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Antifungal lignans from the creosotebush (Larrea tridentata)
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Abstract

Aspergillus flavusandAspergillus parasiticusare preharvest pathogens of several important food crops, including maize.
Both fungi produce aflatoxins, which are a potent hepatotoxin and carcinogen. The growth ofA. flavusandA. parasiticusand
subsequent aflatoxins contamination are sometime unavoidable, when the grains are grown under stressful conditions such
as drought. The ideal control approach is prevention of fungus growth in the field. The objectives of this study were: (a) to
evaluate the antifungal properties ofLarrea tridentataextract againstA. flavusandA. parasiticus; (b) to isolate and to identify
the antifungal constituents fromL. tridentata. Assay-guided chromatography of theLarrea tridentataextracts resulted in the
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isolation of two naturally occurring lignans, methyl-nordihydroguaiaretic acid (methyl-NDGA) and nordihydroguaiareti
(NDGA). Their chemical structures were identified by comparison of their physical and spectroscopic data (mp,1H NMR, 13C
NMR, and MS). The antifungal activity of the lignans was evaluated by radial growth inhibition assay againstA. flavusandA.
parasiticus. Methyl-NDGA was very effective in inhibiting mycelial growth of both fungi at 300�g/ml, whereas 500�g/ml of
NDGA was necessary to completely inhibit the growth of the fungi. These compounds may have a biopesticidal pote
control agents for the aflatoxin fungi.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Larrea tridentata; Antifungal activity; Biopesticides;Aspergillus flavus; Aspergillus parasiticus

∗ Corresponding author. Tel.: +52 662 289 2400;
fax: +52 662 280 0058.

E-mail address:iris@cascabel.ciad.mx (I. Vargas-Arispuro).

1. Introduction

Preharvest contamination of corn (ZeamaysL.) with
aflatoxin, which are carcinogenic fungal seconda
metabolites produced byA. flavusLink andA. parasiti-
cusSpeare, is a recurrent problem occurring in nor
west Mexico and worldwide (Cleveland and Bhatnagar
0926-6690/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.indcrop.2004.06.003
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1992). Aflatoxins are recognized as potential human
health hazard (Goldblatt, 1969). These compounds can
cause mortality or reduced productivity in farm ani-
mals (Smith, 1985) and have been associated with in-
creased incidence of liver cancer in humans (Hsieh,
1989; Cleveland and Bhatnagar, 1992).

Maize is an important crop in the grain and livestock
economy of northwest Ḿexico. The actual loss of grain
yield due to these fungi is minimal, but fungal toxin
contamination reduces the value of grain in both na-
tional and international markets (Nichols, 1983). Afla-
toxins contamination has been treated as a post-harvest
storage problem untilA. flavusandA. parasiticuswere
found growing and producing aflatoxins in developing
corn ears in the field (Anderson et al., 1975). Posthar-
vest elimination of aflatoxins from corn kernels is not
economically feasible (Lillehoj and Wall, 1987; Huang
et al., 1997), and thus, research efforts are focused on
control strategies, that prevent preharvest contamina-
tion. Among these strategies one is to develop fungi-
cides from natural bioactive compounds for the effec-
tive control of aflatoxins in the field (Duvick et al.,
1992; Huynh et al., 1992).

The objectives of this study were to evaluate and to
identify the antifungal properties ofLarrea tridentata
extract againstA. flavusandA. parasiticusas part of our
project focused on the search for biopesticides agents
from plant extracts.
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2.3. Extraction and isolation of the antifungal
compound

Five hundred grams of both leaves and stems ofL.
tridentata were extracted by maceration in 1 l 70%
ethanol (EtOH) and the slurry stored at room tem-
perature for 7 days in darkness. Plant crude extracts
were evaporated to dryness under reduced pressure
and weighed (23 g). Dried plant crude extract (13 g)
was suspended in water and partitioned with ethyl
ether (Etet), ethyl acetate (EtOAc) andn-butanol (Bt).
Each extract was concentrated in vacuum and weighed.
The three type of extracts were evaluated for anti-
fungal activity. The EtOAc extract (6.5 g) of leaves
of L. tridentatawas chromatographed on silica gel
60 (300 g) [particle size 0.3–0.63 mm (Merck, Darm-
stories, Germany)] and eluted with increasing polari-
ties of chloroform:acetone (90:10 to 50:50, v/v) mix-
tures. The elution was monitored by thin layer chro-
matography (TLC) and antifungal assay. The fraction
eluting with the chloroform:acetone (90:10 between
900 and 1250 ml) gave a fraction of 3.6 g with an-
tifungal activity. This fraction was purified by high-
performance liquid chromatography (HPLC, Waters
600E; Milford, USA) at 254 nm with a photodiode ar-
ray detector HP-1100 (Hewlett-Packard). The column
used was Lichrosphere ODS-C18 (10 mm× 250 mm,
5�m, Merck) at room temperature. HPLC separa-
tions were done with a linear polarity gradient of wa-
ter:methanol:acetonitrile (80:20:0 to 5:15:80, v/v) at a
fl ol-
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.1. Plant materials

Leaves and stems ofLarrea tridentatawere col-
ected from native populations of the Sonoran De
nd sun-dried for several weeks. A voucher speci
as deposited at the Herbarium of DICTUS, Unive
ad de Sonora (Mexico).

.2. Fungal cultures

A. flavusLink (NRRL 55210) andA. parasiticus
peare (NRRL 2999), were isolated from corn. T
ere grown on a potato dextrose agar (PDA, Di
aboratories, Detroit, MI) in the dark at 28◦C for 7
ays and stored as stock cultures in sterile minera
t−4◦C.
ow rate of 2 ml/min, for 130 min. Peaks were c
ected using a Gilson (Gilson Medical Electron

iddleton, WI) fraction collector, and then conce
rated under reduced pressure and weighed. The
ompound was stored in the freezer (−20◦C) for an-
ifungal assay and spectral analysis. The compo
as identified by comparison of their spectral d

UV, MS, 1H NMR, 13C NMR) with those shown i
he literature (Doḿınguez, 1975; Konno et al., 198
nabre et al., 1996).

.4. Structure elucidation of antifungal compound

Nuclear magnetic resonance (NMR) spectra of
ure lignans was recorded on a Varian Unity-400 M
Varian Instrument, Germany).1H NMR and13C NMR
pectra were recorded in CDCl3. Chemical shifts ar
iven inδ values (ppm) relative to the internal standa
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trimethylsilane. The mass spectral analyses (MS) were
carried out on a HP-5988A quadrupole spectrometer,
with electron impact at 70 eV by direct introduction
of a small amount of product. The melting point of
NDGA was obtained on a Melt-Temp Electrothermal
1001 (Lab-Tech, Mexico).

2.5. Antifungal assay

The effects of plant crude extracts, separates gener-
ated by fractionation, and pure compounds on colony
growth of A. flavusand A. parasiticuswere evalu-
ated according to the procedure described byVargas-
Arispuro et al. (1999). Plant crude extracts and por-
tions obtained from chromatographic separation were
dissolved in 50�l of acetone-water (50:50, v/v), pure
compounds were dissolved in 25�l. These solutions
were then incorporated into 5 ml of PDA media at final
concentrations of 500�g/ml for crude extracts, 100,
50�g/ml or collected fractions and 25�g/ml for pure
compounds. Three plates of solid PDA media contain-
ing the fractions or pure compounds at the specified
concentrations were centrally point-inoculated with
spores from 7-day-old cultures ofA. flavusandA. par-
asiticus. Two control plates were included as blanks
that contained 25 or 50�l of solvent without extracted
the compounds. Cultures were incubated in the dark at
28◦C. The colony diameter was measured daily. The
percentage of growth inhibition was obtained by com-
paring the experimental with the control, which was
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Table 1
Antifungal activity of stems and leaves crude extracts fromLarrea
tridentataat 500�g/ml againstA. flavusandA. parasiticus

Mycelial growth inhibition (%)
Stems Leaves

A. flavus 56.11 86.5
A. parasiticus 53.37 68.7

activity of L. tridentata crude extracts had been re-
ported byHurtado et al. (1979).

3.2. Assay-guided fractionation of crude extract of
leaves

The EtOAc extract (6.5 g) of crude extract of leaves
prepared by solvent partition retained antifungal activ-
ity that inhibited the growth of both test fungi. Etet,
Bt, and water fractions showed no antifungal activity
against the evaluated fungi (data not shown). Based on
this result, EtOAc extract was fractionated on column
chromatography. The antifungal effects of the eight
fractions that were eluted using chloroform:acetone
(90:10, v/v) againstA. flavusandA. parasiticusare
listed inTable 2. Fraction number 4 showed the highest
antifungal activity against both test fungi, and thus, the
HPLC was selected to purify antifungal compounds.

The results of the analytic reverse phase HPLC sep-
aration of antifungal fraction are presented inFig. 1.
Fraction (F4/3) eluted in water:methanol:acetonitrile
(40:35:25, v/v) and 78–92 min of retention time, re-
tained antifungal activity, which was further purified
following the HPLC separation.

Two pure compounds were isolated from antifun-
gal fraction (F4/3) using fractionated crystallization
with methanol:water system. One of them was isolated
as yellow needles with 183.5–186◦C melting point,
whereas the other compound separated as brown nee-
dles.
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onsidered to be 100% growth. The mean colony
meter and standard deviation (S.D.) of the mean va
ere calculated. Experimental set was run in triplic

. Results

.1. Fungitoxic activity of crude extracts

Crude extracts from the leaves and stems ofL. tri-
entatashowed moderate (between 50 and 90%) a

ungal activity at 500�g/ml (Table 1). The crude ex
ract from the leaf exhibited more fungitoxicity agai
oth fungi than the crude stem extract. This result
ests that the antifungal compounds are more con

rated in the leaves than the stems or that antifu
ompounds in leaves have a higher toxicity poten
gainstA. flavusandA. parasiticus. Similar fungitoxic
.3. Structural identification

The structural identification of compounds was
ied out by MS,1H NMR, and13C NMR. Spectroscop
attern of lignans has been reported by different au
Doḿınguez, 1975; Konno et al., 1989; Gnabre et
996), and these characteristic patterns provide a

ul diagnostic tool to elucidate the structural specifi
f lignans. By comparing our data with those repo
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Table 2
Antifungal effect of fractions generated by fractionation of EtOAc extract on silica gel-60 againstA. flavusandA. parasiticusat 300�g/ml

Fraction (number) Colony diametera (cm) Inhibitionb (%)

A. flavus A. parasiticus A. flavus A. parasiticus

1 5.0± 0.1 5.0± 0.4 0 0
2 3.75± 0.05 4.1± 1.1 28 19
3 4.0± 0.2 4.28± 0.6 22 14
4 0.71± 0.04 1.75± 0.1 86 65
5 3.76± 0.4 3.06± 0.09 25 36
6 3.90± 0.09 4.1± 0.1 22 19
7 4.25± 0.1 5.0± 0.9 16 0
8 5.0± 0.05 5.0± 0.7 0 0

Control 5.0± 0.02 5.0± 0.03 0 0

a Mean values of three replicated of colony diameter± S.D.
b Percentage of colony growth inhibition respective to the control (100% of growth with no extract added).

in the literature, we identified two structurally related
lignans. The compound isolated as yellow needles was
identified as nordihydroguaiaretic acid (NDGA), 1,4-
bis(3-4-dihydroxiphenyl)-2,3-dimethylbutane; and the
compound isolated as brown needles was identified as
3′ methyl nordihydroguaiaretic acid (methyl-NDGA)
(Perry et al., 1972; Hwu et al., 1998).

3.4. Antifungal activity

The in vitro antifungal effect of pure lignans against
A. flavusandA. parasiticuswas shown inFig. 2. As the
concentration of lignan increased, colony diameter de-
creased for NDGA. At 300 and 500�g/ml, the NDGA

F phy (HP iprepar-
a lvent s

gave 81.92 and 100% inhibition of growth against
A. flavusand 82.17 and 100% againstA. parasiticus.
Because we had a low recovery of methyl-NDGA,
it was evaluated at a concentration of 300�g/ml.
At this concentration, methyl-NDGA completely
inhibited growth of both the test fungi. The NDGA and
the methyl-NDGA had the same level of antifungal
activity over the initial 48 h of incubation, but after that
incubation time, methyl-NDGA had a major inhibition
effect on fungal growth. Our data show that the most
promising antifungal agent for the control ofA. flavus
andA. parasiticuswas methyl-NDGA, as judged by
its consistency in completely inhibiting the growth of
fungi.
ig. 1. Chromatogram of high-performance liquid chromatogra
tive column Licosphere ODS-C18; photodiode array detector; so
LC) of EtOAc antifungal fraction. Experimental conditions: sem
ystem water:methanol:acetonitrile; flow rate 2 ml/min.
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Fig. 2. Effects of NDGA and methyl-NDGA on in vitro mycelia growth ofA. flavus(A and C) andA. parasiticus(B and D). Values shown are
the means of three experiments± S.D.

4. Discussion

Preharvest corn grain colonization byA. flavusand
A. parasiticus, and subsequent aflatoxin contamination
is a serious problem that negatively affects humans
and animals health (Guo et al., 1998). Several attempts
to identify inhibitory compounds have been made to
control aflatoxins biosynthesis and fungal growth of
aflatoxigenic fungi. The purpose of using these com-
pounds in the field was to control aflatoxin contamina-
tion (Duvick et al., 1992; Neucere et al., 1995; Huang
et al., 1997). Norton (1995)reported nonpolar com-
pounds from corn kernels to be inhibitory to aflatoxin
accumulation and fungal growth, andDuvick et al.
(1992)identified small basic peptides from corn kernels
with novel antimicrobial activities. Also,Nagarajan
and Bhat (1972)found that the extract from opaque-2
corn line almost completely inhibited aflatoxins forma-
tion. However, no further results have been reported on
the isolation and characterization of these active com-
pounds.

We report here the isolation of NDGA and methyl-
NDGA from leaf extract ofL. tridentata. Both com-
pounds inhibit fungal growth ofA. flavusandA. para-
siticus. Our data indicate that methyl-NDGA is a more

potent antifungal agent than NDGA. Lignans exhibit a
wide range of biological properties including antimi-
crobial, antitumorigenic, antiviral activities, and inhi-
bition of many enzymes systems (Ayres and Loike,
1990; Gnabre et al., 1996). The antifungal mechanism
of lignans has not been clearly demonstrated. How-
ever, some authors concluded that a biologically active
compound such as a fungicide must first diffuse from
the site of application to the site of action where it can
exert its toxicity (Laks and Pruner, 1989; Hwu et al.,
1998). Overton’s rule indicates that the permeability of
a compound is roughly proportional to its lipid solubil-
ity (Petty, 1993). A molecular mechanism of action of
methyl-NDGA against HIV virus has been elucidated
by Gnabre et al. (1995). The lignan interferes with the
binding of the Sp1 protein to Sp1 site in HIV-LTR pro-
moter that leads to a blockade of the HIV transcription
mechanism, and thus, the suppression of HIV replica-
tion. Our results show that the methylated-NDGA, the
most lipophilic compound, inhibited the fungal growth
of both test fungi at lower concentrations than the
hydrophilic NDGA. This result agrees with these re-
ported byCraigo et al. (2000)andChen et al. (1998).
They found that the lipophilic-NDGA derivatives were
much more active in inhibiting human papillomavirus
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and herpes simplex virus than the hydrophilic struc-
ture. Results from some of toxicity studies in humans
and mice support the nontoxicity nature of this class
of compounds at 300 mg/kg (Chen et al., 1998; Heron
and Yarnell, 2001). Lignans with methylated catecholic
hydroxyl groups, such as methyl-NDGA, can be pro-
duced in large quantities at a low cost (Hwu et al.,
1998). This indicates that this agent may well be used
as an agricultural fungicide with a reasonable safety
margin to inhibitA. flavusandA. parasiticus.
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