species in

Amaicha del Valle.

Figure 2. Plant species. AJuccagnia punctat&av.; B)Tetraglochin andinaCiald. C)
Larrea divaricataCav.; D)Larrea cuneifoliaCav.; E)Larrea nitida Cav. The pictures
were obtained by the authors during samples calledn the places described in

Material and methods.



Figure 3. Content of phenolic compounds in individual extsaahd binary mixtures.
The values are presented as mean + standard devattitriplicates. The content of
flavones and flavanols is expressed in mg QE/g BMile the rest of the compounds is
expressed in mg GAE/g DW. Different letters in geme column for each species
indicated significant differences according to Thekey test (p< 0.05). The error bars

represent the standard error of the mean.



Table 1. FIC index of combined dry extracts on yed<linical isolates from vaginal infections in humas.

Lc/zZp Lc/Ta Lc/Ln Lc/Ld Zp/Ta ZplLn Ld/izp Ld/Ln Ta/Ld TalLn
C. albicans 100/25* | 25/800 | 50/200 | 200/100| 25/100 50/50 200/6.25 | 25/25 50/200 | 50/200
(0.500F | (2.062) | (2.125) | (1.500) | (0.500F | (1.000} (2.062) (0.500§ | (2.125) | (2.125)
C. glabrata 100/12.5| 100/25 | 100/25 | 50/25 | 12.5/100| 12.5/12.5| 12.5/12.5| 12.5/25 | 50/100 | 50/100
(0.500F | (0.312F | (0.750§ | (0.625} | (0.500F | (0.500f% (0.500F | (0.750} | (2.125) | (2.125)
C. tropicalis 200/25 | 200/50 | 25/50 | 200/200| 100/25 50/12.5 50/50 100/12.5| 12.5/50 | 50/200

(0.750f | (0.625} | (0.562f | (2.500) | (1.062) | (0.625f | (1.000f | (1.125) | (0.531} | (2.125)

S. cerevisiae 25/12.5 | 25/400 | 25/12.5| 12.5/25| 50/12.5 | 12.5/12.5| 25/125 | 25/125| 25/25 25/50

(0.500§ | (1.250) | (0.500f | (0.625f | (1.031) | (0.500§ | (0.750} | (0.750} | (0.562} | (1.062}

ATCC 100/50 | 400/25 | 25/50 | 25/50 | 100/12.5| 25/25 50/25 25/50 | 25/100 | 25/100
C. parapsilosis | (0.750f | (1.062) | (0.562f | (0.562} | (1.031) | (0.500f | (0.750} | (0.750} | (1.062) | (1.062)
ATCC 12.5/25 | 200/25 | 50/50 | 25/125| 50/125 | 50/25 | 25/125 | 50/25 | 25/25 | 200/12.5
C. krusei (0.625} | (2.250) | (1.500f | (0.500% | (1.125) | (1.500j | (0.750} | (1.500) | (0.750} | (2.250}

*ug GAE/mL of each extract in the combination. FI@dn values are shown in parenthe3&ynergistic effect{ 0.5);” Additive effect (> 0.5 and 1); © Indifferent effect (> 1 and < 4).
Zp: Zuccagnia punctata; Ta: Tetraglochin andina; :Ld  Larrea divaricata; Lc Larrea cuneifolia Ln: Larrea nitida.



Table 2. Effect of individual extracts on different yeast strains isolated from
vaginal infections.

Yeast Strain | Collection Phenotype of MIC (ug GAE/mL)
number clinical isolates

Zp Ta Ld Ln Lc
C. albicans 134333 Flu® Am° Ny> 100 400 100 100 | 400
C. glabrata 042030 Flu®, Am" Ny® 50 400 50 50 400
C. tropicalis 1841 Flu®, Am-Ny° 100 400 100 100 | 400
S. cerevisiae 134544 Flu:,AmzNyz 50 400 50 50 100
ATCC C.. 134410 Flu®,Am>Ny 100 400 100 100 | 400
parapsilosis e
/leru(;;: C. 134409 FIu®, Am°Ny 50 100 g0 50 100

MIC values represent growth inhibition compared hwitontrol growth. Flu: fluconazole; Am:
amphotericin B; Ny: nystatin. R: resistant; S: $#es Zp: Zuccagnia punctata; Ta: Tetraglochin andina;:Ld
Larrea divaricata; Ln Larrea nitida; Lc Larrea cuneifolia



Table 3. Quantification of chemical markers in extacts of Larrea divaricata,
Larrea cuneifolia, Larrea nitida, Zuccagnia punctata and in combined extracts.

Sample NDGA DHC
pg/mg DW | pg/mg DW
E-Zp - 40.13:0.10
E-Ld 134.320.10 -
E-Ln 268.120.10 -
E-Lc 158.690.05 -
M-Zp/Ld (1:1) 62.84t0.05 | 20.2%0.50
M-Zp/Ln (1:1) | 143.030.03| 22.44t0.10
M-Zp/Lc (1:4) 204.6%0.02| 18.1%£0.50

E: Extract; M: Mixture;Zp: Zuccagnia punctata; LdLarrea divaricata; Ln Larrea nitida; Lc Larrea cuneifolia

DW: dry weight. Values are reported as mean = stathdeviation of triplicates.




Table 4. Antioxidant activities of dry extracts, canbinations and commercial
reference drugs.

Sample SGo SCso"OH SCsoH,0, IC 50 AnpH LOX
ABTS™ (ug (ug DW/mL) (g (% inhibition)
(ng DW/mL) DW/mL) DW/mL)
E-Zp 9.13+0.56 | 0.98+0.08 | 184.84+15.20| 0.14+0.0% | 95.25+4.28
E-Ld 6.72+¢0.20 | 1.18x0.10 | 175.02+14.50| 0.55+0.05 | 94.41+3.48
E-Ln 12.14+0.68 | 1.11+0.07 | 192.12+14.00| 0.56+0.02 | 94.17+3.28
E-Lc 10.29+0.50 | 1.73+0.10 | 191.81+13.0b| 0.30%0.02 53.37+2.70
M-Zp/Ld | 3.81+0.26 | 1.28+0.16 | 186.70+15.50| 0.100+0.008 | 99.5+4.50
M-Zp/Ln | 5.11+0.26 | 0.89+0.08 | 182.82+12.60| 0.078+0.002 | 99.3+4.30
M-Zp/Lc | 4.91#0.27 | 1.46+0.1% | 173.16+13.20| 0.08+0.0% | 97.92+5.18
Quercetin | 1.41+0.08 | 30.00+2.00 | 38.00+3.26 | 0.90+0.08
BHT 3.52+0.26 - - 1.20+0.16
95.00+2.80

E: Extract; M: Mixture;Zp: Zuccagnia punctatalLd: Larrea divaricatg Ln: Larrea nitidg Lc: Larrea cuneifolia

DW: dry weight; BHT: butylatedhydroxytoluene.
*LOX inhibition percentage with 50ug/mL of extramt herbal mixtures.

Values are reported as mean + standard deviatidriptitates. Different letters in the same colufon each plant
species indicated significant differences accordingukey's test< 0.05).




Table 5. Results obtained in the mutagenic activity evaluatin assay againstS.
Typhimurium TA98 and TA100 strains.

TA98 T100 MR MR

Samples | pg GAE/ | (-) S9 (-)S9 | TA98 | TA 100
plate Number of revertants MR

M Zp/Ld 500 ND ND ND ND
250 40+0 128+14 1.17 1.16
125 4315 13614 1.26 1.24

M Zp/Ln 500 ND ND ND ND
250 34+3 123412 1 1.12
125 35+3 139+19 1.03 1.26

M Zpl/Lc 500 ND ND ND ND
250 3242 129+21 0.94 1.17
125 35+3 128426 1.03 1.16

Positive 1222+109| 723+171

control*

Negative 3412 110+16

control?

* MR: mutagenicity relation; ND: not determined. Beeconcentrations affect the viability of tBalmonellastrains.
Mean number of revertants induced by 4-nitro-o-gtesrdiamine (10ug/plate). °The number of spontaneous
revertant colonies (means+SD) determined withoatatidition of the samples, only with the vehicl&é$0. Zp:
Zuccagnia punctata; Ld_arrea divaricata; Lc¢ Larrea cuneifolia Ln: Larrea nitida



Figure 1. Local selling regional products and dried herbsluding “jarillas” species in

Amaicha del Valle.




Figure 2. Plant species. AJuccagnia punctata Cav.; B) Tetraglochin andina Ciald. C)
Larrea divaricata Cav.; D)Larrea cuneifolia Cav.; E)Larrea nitida Cav. The pictures

were obtained by the authors during sample coliacin the places described in

Materials and methods.




Figure 3. Content of phenolic compounds in indialdextracts and binary mixtures. E:
Extract; M: Mixture. The values are presented asaime standard deviation of
triplicates. The content of flavones and flavanslexpressed in mg QE/g DW, while
the rest of the compounds is expressed in mg GARYg Different letters in the same
column for each species indicated significant défees according to Tukey's test<{p

0.05). The error bars represent the standard efiitbie mean.
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Highlights

1. Plant species of Argentine highlands are used as antifungal in popular medicine

2. Extracts were effective against yeast strainsisolated from vaginal infections

3. Bi-herba mixtures showed synergistic or additive antifungal effect

4. Extracts and bi-herbal mixtures showed antioxidant and anti-inflammatory
activity

5. Extracts and bi-herbal mixtures were standardized by chemical composition



