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SHORT COMMUNICATION
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native plants of northwest Argentina: isolation,
identification and potential for control of
Aspergillus species
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Baroutib, Marina Kritsanidab, Rapha€el Grougnetb, Marta A. Vattuonea and
Diego A. Sampietroa

aLABIFITO, Facultad de Bioqu�ımica, Qu�ımica y Farmacia, Universidad Nacional de Tucum�an, San
Miguel de Tucum�an, Argentina; bLaboratoire de Pharmacognosie, Universit�e de Paris Descartes,
Sorbonne Paris Cit�e, Facult�e de Pharmacie de Paris, UMR-CNRS 8638 COMETE, Paris, France; cGilson
Purification SAS, Saint-Av�e, France

ABSTRACT
Extracts from aerial parts of Prosopis ruscifolia, Bidens pilosa,
Cercidium praecox and Phoradendron liga were assayed against
toxigenic Aspergillus species. They were obtained by sequential
extraction of the aerial parts with hexane (fHex), dichloromethane
(fDCM), ethyl acetate (fEtOAc) and methanol (fMeOH). The fMeOH
from P. ruscifolia showed the highest antifungal spectrum (MIC ¼
750–1500mg mL�1; MID ¼ 50–200mg; DI ¼ 1.7–3.0mm).
Indolizidine alkaloids (juliflorine and juliprosine) and tryptamine
were identified with strong (MIC ¼ 188mg mL�1) and moderate
antifungal activities (MIC ¼ 750mg mL�1), respectively, towards A.
parasiticus and A. flavus. The fMeOH, the indolizidine alkaloids
and tryptamine synergized the fungitoxic effect of potassium sor-
bate and propiconazole. They completely suppressed the biosyn-
thesis of aflatoxins at concentrations of 47, 94 and 375mg mL�1,
respectively. Our results indicate that fMeOH and its identified
alkaloids are promisory additives of commercial antifungals and
are antiaflatoxigenic agents at concentrations below of those
required for complete suppression of fungal growth.
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1. Introduction

Aspergillus flavus, A. parasiticus and A. nomius contaminate stored commodities with
aflatoxins (Plumridge et al. 2004). The intake of low levels of these mycotoxins gener-
ates mutagenic, teratogenic and carcinogenic effects on humans and the livestock
(Bueno et al. 2011). Several public institutions have established maximum permissible
contents of aflatoxins in food commodities. These contents can be overpassed in years
of Aspergillus outbreaks restricting the exportation of Argentinian commodities and
increasing the mycotoxigenic risk (Bueno et al. 2011). Commercial antifungals are used
against the Aspergillus species. However, several fungicides (i.e. azole compounds)
increase aflatoxin accumulation at the sublethal doses often occurring in the field and
damage non-target organisms (Bluma et al. 2008). Food preservatives (i.e. potassium
sorbate) are fungistatic, can change organoleptic properties and also promote afla-
toxin contamination at non-inhibitory concentrations (Bueno et al. 2011). Plant extracts
or their antifungal principles alone or in combination with commercial antifungals
against the Aspergillus species could overcome these problems. This work reports for
the first time the antifungal activity of some plants native from northwest Argentina
against Aspergillus species. The main antifungal constituents of the most bioactive
extract showed novel synergic interactions with commercial antifungals and antiafla-
toxigenic activity.

2. Results and discussion

Aerial parts of P. ruscifolia yielded the highest contents of dry matter after extraction
with hexane (8.0%), dichloromethane (4.1%), ethyl acetate (6.4%) and methanol
(11.3%) (Table S1). Dot blot and microdilution assays showed that the methanolic
extract of P. ruscifolia had the broadest antifungal activity with MIC = 1500–750 mg
mL�1 and MID values of 50 mg on A. niger and 200 mg on the remaining Aspergillus
strains. Polar compounds likely have a pivotal role in the defense mechanisms of
Prosopis species against fungi. Seed methanolic extracts of P. alpataco and P. denudans
showed MID values of 100 mg on Cladosporium cucumerinum (Mazzuca et al. 2003).
Methanolic leaf extract of P. juliflora completely suppressed the growth of a banana
pathogen (Colletotrichum musae) by the disc diffusion method (1000 mg dry matter
disc�1), 70–89% the growth of seed born pathogens (Aspergillus candidus, A. columna-
ris, A. flavipes, A. flavus, A. fumigatus, A. niger, A. ochraceus and A. tamarii) at 3000mg
dry matter mL�1 in microdilution assays, and 40% the growth of the tobacco patho-
gen Alternaria alternata at 500 mg dry matter mL�1 (Raghavendra and Raveesha 2009).
TLC analyses and bioautographies of the methanol extract of P. ruscifolia indicated
inhibition of fungal growth at relation-to-front values of 0.75 (B1), 0.69 (B2) and 0.52
(B3) on all the Aspergillus strains (Figure S1). Pools Pp1, Pp2 and Pp3 showing antifun-
gal activity in dot blot assays were isolated from B1, B2 and B3, respectively (Figure
S2). 1H NMR spectra indicated the presence, in a high degree of purity, of tryptamine
in Pp1 and the indolizidine alkaloids juliflorine and juliprosine in Pp2 and Pp3, respect-
ively (Figure S2). Microdilution assays (Table S3) indicated a strong, moderate and
weak antifungal activity on A. flavus and A. parasiticus for the indolizidine alkaloids
(MIC = 188 mg mL�1), tryptamine (MIC = 750 mg mL�1) and the methanolic extract
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(MIC = 1500mg mL�1), respectively (Sartoratto et al. 2004). Dot blot bioassays (Figure
S3) showed MID values of 50 mg (fMeOH on A. parasiticus; tryptamine on A. flavus),
100 mg (juliflorine and juliprosine on both Aspergillus strains) and 250 mg (tryptamine
on A. niger; methanolic extract on A. flavus). The commercial fungicide propiconazole
was several folds more active on the Aspergillus strains than fMeOH and its alkaloids.
Nevertheless, the brine shrimp assay indicated that propiconazole was more toxic than
juliflorine, juliprosine and tryptamine while fMeOH was not toxic (Table S4). The select-
ivity index, which is a measure of how specific is the toxicity of an antifungal com-
pound (Bueno et al. 2011), showed that fMeOH and tryptamine should be fungitoxic
(LC50/MIC < 1) while the indolizidine alkaloids and propiconazole should be also haz-
ardous to other organisms (LC50/MIC > 1). Table S5 shows that the alkaloids potenti-
ated (synergized) the mechanisms of action of propiconazole (FICI = 0.17–0.37) and
potassium sorbate (FICI = 0.31–0.41). However, the reasons of these joint effects are
hard to unravel. Sorbates accumulate in the cytosol of the fungal cells and generate a
disbalance in cellular homeostasis with inactivation of several endogenous enzymes
(Plumridge et al. 2004) while azole fungicides inhibit ergosterol biosynthesis (Bueno
et al. 2011). In the case of the identified alkaloids, they are amphoteric compounds
which likely interact with membrane-embedded proteins. Juliflorine blocked calcium
channels when added to rabbit jejunum preparations (Soreq and Seidman 2001).
Blocking of calcium channels inhibited aflatoxin biosynthesis in A. parasiticus (Praveen
Rao and Subramanyan,1999) and could be the reason of the antiaflatoxigenic activity
(Table S6) observed at a one-half concentration of the MIC for the alkaloids (94mg
mL�1, juliflorine and juliprosine; 375 mg mL�1, tryptamine).

3. Conclusions

A screening of extracts from four native species of northwest Argentina (P. ruscifolia, B.
pilosa, C. praecox and P. liga) was performed for antifungal activity against foodstuff
spoilage Aspergillus strains. The methanolic leaf extract of P. ruscifolia was the most
active. Tryptamine and indolizidine alkaloids (juliflorine and juliprosine) were isolated
and identified as the main antifungals involved. The methanolic extract and its identi-
fied alkaloids were antiaflatoxigenic agents at subinhibitory concentrations of fungal
growth and could be used as synergic additives of the xenobiotics currently applied in
the chemical control of toxigenic Aspergillus species.
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