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The  aim  of this  study  was  to  evaluate  the  effectiveness  of organic  extracts  and  isolated  compounds  of the
medicinal  plant  Larrea  divaricata  Cav.  against  phytopathogenic  fungi.  Chloroformic  extract  showed  the
highest antifungal  activity  and  three  compounds  were  identified  in this  extract:  Apigenine-7-methylether
(1),  nordihydroguaiaretic  acid (2)  and  3,4′-dihydroxy-3′,4-dimethoxy-6,7′-cyclolignan  (3).  Compound  3
eywords:
ntifungal activity
hemical constituents
arrea divaricata
rganic extracts

is  described  for the first  time  in  the  species  and  exhibited  strong  antifungal  activity  in vitro  (Fusarium
graminearum  MIC =  15.6  �g/mL)  and in  vivo  producing  decreasing  disease  on  glasshouse-grown  wheat
plants  reducing  damping-off  (14%  in  pre  emergency)  and  Severity  Index  from  2.6  upto  1.1.  In  this  study
it  is  clear  that  the  application  of  botanical  products  from  L. divaricata  can be  effective  in the management
of  seedling  blight  and  crown  rot  of wheat.
hytopathogenic fungi

. Introduction

The fungal pathogen Fusarium graminearum causes the most
conomically important diseases of wheat worldwide (Reynoso
t al., 2011). It is associated with the cereal damping-off complex,
hich causes loss of germinability, reduced emergence, and post

mergence blight of seedlings, also in adult plants is the main causal
gent of Fusarium Head Blight. The main strategy for the damage
t the first development stages of the plants is the use of chemical
reatments. However, it has led to accumulation of toxic residues
n foodstuffs as well as an increment in environmental pollution
nd phytotoxicity. Therefore, the search for new strategies of bio-
ontrol to inhibit the growth of phytopathogenic microorganisms
as gained importance (Dal Bello et al., 2002).

The importance of natural products from plants and their
nalogs in controlling different plant pathogens is well known. In
his sense Larrea divaricata Cav. (Zygophyllacea) “jarilla” a peren-
ial woody shrub with a wide distribution in Argentina and has long
een used for its medicinal and aromatic properties. It is frequently

sed in traditional medicine as anti-inflammatory, antirheumatic,
ebrifuge, as a pest control agent and is a plant with reports of
raditional antifungal use (Goleniowski et al., 2006; Svetaz et al.,
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2010). Recently, the water extract of L. divaricata was  found to
decrease proliferation and induced apoptosis of lymphoma cell line
(Davicino et al., 2010), and the alcoholic extract has been reported
to exert antibacterial activity (Zampini et al., 2007) and antifungal
activity against yeast and filamentous dermatophytes (Svetaz et al.,
2010). Phytochemical studies had reported the presence of lignans,
essential oils, flavonoids and glycosides (Mabry et al., 1977).

In the present work we  study the effects of organic extracts
from L. divaricata Cav. on the development of four phytopathogenic
fungi causing of serious diseases of vegetable crops. We  also
report the presence of compounds in the bioactive extract:
apigenine-7-methylether (1), nordihydroguaiaretic acid (2) and
3,4′-dihydroxy-3′,4-dimethoxy-6,7′-cyclolignan (3) isolated for the
first time in L. divaricata with strong inhibition of F. graminearum
growth on in vitro and in vivo assay.

2. Material and methods

2.1. Plant material

L. divaricata Cav. was collected from their natural habitat during
May  2009 in the mountainous region of San Luis (32◦36′ 66◦07′),

in the province of San Luis, Argentina. Botanical identification was
performed at the Herbarium of the Universidad Nacional de San
Luis, where voucher specimens of the plant were deposited (L.A.
del Vitto, N◦ 518).

dx.doi.org/10.1016/j.indcrop.2012.06.009
http://www.sciencedirect.com/science/journal/09266690
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.2. Preparation of extracts

The air-dried and minced material obtained from leaves and
tem of L. divaricata (800 g) were extracted three times succes-
ively for 48 h at room temperature with n-hexane, chloroform and
ethanol. The plant extracts were filtered, evaporated in vacuum

n a rotary evaporator and stored at −80 ◦C until tested.

.3. Phytochemical screening

Silica Gel 60 F254 plates, 20 × 20 cm,  Merck with the solvent sys-
em benzene–acetone; 9:1 (v/v), was used for the separation of the
omponents of the chloroformic extracts by ascendent TLC. They
ere visualized by observation under UV light (254 and 366 nm)

nd qualitatively determined by staining with the following
eagents: modified Dragendorff’s reagent for alkaloids, methano-
ic potassium hydroxide for coumarins, anisaldehide/sulfuric acid
or steroids and terpenes, aluminum chloride for flavonoids,

ethanolic ferric chloride for lignans, ethanolic sodium hydrox-
de for quinones and vanillin/sulfuric acid reagent for sapogenins
Spangerberg et al., 2011).

.4. Isolation and structural identification of secondary
etabolites

The chloroformic extract was subjected to flash chromatog-
aphy on silica gel, eluting with n-hexane, n-hexane-EtOAc with
ncreasing polarity mixtures and EtOAc–MeOH (97:3) to afford
hirty-six fractions. The n-hexane-EtOAc (7:3) fraction was puri-
ed by column chromatography on Sephadex LH-20 eluting with
eOH to give twenty-three fractions. Each fraction obtained from

ephadex column was monitored by TLC (C6H6–dioxane-AcOH
0:5:1), and fractions 6–7 were separated and purified by TLC
C6H6–AcOH 8.5:1.5) to furnish compound 1 (11 mg). Fractions
0–11 were separated and purified by TLC (C6H6–AcOH 8.5:1.5) to
urnish compound 2 (10 mg). Fractions 12–20 were separated and
urified by TLC (C6H6–AcOH 8.5:1.5) to furnish compound 3 (9 mg).
heir structures were determinate by spectroscopic methods and
omparison with authentic samples (NMR spectra: Bruker-Avance-
00 instrument, 1H NMR:200 MHz, 13C NMR: 50 MHz, CDCl3 as
olvent. Mass spectra: EIMS, ionization energy 70 eV, Finnigan-
at-GCQ ion tramp instrument).

.5. Fungi and media

Antifungal evaluations were performed against the plants
athogens of economical importance in agriculture F. graminearum
BM07, Fusarium solani DBM08, Fusarium verticillioides DBM09
nd Macrophomina phaseolina DBM10. Theses fungi are part of the
aboratory of Plant–Microbe Interaction’s fungal collection (Uni-
ersidad Nacional de Río Cuarto), the culture were maintained on
otato dextrose agar in a culture chamber at 28 ◦C for 7 days.

.6. In vitro antifungal activity: microbroth dilution method

The experiment was made following the guidelines of the
CCLS for filamentous fungi (M 38 A) in 96-well microplates (CLSI,
008). Wells containing 100 �L of RPMI 1640 medium with dif-
erent extracts concentration (extract were dissolved in DMSO
100 mg/mL) were inoculated with 100 �L of inoculum suspen-
ion. The plates were incubated at 30 ◦C for 48 h. The minimum

nhibitory concentration (MIC) was defined as the lowest concen-
ration of extract at which no fungal growth was  observed after
ncubation (Svetaz et al., 2010). Tests were carried out in dupli-
ate.
Products 42 (2013) 583– 586

2.7. Glasshouse experiments: effect of plant products on seedling
stand caused by F. graminearum

To produce fungal inoculum, 200 g of ryegrass seeds were used
as substrate for fungal growth. They were soaked in water, drained
and autoclaved in a conical flask (30 min  on 3 separate days). Each
flask was  inoculated with a 5 mm diameter plug of F. graminearum
and incubated at 20 ◦C with 12 h photoperiod for one week. The
seeds were dried and stored at 4 ◦C. A glasshouse potting mix was
prepared by mixing soil, sand and perlite (2:1:1), the mix was
sterilized at 180 ◦C (3 days for 2 h). Plastic pots (15 cm in diam-
eter 20 cm high), were filled with 250 g of the potting mix. On
infected pots F. graminearum inoculums at 1 g/kg were blended.
On treated pots L. divaricata chloroformic extract and the most
active compound on in vitro assay were applied to give a con-
centration of 10 mg/kg. Five wheat seeds were sown into the soil
layer of the pots. There were four replicates, which were ran-
domized in blocks in a growth chamber. The pots were watered
every three days. Number of plant alive on each post was deter-
mined after 5 and 15 days post germination. The wheat plants
were sampled after 15 days post germination. Each plant was
assessed measuring aerial and radical length and weight. Sever-
ity index (SI) of crown rot was evaluated using a 0–4 scale, where
0 = symptomless, 1 = slight browning of the coleoptile and/or sub-
crown internode (<25%), 2 = obvious browning of the coleoptile
and/or subcrown internode (25–75%), 3 = same as 2 with brown-
ing of leaf sheaths, 4 = seedlings wilted or dead (Huang and Wong,
1998).

3. Results and discussion

The extraction process of L. divaricata leaves yielded in hex-
ane (7.6 g), chloroform (49.6 g) and methanol (53.5 g) extracts. The
results of the in vitro evaluation indicates that the chloroform
extract was  active against all the fungi tested, F. graminearum and
M. phaseolina were the most sensitive species (MIC = 250 �g/mL). n-
Hexane was inactive against the fungi tested, and methanol extract
inhibited M.  phaseolina (Table 1). The differences in the inhibi-
tion effect of the extracts may be due to the lignans compounds
present in L. divaricata,  which had similarity to the chloroform sol-
vent. In relation with the n-hexane extract, lower inhibition activity
indicates, that there were interactions among non-polar inactive
structures (Jasso de Rodríguez et al., 2011).

These results showed higher efficiency on F. graminearum inhi-
bition than those reported by Trigui et al. (2013),  who evaluated
Thymelaea hirsuta hexane, chloroform, ethyl acetate, acetone, n-
butanol and water extract, on in vitro assay. The ethyl acetate
revealed antifungal activity (MIC = 312 �g/mL), the other extracts
were found to be inactive.

Previously antifungal activity was  described in L. divaricata.
Svetaz et al., 2010 studied L. divaricata ethanolic extract against
dermatophytes of high incidence in superficial infections. Author’s
results were similar to the inhibitions obtained with chloroform
extract in this study. The filamentous fungi from the Phylum
Ascomycota exhibited the highest sensitivity (MIC = 250 �g/mL)
Microsporum gypseum, Trichophyton mentagrophytes, Epidermophy-
ton floccosum,  and Trichophyton rubrum present a MIC  of 125 �g/mL.
The MIC  for Candida albicans, C. tropicalis and Saccharomyces cere-
visiae was  500 �g/mL, mean while Cryptococcus neoformans present
a MIC  of 1000 �g/mL. On the other hand, the extract was  inactive
against the filamentous fungi of Aspergillus generous (A. fumigates,

A. flavus and A. niger).

Ascendant TLC analysis of the chloroform extract from L. divar-
icata detected the presence of flavonoids and lignans. Among
the extracts obtained the chloroform one was and compounds
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Table  1
MIC  (�g/mL) of L. divaricata extracts and compounds 1–3. Microbroth dilution method.

L. divaricata extracts/compounds Fungal strains

F. graminearum F. solani F. verticillioides M.  phaseolina

n-Hexane i i i i
Chloroform 250 1000 500 250
Methanol i i i 1000
Compound 1 i i i i

250 125 62.5
125 250 125
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Compound 2 62.5 

Compound 3 15.6 

: Inactive (MIC > 1000 �g/mL).

–3 were isolated using chromatographic methods and identi-
ed by spectroscopic methods. Compound 1 was identified as
pigenine-7-methylether (Sakakibara et al., 1976) and compound

 as Nordihydroguaiaretic acid (NDGA) (4,4′-(2,3-dimethylbutane-
,4-diyl)dibenzene-1,2-diol): Amorphous solid. 1H NMR  (CDCl3) ı
.85 (6H, d, J = 7 Hz), 1.29–2.9 (6H, m),  6.55–6.91 (6H, m)  (Konno
t al., 1990). Their structures were determinate by spectroscopic
ethods and comparison with authentic samples. Compound 3
as isolated as a yellow powder and identified as 3,4′-dihydroxy-

′,4-dimethoxy-6,7′-cyclolignan: Amorphous solid = −21.2 (c 0.55,
HCl3). IR cm−1 = 3540, 3445. 1H NMR  (200 MHz, CDCl3) ı: 0.85 (3H,
, J = 7.1 Hz, C9-H)*, ı 0.88 (3H, d, J = 7.2 Hz, C9′-H)*, 1.89–2.00 (2H,
, C8-H, C8′-H), 2.50 (1H, dd, J = 7.5, 15.7 Hz, C7-H�)*, 2.79 (1H,

d, J = 7.1, 15.9 Hz, C7-H�)*, 3.63 (1H, d, J = 6.8, C7′-H), 3.67 (3H, s,
CH3), 3.78 (3H, s, OCH3), 5.45 (2H, s, OH), 6.30–6.79 (5H, m,  Ar).

3C NMR  (50 MHz, CDCl3) ı: 15.5 q (C-9)*, 16.5 q (C-9′)*, 28.4 d (C-8),
4.6 t (C-7), 41.0 d (C-8′), 51.3 d (C-7′), 55.9 s (OCH3), 55.9 s (OCH3),
11.5 d (Ar–C), 113.8 d (Ar–C), 115.1 d (Ar–C), 116.9 d (Ar–C), 122.1

 (Ar–C), 143.7 s (Ar–C), 143.9 s (Ar–C), 144.8 s (Ar–C), 146.2 (Ar–C)*
exchanges) (Fig. 1).

Compounds 1–3 showed different activity. Compounds 2 and 3
howed a strong fungal inhibition against all the fungi tested. The
est activity was exhibited by cyclolignan 3 against F. graminearum,
ne of the most common fungi causing damping-off on wheat.
ompound 1 was inactive (Table 1).

Compound 3 was previously isolated from the flowering tops
f Larrea tridentata and describe as a cytotoxic compound that
nhibits the growth of human melanoma (ACC375), human breast
MCF7) and human colon cancer (SW480) cell lines with IC50 of
0, 25 and 50 �M respectively (Lambert et al., 2005). Compound

 is a prevalent and biologically active known compound present
n L. divaricata leaves, is considered to be a powerful inhibitor of
ipoxygenase enzymes (Davicino et al., 2011). Also antifungal activ-
ty of NDGA was reported against clinical isolates of Candida genus
MIC = 250 �g/mL), the MIC  of Microsporum gypseum, Trichophyton

ubrum and T. mentagrophytes (MIC = 62.5 �g/mL) (Agüero et al.,
011).

In glasshouse experiment the ability to suppress damping-
ff (pre and post emergence) and crown rot (F. graminearum)  of

able 2
ffect of Larrea divaricata chloroformic extract and compound 3 on growth parameters o
light  and crown rot caused by Fusarium graminearum.

Treatment % Plants a Aerial length (cm) Aerial

5 days 15 days

Control 86.7% 86.7% 32.3 ± 2.6a b 47.0 ±
Ld  CE 10 mg/kg 82.5% 73.3% 31.5 ± 2.3 ab 43.9 ±
Ld  C 3 10 mg/kg 86.7% 91.1% 29.3 ± 2.8 bc 34.1 ±
Fg  1 g/kg 68.9% 71.1% 29.1 ± 3.3 c 41.2 ±
Ld  CE 10 mg/kg + Fg 1 g/kg 62.2% 64.4% 28.9 ± 2.1 c 44.7 ±
Ld  C 3 10 mg/kg + Fg 1 g/kg 82.9% 82.9% 30.6 ± 5.9 abc 43.0 ±

g = F. graminearum.
a Percentage of plants alive at 5 and 15 days post germination.
b Values within the same column followed by the same letter do not differ significantly
Fig. 1. Chemical structure of 3,4′-dihydroxy-3′ ,4-dimethoxy-6,7′-cyclolignan iso-
lated from Larrea divaricata Cav.

L. divaricata chloroformic extract and compound 3 was evalu-
ated. This compound was selected because it was the most active
against F. graminearum on in vitro tests. Bibliographic reports
inform that NDGA exhibited phytotoxic properties and reduces the
seedling root growth of barnyard grass, green foxtail, perennial rye-
grass, annual ryegrass, red millet, lambsqueater, lettuce and alfalfa
(Elakovich and Stevens, 1985), for that reason, it was not evaluated
under glasshouse conditions.

The treatment of soils with natural products previously to wheat
seeds sowing had no toxic effect on the length and weight of 15 days
plants (Table 2). On infected pots compound 3 was  more effective
than L. divaricata chloroformic extract reducing damping-off pre

emergence in 14% (5 day after emergence) and post emergence
in 11% (15 days post emergence). Disease developed extensively
in roots and subcrown internodes, and less in leaf sheaths of 15

n wheat plants infected with F. graminearum and on the control of wheat seedling

 weight (mg) Radical length (cm) Radical weight (mg) Severity index

 9.9 a 16.7 ± 4.3 a 16.9 ± 3.3 a 0.0 ± 0.0 c
 11.4 a 14.6 ± 4.9 ab 17.0 ± 5.4 a 0.0 ± 0.0 c
 9.8 b 14.6 ± 4.7 ab 15.5 ± 4.4 a 0.0 ± 0.0 c
 16.7 ab 12.8 ± 2.1 b 15.6 ± 4.0 a 2.6 ± 1.4 a
 9.9 a 14.9 ± 4.0 ab 17.3 ± 3.9 a 1.6 ± 1.0 b
 12.1 ab 17.2 ± 5.5 a 16.5 ± 6.5 a 1.1 ± 0.9 b

 (p < 0.05) according to Tukey test.
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ays wheat plants. Data showed that treatment with compound
 significantly reduced severity of symptoms of F. graminearum
rown rot as compared with the non-treated controls, SI of 1.1
or treated plants and 2.6 for the control, respectively. L. divari-
ata chloroformic extract produced reduction of crown rot but not
f damping-off.

The results give additional support to the antifungal activity of
he medicinal plant L. divaricata,  endemic specie from South Amer-
ca.

. Conclusions

Biological control with natural products is becoming an impor-
ant component of plant disease management. Our results allow us
o conclude that the chloroformic extract from L. divaricata exhibits
aluable antimicrobial properties that support its folkloric use in
he treatment of several plant diseases; L. divaricata is widely dis-
ributed in Argentina, it showed high antifungal activity and could
e considered as one of the sources of natural fungicides for agricul-
ure against plant pathogens. In addition, the chloroformic extract
ractionation gave rise the isolation of compounds 1–3. Our data
uggest that compound 3: 3,4′-dihydroxy-3′,4-dimethoxy-6,7′-
yclolignan, first time isolated in L. divaricata with high fungitoxic
roperties could be used as a potential biocontrol agent against
ungal pathogens of crops.
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Medicinal plants from the “sierra de comechingones”, Argentina. J. Ethnophar-
macol. 107, 324–341.

Huang, Y., Wong, P.T.W., 1998. Effect of Burkholderia (Pseudomonas) cepacia and soil
type on the control of crown rot in wheat. Plant Soil 203, 103–108.

Jasso de Rodríguez, D., Rodríguez García, R., Hernández Castillo, F.D., Aguilar
González, C.N., Sáenz Galindo, A., Villarreal Quintanilla, J.A., Moreno Zuccolotto,
L.E., 2011. In vitro antifungal activity of extracts of Mexican chihuahuan desert
plants against postharvest fruit fungi. Ind. Crop Prod. 34, 960–966.

Konno, C., Lu, Z., Xue, H., Erdelmeier, C., Meksuriyen, D., Che, C., Cordell, G., Soejarto,
D.,  Waller, D., Fong, H., 1990. Furanoid lignans from Larrea tridentata.  J. Nat. Prod.
53, 396–406.

Lambert, J.D., Sang, S., Dougherty, A., Caldewell, C.G., Meyers, R.O., Dorr, R.T., Tim-
mermann, B.N., 2005. Cytotoxic lignans from Larrea tridentata.  Phytochem. 66,
811–815.

Mabry, T.J., DiFeo, T.R., Sakakibara, C.F., Bohnstedt, C.F., Seigler, D., 1977. The natural
products: chemistry of Larrea.  In: Mabry, J., Hunziker, D., DiFeo (Eds.), Creosote
Bush. Biology and Chemistry of Larrea in New Word Deserts. Hutchinson & Ross,
United States.

Reynoso, M.M.,  Ramirez, M.L., Torres, A.M., Chulze, S.N., 2011. Trichothecene geno-
types and chemotypes in Fusarium graminearum strains isolated from wheat in
Argentina. Int. J. Food Microbiol. 145, 444–448.

Sakakibara, M.,  DiFeo, D., Nakatani, N., Timmermann, B., Mabry, T.J., 1976. Flavonoid
methyl ethers on the external leaf surface of Larrea tridentata and Larrea divari-
cata.  Phytochemistry 15, 727–731.

Spangerberg, B., Poole, C.F., Weins, C., 2011. Quantitative Thin-Layer Chromatogra-
phy: A Practical Survey. Springer, Germany.

Svetaz, L., Zuljan, F., Derita, M.,  Petenatti, E., Tamayo, G., Cáceres, A., Cechinel Filho, V.,
Giménez, A., Pinzón, R., Zacchino, S.A., Gupta, M.,  2010. Value of the ethnomed-
ical information for the discovery of plants with antifungal properties. A survey
among seven Latin American countries. J. Ethnopharmacol. 127, 137–158.

Trigui, M., Hsouna, A.B., Tounsi, S., Jaoua, S., 2013. Chemical composition and eval-

uation of antioxidant and antimicrobial activities of Tunisian Thymelaea hirsuta
with special reference to its mode of action. Ind. Crop Prod. 41, 150–157.

Zampini, I.C., Cudmani, N., Isla, M.I., 2007. Actividad antimicrobiana de plantas
medicinales argentinas sobre bacterias antibiótico-resistentes. Acta Bioquím.
Clín.  Latinoam. 41, 385–393.


	Antifungal activity in vitro and in vivo of extracts and lignans isolated from Larrea divaricata Cav. against phytopathoge...
	1 Introduction
	2 Material and methods
	2.1 Plant material
	2.2 Preparation of extracts
	2.3 Phytochemical screening
	2.4 Isolation and structural identification of secondary metabolites
	2.5 Fungi and media
	2.6 In vitro antifungal activity: microbroth dilution method
	2.7 Glasshouse experiments: effect of plant products on seedling stand caused by F. graminearum

	3 Results and discussion
	4 Conclusions
	Acknowledgements
	References


