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Abstract

:

The fungotoxicity against Botrytis cinerea of a flavonoid isolated from Pseudognaphalium robustum was analyzed. Two absorption column chromatographies and one semipreparative thin layer chromatography were used to purify the active flavonoid. It was determined, by 1H-NMR spectroscopy and co-elution with standards in HPLC, that this compound was 5,7-dihydroxy-3,8-dimethoxyflavone (gnaphaliin A). To determine the fungitoxicity of the purified compound, the effect on in vitro mycelial growth and conidial germination was studied. The compound concentration that reduced mycelial growth by 50% was 45.5 μg/mL. This compound also partially affected conidial germination of B. cinerea, reduced oxygen consumption by germinating conidia and affected the integrity of plasma membrane. Finally, using cyclic voltammetry, it was shown that the purified flavone had a pro-oxidant effect.
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1. Introduction


Botrytis cinerea (teleomorph Botryotinia fuckeliana) is a phytopathogenic fungus that infects more than 250 plant species worldwide. This fungus is difficult to control because it colonizes different plant organs such as flowers, fruits, leaves and stems, and it is most destructive on mature or senescent tissues producing serious damage during the storage of harvested fruits and vegetables [1].



Chemical control with synthetic fungicides is the main way to reduce diseases caused by B. cinerea, however the use of these fungicides has caused the development of fungicide-resistant B. cinerea strains and contamination of soil and water. The latter has generated a negative public perception toward the use of these fungicides in general [2]. Therefore, biodegradable chemicals such as secondary metabolites from plant are viewed as an alternative to synthetic fungicides.



Flavonoids form an interesting group of secondary metabolites due to their chemically diverse and biological properties [3]. Anti-inflammatory, anti-allergic, antimicrobial, anticarcinogenic, and antioxidant activities have been reported for these natural products [3]. Flavonoids can also act as pro-oxidants, depending on their concentration, free radical source, and the presence of transition metals [4].



The antifungal activity of these compounds has been reported [3,5]. Flavanones, flavans and lipophilic flavones have been associated with antifungal activity [6]. Sakuranetin, a flavonoid isolated from the surface of Ribes nigrum, inhibited germination of B. cinerea conidia [6]. On the other hand, three chalcones from the wood of Bauhinia manca affected mycelial growth of B. cinerea [6]. Resveratrol, a stilbene produced by grapes, inhibited the spread of B. cinerea infection [7].



In Chile, 14 species of plants of the genus Pseudognaphalium have been identified, among them P. robustum, which present a great variety of flavonoids in their resinous exudates [8,9]. Extracts obtained from resinous exudates of this plant partially reduced mycelial growth of B. cinerea [10]. Indeed, the flavone 5,7-dihydroxy-3,8-dimethoxyflavone has been reported as component of P. robustum resinous exudates [8,9]. This flavone, at 40 μg/mL, inhibited the growth of B. cinerea mycelia by 32% [10].



The aim of this work was to analyze if resinous exudate of P. robustum contains other flavonoids active against B. cinerea. For this, a bioassay-guided purification of flavonoids from these exudates was carried out. On the other hand, the effect of purified flavone on mycelial growth, conidial germination, oxygen consumption and membrane integrity of B. cinerea was evaluated. The pro-oxidant ability of the purified flavonoid was also determined.




2. Results and Discussion


Two absorption column chromatographies and one semipreparative thin layer chromatography were used to purify a flavonoid active against B. cinerea from the resinous exudates of P. robustum. Fraction 3 from the first column chromatography presented the highest antifungal activity against B. cinerea (Figure 1A). After 72 h of incubation, this fraction produced 30% inhibition of mycelial growth at 40 µg/mL. Fraction 3 was submitted to a second column chromatography and four fractions were obtained. Only, fractions 48, 76 and 124 showed effects on mycelial growth of B. cinerea (Figure 1B).
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Figure 1. Effect on mycelial growth of B. cinerea of fractions obtained from column chromatography. Fractions (40 μg/mL) dissolved in dichloromethane from first (A) or second (B) column chromatography were added. Final solvent concentration was identical in the control and treatment assays. Each bar represents the mean of at least three independent experiments ± standard deviation. 
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Purification was continued with fraction 76, which was subjected to a semipreparative thin layer chromatography, yielding fraction F76-2 that corresponded to a pure compound that was identified as 5,7-dihydroxy-3,8-dimethoxyflavone (Figure 2) by comparison of its spectroscopic data (1H-NMR) with those reported in the literature [11,12] and co-elution with standards by HPLC. This compound, also called gnaphaliin A, has been isolated from other plants and it presents several biological activities [13,14].
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Figure 2. Structure of the compound 5,7-dihydroxy-3,8-dimethoxyflavone isolated from P. robustum. 
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The effect of the purified flavone on mycelial growth and conidial germination of B. cinerea was analyzed next. This compound inhibited mycelial growth, with an ED50 value of 45.5 µg/mL. This isolate is sensitive to iprodione, ED50 value for this commercial fungicide was 0.5 µg/mL.



In the presence of flavone at 40 µg/mL, mycelial growth stopped after six days of incubation without reaching maximum radial growth as control (Figure 3A). Biotransformation of this compound into a more toxic molecule might explain this observation. B. cinerea can modify compounds, mainly by hydroxylation, to more hydrophilic molecules [15]. In general, biotransformed products are less toxic. An exception is resveratrol, which is modified by a laccase from B. cinerea into a more toxic dimer [16].



On the other hand, flavone partially affected B. cinerea conidial germination (Figure 3B). At 40 µg/mL this compound inhibited germination by 30% after six hours of incubation. Some compounds that affect conidia germination act on mitochondrial respiration as strobilurin-type fungicides that block the electron transport chain and inhibit spore germination [17].
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Figure 3. Effect of 5,7-dihydroxy-3,8-dimethoxyflavone on mycelial growth (A) and conidial germination (B) of B. cinerea. The compound was added dissolved in dichloromethaneat 40 μg/mL (▲). Final solvent concentration was identical in the control (  [image: Molecules 16 03885 i001]) and treatment assays. Each point represents the mean of at least three independent experiments ± standard deviation. 
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Depending on their structural features, it has been reported that flavonoids can act as potent inhibitors of mitochondrial respiration or uncouplers [18]. Therefore, the effect of purified flavone on oxygen consumption by germinating conidia of B. cinerea was determined (Figure 4). At 40 µg/mL the compound inhibited 35.4% the oxygen consumption compared to the control. This effect was similar to that of KCN.



Regarding structural characteristics in antifungal flavonoids, it has been reported that one hydroxyl group and some degree of lipophilicity are important for antifungal activity [10,19,20]. Moreover, methoxyl substitution increased this activity [10,21]. On the other hand, characteristics such as the presence of a 2,3 double bond and a 4-carbonyl group, a low level of hydroxylation and O-methylation are associated with a significant increase of the toxicity of flavonoids on human leukemia cells [22]. These structural characteristics permit flavonoids to interact with cell membranes affecting mitochondrial functions [18]. The flavone identified in this study, 5,7-dihydroxy-3,8-dimethoxy-flavone, meets all these structural characteristics. By using SYTOX Green staining, it was demonstrated that 5,7-dihydroxy-3,8-dimethoxyflavone affected plasma membrane integrity of B. cinerea (Figure 5). In negative control, (dichloromethane), nuclei exhibited no fluorescence (Figure 5A). When hyphae were treated with ethanol (positive control) fluorescent nuclei were observed indicating alteration of the membrane (Figure 5B). After 4 h of incubation with 80 µg/mL of flavone alteration of the plasma membrane of B. cinerea was observed (Figure 5C); at lower concentration SYTOX staining was not produced (data no shown). After 6 h of incubation with the flavone, alteration of plasma membrane was produced at 40 or 80 µg/mL (Figure 5 D and E).
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Figure 4. Effect of 5,7-dihydroxy-3,8-dimethoxyflavone at 40 or 80 μg/mL on oxygen consumption of germinating conidia from B. cinerea.. Flavone was added to a conidia suspension in dichloromethane. After 8 min of incubation, the percentages of inhibition in the presence of the compounds relative to the basal oxygen consumption were calculated. Final solvent concentration was identical in the control and treatment assays. CCCP (10 μg/mL) and KCN (650 μg/mL) were used as uncoupler or inhibitor control, respectively. Each bar represents the average of at least three independent experiments ± standard deviation. 
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Figure 5. Effect of 5,7-dihydroxy-3,8-dimethoxyflavone on the membrane integrity of B. cinerea. Conidia, at a final concentration of 1 × 105 conidia/mL, were incubated in liquid minimum medium in the presence of 8% (v/v) dichloromethane (A), 70% (v/v) ethanol (B), 80 μg/mL of 5,7-dihydroxy-3,8-dimethoxyflavone for 4 h (C) or 6 h (E) or 40 μg/mL of 5,7-dihydroxy-3,8-dimethoxyflavone for 6 h (D) hours. The fluorescence of B. cinerea hyphae stained with SYTOX Green was observed under a confocal microscope. These photographs are representatives of five independent experiments. 
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The effect on the oxygen consumption could be due to the compound's ability to interact with membranes and a direct interaction with the electron transporters would not occur. On the other hand, inhibitory activity on respiratory chain by some flavonoids has been associated with the oxidation potentials of these compounds [23]. This redox activity may generate reactive oxygen species in the mitochondria, therefore these flavonoids can be considered as potential pro-oxidants. The ability of purified flavonoid to act in vitro as antioxidant or pro-oxidant was thus evaluated (Figure 6). The flavone showed an oxidation wave over 1 V vs. Ag/AgCl. This voltammetric oxidation suggests that the flavone could indeed act as pro-oxidant [4]. In fact, according to Simic et al. [4] antioxidant behavior corresponds to species that present oxidation processes at potentials lower than ca. 0.45 V vs. Ag/AgCl. Species that showed oxidation processes at low potentials simultaneously they inhibited the lipid peroxidation [4]. The pro-oxidant activity of flavonoids can generate semiquinones and superoxide. Due to the very reactive nature of these radicals, macromolecules like proteins or DNA can be damaged [24,25]. In order to have good radical scavenging behavior, the flavonoid structure must allow a good electron delocalization and stabilization of the phenoxy radical [4,24]. According to the results observed in the voltammogram, where an ill-defined irreversible oxidation process took place, it is clear that the flavone was not able to stabilize the radical formed and therefore it was not able to act as an antioxidant.
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Figure 6. Voltammogram of 5,7-dihydroxy-3,8-dimethoxyflavoneat 40 μg/mL obtained at a scan rate of 0.1 V/s. 
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3. Experimental


3.1. Bioassay-guided Fractionation of Resinous Exudate from Pseudognaphalium Robustum


The resinous exudate was obtained by dipping the fresh plant material in cold dichloromethane for 20 s and the crude extract was concentrated in a rotary evaporator. A flavonoid with antifungal activity against B. cinerea was purified from the crude extract. Crude extract (5 g) was subjected to flash absorption chromatography and eluted with a hexane–ethyl acetate gradient. Twelve 200 mL fractions were collected and analyzed by thin layer chromatography (TLC). The fractions were pooled into five new fractions by chromatographic similarity. According to an antifungal assay against B. cinerea, one fraction (F3) was submitted to a new column chromatography applying 1.5 g of this fraction to an absorption column and eluting with a hexane–ethyl acetate gradient. A total of 120 fractions of 20 mL were collected and grouped into four fractions according to their chromatographic similarity. Fraction 76 was further purified by thin layer semipreparative chromatography in a CHCl3/acetone (98:2) system, to give a pure product (Fraction 76-2). Its structure was determined by 1H-NMR spectroscopy and co-elution with standards by high-performance liquid chromatography (HPLC) using a 250 × 4.6 mm Symmetry C18 5 µm column (Waters, MA, USA). The mobile phase was a linear gradient from 10% to 100% methanol-water with 1% (v/v) acetic acid over 45 min at a flow-rate of 1.0 mL/min. Eluents were monitored at 254 and 360 nm. NMR spectra were acquired using a Bruker Avance RW- 400 spectrometer operating at 400.13 MHz (1 h). Measurements were carried out at a probe temperature of 300 k, using CDCl3 containing tetramethylsilane (TMS) as an internal standard.




3.2. Fungal Isolate and Culture Conditions


In this study B. cinerea strain T50 was used. This strain was originally isolated from naturally infected tomatoes (Lycopersicon esculentum cv. Roma) [27] and was maintained on malt-yeast extract agar slants with (2% (w/v) malt extract, 0.2% (w/v) yeast extract and 1.5% (w/v) agar) at 4 °C. The fungus was grown in the dark on malt-yeast extract agar medium or soft agar (2% (w/v) malt extract, 0.2% (w/v) yeast extract and 0.6 % (w/v) agar. Also, the following liquid minimum medium was used: (KH2PO4 (1 g/L), K2HPO4 (0.5 g/L), MgSO4∙7H2O (0.5 g/L), KCl (0.5 g/L), FeSO4∙7H2O (0.01 g/L), pH 6.5. Ammonium tartrate (25 mol/L) and glucose (1% (w/v)) were used as nitrogen and carbon source, respectively. All experiments were done at least in triplicate.




3.3. Effect of Column Fractions and Pure Compound on B. cinerea


The fungitoxicity of column fractions and pure compound against B. cinerea was assessed in vitro using the radial growth test on malt-yeast extract agar [28]. Fractions and pure compound were dissolved in dichloromethane at different final concentrations. Aliquots of these solutions (100 μL) were added to malt-yeast extract agar medium (5 mL). Final solvent concentration was identical in the control and treatment assays. Dichloromethane was allowed to evaporate prior to inoculation. The commercial fungicide iprodione dissolved in methanol, was used as control. Results of antifungal effect of purified compound and iprodione were expressed as effective dose (ED50; the concentration that reduced mycelial growth by 50%) determined by regressing the inhibition of radial growth values (percent control) after 96 hours of incubation against compound concentration. All experiments were done at least in triplicate.



Also, the effect of pure compound on conidial germination was determined. Conidial germination assays were carried out on microscope slides coated with soft agar medium (2 mm thickness). Pure compound was added dissolved in dichloromethane at a final concentration of 40 μg/mL. Dichloro-methane was allowed to evaporate prior to inoculation. The slides were inoculated with dry conidia obtained from sporulated mycelia (1 week old), placed in a humid chamber (90% relative humidity), and incubated in the dark at 22 °C for 7 h. Conidial germination was determined directly on the slides at 1-hour intervals. The percentage of germination was estimated by counting the number of germinated conidia in five microscope fields each containing approximately 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.




3.4. Effect of Pure Compound on the Membrane Integrity of B. cinerea


This was determined using the SYTOX Green uptake assay [29]. B. cinerea conidia at a final concentration of 1 × 105 conidia/mL were inoculated in 24-well plates (lined with 12-mm glass coverslips) containing 1 mL of liquid minimum medium. Cultures were incubated at 22 °C for 15 h to permit the germination of the conidia. After this time, liquid medium was removed and same medium with 70% (v/v) ethanol (positive control), 2% (v/v), dichloromethane (negative control), or 40 and 80 μg/mL of purified flavone was added to each well. The mixtures were incubated at 22 °C for one, four and six hours in the case of flavone and dichloromethane or for 10 min when ethanol was used. B. cinerea hyphae adhered to glass coverslips were washed three times with liquid minimum medium and were stained with 50 nM SYTOX Green (Molecular Probes, Eugene, OR, USA). After 10 min of incubation, the hyphae were washed with minimum medium and glass coverslips containing hyphae were mounted in slides. For the assembly of the samples in the slides, 15 µL of DABCO (1,4-diazabicyclo[2.2.2]octane) was used. The fluorescence of B. cinerea hyphae stained with SYTOX Green was observed under a confocal microscope (Carl Zeiss LSM 510) at an excitation wavelength of 488 nm and an emission wavelength of 540 nm. These experiments were done at least in triplicate.




3.5. Effect of Pure Compound on the Oxygen Consumption of B. cinerea Conidia


Oxygen consumption was determined polarographically at 25 °C with a Hansatech oxygen electrode, using germinating conidia in a total volume of 1 mL [14]. To obtain conidia in suspension, Murashige and Skoog's basal medium at 4.4 g/L (Phytotechnology Laboratories, Lenexa, KS, USA) was added to Petri dishes containing conidia. The conidia were harvested by scraping with a sterile spatula. To eliminate mycelia, the suspension was filtered through glass wool. Conidia concentration was adjusted to 1 × 107 conidia/mL with liquid minimum medium, in the presence of 2% (w/v) glucose. Conidia were incubated for 2 hours at 22 °C. Measurement of basal oxygen consumption was made for 2 min in the same liquid minimum medium. After that time, carbonyl cyanide m-chlorophenylhydrazone (CCCP, 10 μg/mL), KCN (650 μg/mL), or pure compound dissolved in dichloromethane at 40 or 80 μg/mL were added. Oxygen consumption was determined for eight more minutes. As negative control, dichloromethane (at identical concentration of treatment assays) was used. KCN and CCCP were used as inhibitor or uncoupler of respiratory chain, respectively.




3.6. Pro-oxidant Activity


Pro-oxidant effect of pure compound was determined using cyclic voltammetry as has been described [4]. Electrochemical experiments were performed in a three-compartment glass cell, glassy carbon (A = 0.071 cm2) was used as working electrode. A saturated Ag/AgCl/KCl(sat) was used as reference electrode with respect to which all the potentials are quoted, and a Pt coil (A = 14 cm2) was used as the counter electrode. The glassy carbon electrode was polished with 0.25 µm alumina and ultrasonicated for 5 min before each experiment. Pro-oxidant behavior was determined by potentiodynamically cycling the electrode between −0.2 V and 2 V at a scan rate of 0.1 V/s in dichloromethane containing 40 or 80 μg/mL of the flavone in the presence of 0.1 M tetrabutylammonium perchlorate. The solution was purged with nitrogen (ultra pure grade) during each measurement. All the experiments were carried out at room temperature in an inert atmosphere. Electrochemical measurements were performed using an AFCBP1 Pine Bipotentiostat, along with Pinechem 2.5 software.





4. Conclusions


The flavonoid purified in this study, 5,7-dihydroxy-3,8-dimethoxyflavone, is active in vitro against B. cinerea, affecting mycelia growth and conidia germination. This compound interacts with the plasma membrane of B. cinerea and it affects the mitochondrial respiratory chain. Effects against B. cinerea would be due to its pro-oxidant properties.







Acknowledgements


This research was supported by FONDECYT Grant N° 1090723 and Anillo Bicentenario Grant ACT/24 and Dicyt Grant N° 021043CT of Universidad de Santiago de Chile, Usach.




References


	



Elad, Y.; Williamson, B.; Tudzynski, P.; Delen, N. Botrytis spp. and Diseases They Cause in Agricultural Systems – an. In troduction. In Botrytis: Biology, Pathology and Control; Elad, Y., Williamson, B., Tudzynski, P., Delen, N., Eds.; Kluwer Academic Publishers: Dordrecht, The Netherlands, 2004; pp. 1–6. [Google Scholar]

	



Leroux, P. Chemical Control of Botrytis cinerea and Its Resistance to Chemical Fungicides. In Botrytis: Biology, Pathology and Control; Elad, Y., Williamson, B., Tudzynski, P., Delen, N., Eds.; Kluwer Academic Publishers: Dordrecht, The Netherlands, 2004; pp. 195–222. [Google Scholar]

	



Treutter, D. Significance of flavonoids in plant resistance: A review. Environ. Chem. Lett. 2006, 4, 147–157. [Google Scholar] [CrossRef]

	



Simic, A.; Manojlovic, D.; Segan, D.; Todorovic, M. Electrochemical behaviour and antioxidant and prooxidant activity of natural phenolics. Molecules 2007, 12, 2327–2340. [Google Scholar] [CrossRef]

	



Padmavati, M.; Sakthivel, N.; Thara, K.V.; Reddy, A.R. Differential sensitivity of rice pathogens to growth inhibition by flavonoids. Phytochemistry 1997, 46, 499–502. [Google Scholar]

	



Grayer, R.; Harbone, J. A survey of antifungal compounds from higher plants. Phytochemistry 1994, 37, 19–42. [Google Scholar]

	



Langcake, P.; McCarthy, W. The relationship of resveratrol production to infection of grapevine leaves by Botrytis cinerea. Vitis 1979, 18, 244–253. [Google Scholar]

	



Urzúa, A.; Cuadra, P. Flavonoids from the resinous exudate of Gnaphalium robustum. Bol. Soc. Chil. Quim. 1989, 34, 247–251. [Google Scholar]

	



Urzúa, A.; Cuadra, P. Acylated flavonoids aglycones from Gnaphalium robustum. Phytochemistry 1990, 29, 1342–1345. [Google Scholar]

	



Cotoras, M.; García, C.; Lagos, C.; Folch, C.; Mendoza, L. Antifungal activity on Botrytis cinerea of flavonoids and diterpenoids isolated from the surface of Pseudognaphalium spp. Bol. Soc. Chil. Quim. 2001, 46, 433–440. [Google Scholar]

	



Urzúa, A.; Torres, R.; Bueno, C.; Mendoza, L. Flavonoids and diterpenoids in the trichome resinous exudates from Pseudognaphalium cheiranthifolium, P heterotrichium and P. vira vira. Biochem. Syst. Ecol. 1995, 23, 459. [Google Scholar] [CrossRef]

	



Mendoza, L.; Urzúa, A. Minor flavonoids and diterpenoids in the trichome resinous exudates from Pseudognaphalium cheiranthifolium, P heterotrichium, P. vira vira and P. robustum. Biochem. Syst. Ecol. 1998, 26, 469–471. [Google Scholar] [CrossRef]

	



Schinella, G.R.; Tournier, H.A.; Máñez, S.; de Buschiazzo, P.M.; Recio, M.C.; Ríos, J.L. Tiliroside and gnaphaliin inhibit human low density lipoprotein oxidation. Fitoterapia 2007, 78, 1–6. [Google Scholar] [CrossRef]

	



Sala, A.; Recio, M.C.; Schinella, G.R.; Máñez, S.; Giner, R.M.; Cerdá-Nicolás, M.; Rosí, J.L. Assessment of the anti-inflammatory activity and free radical scavenger activity of tiliroside. Eur. J. Pharmacol. 2003, 461, 53–61. [Google Scholar] [CrossRef]

	



Aleu, J.; Collado, I.G. Biotransformations by Botrytis species. J. Mol. Catal. B Enzym. 2001, 123, 77–93. [Google Scholar]

	



Schouten, A.; Wagemakers, L.; Stefanato, F.L.; van der Kaaij, R.M.; van Kan, J.A.L. Resveratrol acts as a natural profungicide and induces self-intoxication by a specific laccase. Mol. Microbiol. 2002, 43, 883–894. [Google Scholar] [CrossRef]

	



Slawecki, R.; Ryan, E.; Young, D. Novel fungitoxic assay for inhibition of germination-associated adhesion of Botrytis cinerea and Puccinia recondite spores. Appl. Environ. Microbiol. 2002, 68, 597–601. [Google Scholar] [CrossRef]

	



Dorta, D.J.; Pigoso, A.A.; Mingatto, F.E.; Rodrigues, T.; Prado, I.M.R.; Helena, A.F.C.; Uyemura, S.A.; Santos, A.C.; Curti, C. The interaction of flavonoids with mitochondria: Effects on energetic processes. Chem. Biol. Interact. 2005, 152, 67–78. [Google Scholar] [CrossRef]

	



Laks, P.; Pruner, M. Flavonoid biocides; structure/activity relations of flavonoid phytoalexin analogues. Phytochemistry 1989, 28, 87–91. [Google Scholar]

	



Harborne, J.B.; Williams, C.A. Advances in flavonoid research since 1992. Phytochemistry 2000, 55, 481–504. [Google Scholar]

	



Ververidis, F.; Trantas, E.; Douglas, C.; Vollmer, G.; Kretzschmar, G.; Panopoulos, N. Biotechnology of flavonoids and other phenylpropanoid-derived natural products. Part I: Chemical diversity, impacts on plant biology and human health. Biotechnol. J. 2007, 2, 1214–1234. [Google Scholar]

	



Plochmann, K.; Korte, G.; Koutsiliere, E.; Richling, E.; Riederer, P.; Rethwilm, A.; Schreier, P.; Scheller, C. Structure-activity relationships of flavonoid-induced cytotoxicity on human leukemia cells. Arch. Biochem. Biophys. 2007, 460, 1–9. [Google Scholar] [CrossRef]

	



Hodnick, W.F.; Milosavljevic, E.B.; Nelson, J.H.; Pardini, R.S. Electrochemistry of flavonoids. Relationships between redox potentials, inhibition of mitochondrial respiration and production of oxygen radicals by flavonoids. Biochem. Pharmacol. 1988, 37, 2607–2611. [Google Scholar] [CrossRef]

	



Sakihama, Y.; Cohen, M.F.; Grace, S.C.; Yamasaki, H. Plant phenolic antioxidant and prooxidant activities: Phenolics-induced oxidative damage mediated by metals in plants. Toxicology 2002, 177, 67–80. [Google Scholar] [CrossRef]

	



Mochizuki, M.; Yamazaki, S.; Kano, K.; Ikeda, T. Kinetic analysis and mechanistic aspects of autoxidation of catehins. Biochim. Biophys. Acta 2002, 1569, 35–44. [Google Scholar] [CrossRef]

	



Bors, W.; Heller, W.; Michel, C.; Saran, M. Flavonoids as antioxidants: Determination of radical scavenging efficiencies. Methods Enzymol. 1990, 186, 343–355. [Google Scholar]

	



Muñoz, G.; Hinrichsen, P.; Brygoo, Y.; Giraud, T. Genetic characterisation of Botrytis cinerea populations in Chile. Mycol. Res. 2002, 106, 594–601. [Google Scholar] [CrossRef]

	



Mendoza, L.; Espinoza, P.; Urzúa, A.; Vivanco, M.; Cotoras, M. In vitro antifungal activity of the diterpenoid 7α-Hidroxy-8(17)-labden-15-oic acid and its derivates against Botrytis cinerea. Molecules 2009, 14, 1966–1979. [Google Scholar] [CrossRef]

	



Thevissen, K.; Terras, F.R.G.; Broekaert, W.F. Permeabilization of fungal membranes by plant defensins inhibit fungal growth. Appl. Environ. Microbiol. 1999, 65, 5451–5458. [Google Scholar]






	
Sample Availability: Samples of the compound 5,7-dihydroxy-3,8-dimethoxyflavone are available from the authors.







© 2011 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution license ( http://creativecommons.org/licenses/by/3.0/).







nav.xhtml


  molecules-16-03885


  
    		
      molecules-16-03885
    


  




  





media/file1.png
B —

76 124

Fraction number

48

[ T | | | | | I

rJ_U_EJnUrDUrDOrDO
= = ™ ™M o 9~ —~ -~

ucHqIyul Yol g Jo adejuadiad

<

[ I I I [ [ [

n .3 0 5 O 5 0 rJ O
= iy o ~d | — —

uoniqiyui yamouas jo a3ejuadiadd

Fraction number






media/file7.jpg
350

g o g
8 3 8
& & ]

o
]

150
100

(%) uonndwnsuod uasAxo





media/file10.png





media/file5.png





media/file12.png
A

o

o

=

o

=0,

=0,

00012

,00010

00008

00008

,00004

,0oo02

.00000

o002

00004

00006

Flavone 40 ppm
Control

T T

T T ¥ T ¥ T ¥
0.75 1.00 1.25 1.50

E/N vis Ag/AgCI





media/file3.png
4
1@

N, o
N/ O
a—e _

\ ©

\2“3/

O ¥—0O
£ e
Some NF

\_/

/

HO





media/file9.jpg





media/file4.jpg
o
=1

<

oo ©o < o~ o
(wd) yimous fenasApy

10

Incubation time (days)

100

A —4

(= o o o
® 3 3 &
uoneulwiag
Jo aSejuadiad

=)

In%:ubationstime (hf





media/file8.png
350 -

300 -
250 -
200 -
150 -
100 -
50

(%) uonndwinsuod uadAxp





media/file11.jpg
A

0.00012

0.00010

0.00008

0.00008

0.0000¢

0.00002

0.00000

-0.00002

-0.00004

-0.00000

Flavene 40 ppm
Control

02s

.50

075 100 125 150

EN vis Ag/AGCI





media/file6.png
-)
—i

<

I
o0 (o] < AN o

(wd) ymmous jelj@dAN

Incubation time (days)

100

M

| | |
o o (&) o o
o0 o) < o
uoneulw.uads
JO 98ejuadiad

2 3 4
Incubation time (h)

o





media/file0.jpg





media/file2.jpg





