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ABSTRACT

The activity of the extract of Heliotropium filifolium, of the natural compounds obtained from its resinous exudates, filifolinol and filifolinyl senecionate, and 
of the synthetic derivative of filifolinol, filifolinoic acid, on the mycelial growth of the phytopathogenic fungus Botrytis cinerea was analyzed in liquid and solid 
media. The extract of H. filifolium, filifolinol, and filifolinoic acid reduced mycelial growth of this fungus. The effect of these compounds was dose-dependant. 
The compound filifolinyl senecionate was inactive in all the tested conditions. The extract of H. filifolium and filifolinol retarded the germination of conidia of the 
fungus.
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INTRODUCTION

Botrytis cinerea, the agent of the gray mould, is a facultative phytopathogenic 
fungus that attacks flowers, fruits, leaves and stems of more than two hundred 
plant species1. Diseases caused by this fungus produce considerable losses 
to crops in the field and during storage 2, 3. B. cinerea has traditionally been 
controlled by commercial fungicides (dicarboximides and benzimidazoles). 
However, the use of these fungicides has caused serious problems such as the 
appearance of highly resistant strains and the contamination of soil and water 
4. 

Some naturally occurring substances found in higher plants as terpenoids 
(sesquiterpenoids, diterpenoids, triterpenoids, saponins, etc.), aromatic 
compounds (flavonoids, stilbenes, quinones, etc), nitrogen-containing 
compounds (alkaloids, amines, amides) and aliphatic compounds (long chain 
alkanes,  fatty acid, etc)  show antifungal properties  5- 11 .

Little information is available in the literature on antifungal activity of 
natural products against B. cinerea.  Some flavonoids,12 diterpenoids, 13, 14  

sequiterpenoids, 15  monoterpenoids, 16  stilbenes, 17,18 steroidal glycoalkaloid 19-21 
and triterpenoids 22  have effect against this fungus (inhibition mycelia growth, 
cytological changes, toxic action and protection cucumber tissue, etc). 

Heliotropium filifolium (Fam. Heliotropiaceae) is a resinous bush that 
grows in desert environments 23. A resinous exudate covers its foliar surface 
and the stem. The secondary metabolites that compose the resin consist of 
a mixture of flavonoids and geranyl aromatic derivatives, such as filifolinol 
1 

24, the first example of a spiro benzodihydrofuranyl terpene and the esther 
derivative filifolinyl senecionate 2 25. 

The aim of the present study was to evaluate the fungitoxic effect against B. 
cinerea of the extract obtained from H. filifolium and of the genaryl derivative 
compounds, filifolinol and filifolinyl senecionate, purified from resinous 
exudates of H filifolium. Due to the special structure of these compounds and 
the influence of the functional groups in the biological activity, the effect of a 
compound obtained by hydrolysis of compound 1 called filifolinoic acid 3 26 on 
B. cinerea was also analyzed.

EXPERIMENTAL

Fungal isolate and culture conditions 
In this study the isolate G29 of B. cinerea was used. This isolate was 

originally isolate from a naturally infected grape (Vitis vinifera). This isolated 
has been genetically characterized 27 and it is considered resistant to fungicide 
dicarboximide 28. It was maintained on malt-yeast extract agar slants (2% malt 
extract, 0.2% yeast extract and 1.5% agar) at 4ºC. The fungus was grown in the 
following culture media:

a) Solid media:  Two solid media were used: malt-yeast extract agar 
medium and soft agar medium (2% malt extract, 0.2% yeast extract and 0.6% 
agar).

b) Liquid media. The fungus was cultured in malt-yeast extract medium 
(2% malt extract, 0.2% yeast extract). It was also grown in liquid minimum 
medium which contained: KH2PO4 (1 g), K2HPO4 (0.5 g), MgSO4 

. 7H2O (0.5 
g), KCl (0.5 g), FeSO4

. 7H2O (0.01 g) per liter. Ammoniun tartrate (25 mM) was 
used as nitrogen source and 1% (w/v) glucose was added as carbon source. 

Isolation of from filifolinol and filifolinyl senecionate from H. filifolium
The compounds 1 and 2 used in this study are shown in the Figure 1. 

These compounds were purified from the resinous exudate of H. filifolium 
(Miers) Reiche (ST-2214 SSUC) as has been described 24, 25. The hemi-
synthetic compound, filifolinoic acid 3 (Figure 1) was obtained by hydrolysis 
from compound 1 24-26.

Figure 1. Structure of compounds 1-3

Fungitoxicity assay against B. cinerea 

a) Effect on mycelial growth

Fungitoxicity of  H. filifolium extract and of the purified compounds was 
assessed using the radial growth test on malt-yeast extract agar14. The extract 
or the compounds were dissolved in methanol to different final concentrations. 
Cultures were incubated in the dark at 22ºC for nine days.  Mycelial growth 
diameters were measured daily. The mean value of at least three different 
experiments was used for calculation. Each experiment was done in triplicate.
The results were expressed as percentage of inhibition of mycelial growth on 
the control, after 72 hours of incubation.

Fungitoxicity of H.  filifolium extract or genaryl derivatives was also 
assessed in liquid media28. Flasks were inoculated with conidia to a final 
concentration of  3x105 conidia/mL. Cultures were incubated in the static 
condition at 22 ºC. After 5 days of incubation the wet weight of the mycelia 
was determined. 

b) Effect on germination of B. cinerea conidia. 
Conidial germination assays were carried out on microscope slides 

coated with soft agar medium (2 mm thickness). Extract or compounds were 
added dissolved in methanol at a final concentration of 40 or 160  µg/mL. In 
the control only methanol was added, the final methanol concentration was 
identical in control and treatment assays28. The percentage of germination was 
estimated by counting the number of germinated conidia in five microscope 
fields each containing 40 conidia. Conidia were judged to have germinated 
when the germ tube length was equal to or greater than conidial diameter. Each 
experiment was done at least in triplicate.
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 RESULT AND DISCUSSION

To evaluate antifungal activity of H. filifolium extract and the purified 
compounds, the effect on mycelial growth in solid and liquid media was 
determined.

In solid medium, the extract and the compounds, at 0.04 mg/mL, did not 
inhibit the mycelial growth (data no shown). At higher concentrations, the 
extract and compounds 1 and 3 were active (Figure 2); however, the effect 
fluctuated at different concentrations. At 0.08 mg/mL compound 3 was more 
active than the others, while at 0.64 mg/mL compound 1 presented the highest 
inhibitory effect, around 60%. Compound 2 was inactive at all concentrations 
tested (data no shown). The fungicide iprodione at 0.04 mg/mL (positive 
control) produced a 57.3% of inhibition, data no shown. The mycelium 
growth rate during the exponential phase was 1.58 cm/day for the control and 
it decreased to 1.44 and 1.26 cm/day in the presence of compound 1 at 0.08 
mg/mL and 0.64 mg/mL, respectively. These results show that the growth rate 
decreased at higher concentrations of the compound 1. In the extracts and in the 
compound 3 the results are the same.

Figure 2.  Effect of different concentrations of H.filifolium extract and 
compounds filifolinol and filifolinoic acid on the mycelial growth of B. 
cinerea. Compounds dissolved in methanol were added to 5 mL of soft agar 
medium at different concentrations. Controls contained methanol at the same 
concentrations as treatment assays. Each point represents the average of at least 
three independent experiments ± standard deviation. 

 
The effect of the extract and the compounds was also determined in 

liquid media (Figure 3). In malt-yeast extract culture medium, the extract and 
compounds at 40 µg/mL inhibited mycelium growth in approximately 42%. 
The same results were obtained in the minimum medium (result not shown). 
The antifungal activity of the extract and compounds was not different in both 
liquid medium probably because the solubility is similar and the interaction 
fungus-compounds are similar too. 

At 40 µg/mL, the antifungal effect is higher in liquid medium than in 
solid medium. Probably, in liquid medium, a higher interaction among the 
compounds and the fungus would occur.

Figure 3. Effect of H. filifolium extract and compounds filifolinol and 
filifolinoic acid on the mycelial growth of B. cinerea in malt yeast extract liquid 
medium. Compounds dissolved in methanol were added at a final concentration 
of 40 µg/mL. Controls contained methanol at the same concentrations as 
treatments. Percentages of inhibition relative to the control with methanol were 
calculated after five days of incubation. Each bar represents the mean of at least 
five independent experiments ± standard deviation.

Finally, the effect of extract, compound 1 and compound 3 on germination 
conidia was analyzed. The extract and the compound 1 did not effect the 
germination of B. cinerea conidia at 40 µg/mL, but at 160 µg/mL H. filifolium 
extract and compound 1 did retard the germination. (Figures 4A and B). These 
results suggest that the concentration is important for the fungitoxic effect. The 
compound 2 and 3 were inactive (results not shown). A similar effect has been 
observed with the fungicide fenhexamid that inhibits the germination of B. 
cinerea conidia only at relatively high concentrations. This fungicide is also 
a strong inhibitor of mycelium growth of this fungus29 but its mechanism of 
action on B. cinerea has not been elucidated.

Figure 4.  Effect of H. filifolium extract and filifolinol on conidia 
germination of B. cinerea. 

The H. filifolium extract (■) and filifolinol (∆) were dissolved in methanol 
and added to final concentrations of 40 µg/mL (A) or 160 µg/mL (B). Controls 
contained methanol at the same concentrations as treatment assays (◊). 

There are not data in literature of the effect of these compounds against 
B. cinerea. It has been reported that filifolinol had an inhibitory effect against 
Fusarium moniliforme and Aspergillus niger (61% and 36% mycelial growth 
inhibition at 0.5 mg/mL, respectively)30.

Also, it has been reported that the resinous exudate of H. filifolium and 
some compounds isolated form them (filifolinol, filifolinyl senecionate and 
filifolinone),  presented antiviral activity against of human virus  Polio stump 
sabin, Herpes simplex 1, H. simplex 2,  Junin and Respiratory syncitial virus31.   
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Aditionally H. filifolium extract, filifolinoic acid, filifolinol and filifolinyl 
senecionate were assay against Hantavirus.  The results showed that resin and 
their main component filifolinol inhibited the viral development at 10 µg/mL in 
36% and 27% respectively. The other compounds did not show effect 25.

The results of the present work, together with the antiviral activity results 
26,31 show that compound 1 is the most active compound of the extract and 
that the biological activity of the extract could be explained by its presence. 
These results suggest that the hydroxyl group at C-7’ position is important for 
the fungitoxic effect because, when this group is free the compound presents 
activity (1 and 3), and if it is esterificated the compound is inactive (compound 
2). Possibly, the hydroxyl group would increase the polarity of compounds 
1 and 3 and this characteristic might be important for the antifungal activity. 
This same situation has been described for the diterpenoids kaurenoic acid and 
3β-hydroxy-kaurenoic acid14.  The later presented higher antifungal activity 
than the non-hydroxylated compound. This suggests that the hydroxyl group 
would increase the polarity of the compound, thus favoring its interaction with 
the fungus. 

On the other hand, the mycelium growth and the germination of B. cinerea 
are not completely inhibited by these compounds, but just retarded by them. 
These results could be explained by the ability of B. cinerea to biotrasform the 
geranyl derivative to a less active metabolite. In fact, it has been reported that 
B. cinerea biotrasforms several compounds 32. Another possible explanation 
could be that filifolinol and its acid derivative induce the expression the ATP-
binding cassette (ABC) transporters in B. cinerea to eliminate toxic compounds. 
It has been reported that some compounds as antibiotics, resveratrol and the 
fungicide fenpiclonil induced expression of several ABC transporter genes in 
B. cinerea 33-34.
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