
HAL Id: hal-02405528
https://hal.science/hal-02405528

Submitted on 11 Dec 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

The Search for Antifungals from Amazonian Trees: A
Bio-Inspired Screening

Charlie Basset, Véronique Eparvier, Laila Espindola

To cite this version:
Charlie Basset, Véronique Eparvier, Laila Espindola. The Search for Antifungals from Amazonian
Trees: A Bio-Inspired Screening. Natural Product Communications , 2015, 10 (4), pp.605-608.
�10.1177/1934578X1501000417�. �hal-02405528�

https://hal.science/hal-02405528
https://hal.archives-ouvertes.fr




 
 

 
 
 
 
 
 

 
 
 

INFORMATION FOR AUTHORS 
 
Full details of how to submit a manuscript for publication in Natural Product Communications are given in Information for Authors on our Web site 
http://www.naturalproduct.us. 
 
Authors may reproduce/republish portions of their published contribution without seeking permission from NPC, provided that any such republication is 
accompanied by an acknowledgment (original citation)-Reproduced by permission of Natural Product Communications. Any unauthorized reproduction, 
transmission or storage may result in either civil or criminal liability. 
 
The publication of each of the articles contained herein is protected by copyright. Except as allowed under national “fair use” laws, copying is not permitted by 
any means or for any purpose, such as for distribution to any third party (whether by sale, loan, gift, or otherwise); as agent (express or implied) of any third 
party; for purposes of advertising or promotion; or to create collective or derivative works.  Such permission requests, or other inquiries, should be addressed 
to the Natural Product Inc. (NPI). A photocopy license is available from the NPI for institutional subscribers that need to make multiple copies of single 
articles for internal study or research purposes.  
 
To Subscribe:  Natural Product Communications is a journal published monthly. 2015 subscription price: US$2,595 (Print, ISSN# 1934-578X); US$2,595 
(Web edition, ISSN# 1555-9475); US$2,995 (Print + single site online); US$595 (Personal online). Orders should be addressed to Subscription Department, 
Natural Product Communications, Natural Product Inc., 7963 Anderson Park Lane, Westerville, Ohio 43081, USA. Subscriptions are renewed on an annual 
basis. Claims for nonreceipt of issues will be honored if made within three months of publication of the issue.  All issues are dispatched by airmail throughout 
the world, excluding the USA and Canada.  

NPC Natural Product Communications

 
EDITOR-IN-CHIEF         
 

DR. PAWAN K AGRAWAL           
Natural Product Inc.  
7963, Anderson Park Lane, 
Westerville, Ohio 43081, USA 
agrawal@naturalproduct.us 

 
EDITORS 
 

PROFESSOR ALEJANDRO F. BARRERO 
Department of Organic Chemistry, 
University of Granada, 
Campus de Fuente Nueva, s/n, 18071, Granada, Spain 
afbarre@ugr.es 
 

PROFESSOR ALESSANDRA BRACA  
Dipartimento di Chimica Bioorganicae Biofarmacia, 
Universita di Pisa, 
via Bonanno 33, 56126 Pisa, Italy 
braca@farm.unipi.it  
 

PROFESSOR DE-AN GUO 
State Key Laboratory of Natural and Biomimetic Drugs, 
School of Pharmaceutical Sciences, 
Peking University, 
Beijing 100083, China 
gda5958@163.com 
 
 

PROFESSOR YOSHIHIRO MIMAKI 
School of Pharmacy, 
Tokyo University of Pharmacy and Life Sciences, 
Horinouchi 1432-1, Hachioji, Tokyo 192-0392, Japan 
mimakiy@ps.toyaku.ac.jp 
 

PROFESSOR STEPHEN G. PYNE 
Department of Chemistry 
University of Wollongong 
Wollongong, New South Wales, 2522, Australia 
spyne@uow.edu.au 
 

PROFESSOR MANFRED G. REINECKE 
Department of Chemistry, 
Texas Christian University, 
Forts Worth, TX 76129, USA 
m.reinecke@tcu.edu 
 

PROFESSOR WILLIAM N. SETZER 
Department of Chemistry 
The University of Alabama in Huntsville 
Huntsville, AL 35809, USA 
wsetzer@chemistry.uah.edu 
 

PROFESSOR YASUHIRO TEZUKA 
Faculty of Pharmaceutical Sciences  
Hokuriku University  
Ho-3 Kanagawa-machi, Kanazawa 920-1181, Japan  
y-tezuka@hokuriku-u.ac.jp 
 

PROFESSOR DAVID E. THURSTON  
Department of Pharmaceutical and Biological Chemistry,  
The School of Pharmacy,  
University of London, 29-39 Brunswick Square,  
London  WC1N 1AX, UK 
david.thurston@pharmacy.ac.uk 

ADVISORY BOARD 
 

Prof. Viqar Uddin Ahmad 
Karachi, Pakistan 
 

Prof. Giovanni Appendino 
Novara, Italy 
 

Prof. Yoshinori Asakawa 
Tokushima, Japan 
 

Prof. Roberto G. S. Berlinck 
São Carlos, Brazil 
 

Prof. Anna R. Bilia 
Florence, Italy 
 

Prof. Maurizio Bruno 
Palermo, Italy 
 

Prof. César A. N. Catalán 
Tucumán, Argentina 
 

Prof. Josep Coll  
Barcelona, Spain 
 

Prof. Geoffrey Cordell  
Chicago, IL, USA 
 

Prof. Fatih Demirci 
Eskişehir, Turkey 
 

Prof. Ana Cristina Figueiredo 
Lisbon, Portugal 
 

Prof. Cristina Gracia-Viguera 
Murcia, Spain 
 

Dr. Christopher Gray 
Saint John, NB, Canada 
 

Prof. Dominique Guillaume 
Reims, France 
 

Prof. Duvvuru Gunasekar 
Tirupati, India 
 

Prof. Hisahiro Hagiwara 
Niigata, Japan 
 

Prof. Tsukasa Iwashina 
Tsukuba, Japan 
 

Prof. Leopold Jirovetz 
Vienna, Austria 
 

Prof. Vladimir I Kalinin 
Vladivostok, Russia 
 

Prof. Phan Van Kiem 
Hanoi, Vietnam 
 
 

 

Prof. Niel A. Koorbanally 
Durban, South Africa 
 

Prof. Chiaki Kuroda 
Tokyo, Japan 

 

Prof. Hartmut Laatsch 
Gottingen, Germany 
 

Prof. Marie Lacaille-Dubois  
Dijon, France 
 

Prof. Shoei-Sheng Lee  
Taipei, Taiwan  
 

Prof. Imre Mathe  
Szeged, Hungary 
 

Prof. M. Soledade C. Pedras 
Saskatoon, Canada 
 

Prof. Luc Pieters  
Antwerp, Belgium 
 

Prof. Peter Proksch  
Düsseldorf, Germany 
 

Prof. Phila Raharivelomanana 
Tahiti, French Polynesia 
 

Prof. Luca Rastrelli 
Fisciano, Italy 
 

Prof. Stefano Serra  
Milano, Italy 
 

Prof. Monique Simmonds  
Richmond, UK 
 

Dr. Bikram Singh 
Palampur, India 
 

Prof. John L. Sorensen 
Manitoba, Canada 
 

Prof. Johannes van Staden 
Scottsville, South Africa 
 

Prof. Valentin Stonik  
Vladivostok, Russia 
 

Prof. Winston F. Tinto 
Barbados, West Indies  
 

Prof. Sylvia Urban 
Melbourne, Australia 
 

Prof. Karen Valant-Vetschera 
Vienna, Austria 
 

 

HONORARY EDITOR 
 

PROFESSOR GERALD  BLUNDEN 
The School of Pharmacy & Biomedical Sciences, 

University of Portsmouth, 
Portsmouth, PO1 2DT U.K. 

axuf64@dsl.pipex.com 



 
 

The Search for Antifungals from Amazonian Trees: A Bio-Inspired 
Screening 
 
Charlie Basseta,b*, Véronique Eparvierc  and Laila S. Espindolab 
 
aCNRS, UMR ECOFOG, Université des Antilles et de la Guyane, 97300 Cayenne, French Guiana, France 
 

bLaboratório de Farmacognosia, Universidade de Brasília, Brasília, Brazil 
 

cCNRS – Institut de Chimie des Substances Naturelles, 1 avenue de la Terrasse, 91198 Gif-sur-Yvette cedex, 
France 

 
basset.charlie@gmail.com 
 
 

Received: December 9th, 2014; Accepted: January 21st, 2015 
 

 
  
The anti-fungal activity of 60 extracts from 15 tree species in the French Guiana rainforest against human and wood-rotting fungi was studied. In this way    
(+)-mopanol (1) was isolated from the ethyl acetate extract of Peltogyne sp. (Caesalpiniaceae) wood. This work demonstrated that (1) the natural durability of 
wood can indeed guide the search for antifungal agents, (2) that extracts selected in this bio-inspired process exhibit a broad spectrum of antifungal activity and 
(3) that the method allows for the isolation of strongly active antifungals. 
 
Keywords:  Bio-inspired screening, Antifungals, Natural wood durability, Peltogyne sp., (+)-Mopanol. 
 
 
 
Fungal diseases are one of the most serious public health problems 
in the world, especially for immunocompromised patients, but the 
therapeutic arsenal for treating these infections appears to be limited 
[1]. However, natural products provide a wide variety of bioactive 
molecules [2] and many antifungal compounds have been isolated 
from plants [3, 4]. 
 
Previously [5] we proposed that the non-commercial waste from 
durable woods in French Guiana could provide an important source 
of extracts containing secondary metabolites which may be useful 
against human pathogenic fungi. Trees have acquired chemical 
defences against attackers such as lignivorous fungi [6], and those 
compounds may be similarly active towards plants or human 
pathogens [7, 8]. The present work evaluated the selection of 
Amazonian trees species based on natural wood durability data to 
facilitate the discovery of antifungal agents.  
 
Sixty samples, 30 obtained from extraction with ethyl acetate and 
30 with methanol, were produced from 15 Amazonian species. 
Natural durability of each species’ wood was established on the 
basis of studies in the literature as (1) very durable, (2) durable, (3) 
moderately durable, and (4) weakly durable [9]. All extracts were 
tested against T. rubrum LMGO 4218 and C. albicans ATCC 
10231. Extracts with MIC ≤ 256 μg/mL were considered active.  
 
Of the 28 extracts (46.7%) that showed antifungal activity against at 
least one of the strains tested, extracts from the woody parts (wood, 
roots and adventitious roots) presented a greater percentage of 
activity (56.3%; 18 out of 32) compared with those from the bark 
(35.7%; 10 out of 28). Figure 1 presents the relative proportion of 
extracts for each MIC value according to wood class durability. In 
this selection, the natural durability of the wood affects the 
probabilities of obtaining more active compounds in plant extracts. 
Hence, 56% of the extracts produced from class 1 species are  
active (MIC ≤ 256 µg/mL); 40%, from class 2; 38%, from class 3; 
and 0%, from class 4. A Pearson's chi-square test at the risk 
threshold α = 0.01 confirmed the chance of obtaining an active 
extract is influenced by the durability classes of the species. 

 
Figure 1: Distribution of antifungal activities according to the wood class durability.  

 
Ten extracts with MIC value ≤ 64 g/mL against T. rubrum LMGO 
4218 and/or C. albicans ATCC 10231 were then evaluated against 
three clinical isolates of dermatophytes (Microsporum gypseum 
LMGO 533, Microsporum canis LMGO 02, and Trichophyton 
mentagrophytes LMGO 09), four yeasts (Candida parapsilosis 
ATCC 22019, Candida glabrata LMGO 44, Candida krusei LMGO 
174, and Cryptococcus neoformans LMGO 02) and two wood-
rotting fungi (Pycnoporus sanguineus L. (Murrill) 270 (CTFT) and 
Coriolus versicolor (L.ex Fr) Quélet CTB 863. The MIC (g/mL) 
values obtained are reported in table 1. 
 
We conducted a non-parametric Kruskal-Wallis test with a risk 
threshold α = 0.01 to compare the MIC median values of the 
extracts against all dermatophytes, yeasts and wood-rotting fungi 
used in the assay. The results showed no significant difference 
between the three categories of fungi (p > 0.05). This analysis 
demonstrated the tested fungi exhibited equivalent sensitivity to the 
extracts. As a conclusion, our plant extracts have a broad spectrum 
of antifungal activity. 
 
Several extracts showed antifungal activities, such as the Humiria 
balsamifera wood methanolic extract and the Spirotropis longifolia 
adventicious roots ethyl acetate extract. Further fractionation of the 
former  is under study while results of the latter are published [4].  
This paper focusses on the Peltogyne sp. wood ethyl acetate extract. 
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Table 1: Antifungal activities of plant extracts against human and plant pathogen fungi (MIC, in g/mL).  

Scientific Name Plant part Extraction 
solvent 

Dermatophytes  Yeasts  Lignivorous 

M. g. 
LMGO 
533a 

M. c. 
LMGO 
02 

T. m. 
LMGO 
09 

 C. p. 
ATCC 
22019 

C. g. 
LMGO 
44 

C. k.  
LMGO 
174 

C. n. 
LMGO 
02 

 Pycnoporus 
sanguineus 

Trametes 
versicolor 

Humiria balsamifera wood MeOH 32 128 256  4 32 8 32  32 16 
wood AcOEt 32 > 256 128  8 64 16 32  32 64 

Licaria guianensis wood MeOH 32 16 32  8 64 8 64  64 8 

Manilkara huberi wood MeOH 128 > 256 > 256  > 256 > 256 256 > 256  128 32 
Peltogyne sp. wood AcOEt > 256 64 128  128 8 64 64  128 64 
Spirotropis longifolia wood MeOH 64 64 256  > 256 > 256 8 > 256  32 64 

roots AcOEt 128 256 > 256  256 > 256 8 > 256  256 32 
adventitious roots MeOH 256 > 256 > 256  > 256 > 256 64 > 256  > 256 32 

adventitious roots AcOEt 32 64 64  64 128 8 64  8 32 

Zygia racemosa wood MeOH 64 > 256 64  > 256 64 64 64  64 32 
Itraconazole 0.5 4 0.  0.25 1 2 1  1 0.5 

a M. g.: Microsporum gypseum, M. c.: Microsporum canis, T. m.: Trichophyton mentagrophytes, C. p.: Candida parapsilosis, C. g.: Candida glabrata, C. k.: Candida krusei, C. n.: 
Cryptococcus neoformans. 

 
Bioguided fractionation of the Peltogyne sp. wood ethyl acetate 
extract gave (+)–mopanol (1, figure 2), which was tested against   
14 strains of human pathogenic fungi (six dermatophytes and    
eight yeasts) and a human MRC5 cell line. Antifungal positive 
controls and mopanol exhibited IC50 values greater than 128 μg/mL, 
while Docetaxel showed an IC50 less than 0.25 μg/mL on MRC5 
cells. Except for one strain, mopanol showed strong activity   
against Candida species with MIC values ranging from 0.5 to 4 
µg/mL, and excellent antifungal selectivity compared with 
cytotoxicity on MRC5 cells (Selectivity index ranging from > 32 to 
> 256) (Table 2).  
 
Table 2: Antifungal and cytotoxic activities of mopanol (MIC and IC50, in g/mL). 
 

Strain (1) Fluconazole Itraconazole Selectivity indexb

M. c. LMGO 25a 32 2 0.5 > 4 
M. c. LMGO 22 64 > 64 > 16 > 2 
M. g. LMGO 10 64 16 0.25 > 2 
T. r. LMGO 08 > 64 > 64 > 16 > 2 
T. r. LMGO 06 16 2 0.25 > 8 
T. m. LMGO 09 64 > 64 32 > 2 
C. a. LMGO 102 0.5 > 64 > 16 > 256 
C. a. ATCC 10231 2 4 0.5 > 64 
C. p. ATCC 22019 1 4 0.5 > 128 
C. p. LMGO 05 1 4 0.5 > 128 
C. g. LMGO 44 32 8 0.5 > 4 
C. t. LMGO 35 4 1 0.25 > 32 
C. k. LMGO 174 1 > 64 16 > 128 
C. gattii LMGO L1 > 64 2 0.25 > 2 

a M. g.: Microsporum gypseum, M. c.: Microsporum canis, T. r.: Trichophyton rubrum, 
T. m.: Trichophyton mentagrophytes,C. a.: Candida albicans, C. p.: Candida 
parapsilosis, C. g.: Candida glabrata, C. t.: Candida tropicalis, C. k.: Candida krusei, 
C. gattii.: Cryptococcus gattii. 
b Calculated on MRC5 cells (IC50/MIC) 

 

 
Figure 2: Structure of (+)-mopanol, isolated from Peltogyne sp. 

 
Mopanol is a common secondary metabolite of the genus Peltogyne 
[10] but, to the best of our knowledge, no antifungal or cytotoxic 
properties have been described previously from this genus. 
 
It is clear from this study that among tree species in French Guiana, 
the probability of detecting antifungal activity is higher when the 
species is highly durable. 

The extracts from this study have a broad spectrum of action, as 
they are widely active on dermatophytes, yeasts and lignivorous 
fungi (p > 0.05). Therefore, it is efficient to look for new 
antifungals by (i) selecting species that produce durable wood and 
(ii) evaluating the antifungal activities of the extracts on a small 
number of fungal strains. Bio-inspired screening has allowed us to 
select Peltogyne sp. for further investigation, and the wood of this 
species could be highly durable due to the antifungal agent (+)-
mopanol (1). This active compound presents very good antifungal 
selectivity towards C. albicans and other Candida ssp., especially, 
against C. krusei - one of the species responsible for antifungal 
resistance [11] (MIC fluconazole > 64 g/mL; MIC itraconazole = 
16 g/mL: MIC mopanol = 1 g/mL). Mopanol also can be 
considered a lead compound for antimycotic agents development.  
 
Experimental 
 

General experimental procedures: Filtrations were carried out on 
polyamide columns (Chromabond® 6 mL). The optical rotations 
were measured on an Anton Paar MCP 300 polarimeter. Nuclear 
Magnetic Resonance (NMR) spectra were recorded on a Varian 
400MR spectrometer equipped with a 5 mm Auto X PGF 1H/15N-
31P inverse detection probe. NMR spectra were recorded at 400 
MHz for 1H and at 100.6 MHz for 13C. HR-ESI-MS measurements 
were carried out on a quadrupole-time-of-flight instrument 
(UltrOTOF-Q, BrukerDaltonics, Billerica, MA). Analytical HPLC 
was performed on a Supelco Discovery® C18 column (150 × 4.6 
mm, 5 µm) using a Waters system equipped with a W600 pump, a 
W2996 photodiode array absorbance detector, and a W2420 
evaporative light scattering detector. The flow rate was set to 1 
mL/min using a linear gradient of water mixed with an increasing 
proportion of acetonitrile. Separations were performed on a Supelco 
Discovery® C18 column (150 × 21.2 mm, 5 µm) using a Waters 
system equipped with a W600 pump and a W2487 dual wavelength 
UV detector. The samples were injected manually through a 
Rheodyne injector at a flow rate of 15 mL/min, and the effluents 
were monitored at 214 and 254 nm. 
 
Microorganisms, cells and culture media: The species of human 
pathogenic microorganisms used in this study were the 
dermatophytes Trichophyton rubrum (T.r. LMGO 06 and T.r. 
LMGO 08), Microsporum gypseum (M.g. LMGO 10 and M.g. 
LMGO 533), Microsporum canis (M.c. LMGO 22 and M.c. LMGO 
25), and Trichophyton mentagrophytes (T.m. LMGO 09), and the 
yeasts used were Candida albicans (C.a. ATCC 10231 and C.a. 
LMGO 102), Candida parapsilosis (C.p. ATCC 22019 and C.p. 
LMGO 05), Candida glabrata (C.g. LMGO 44), Candida tropicalis 
(C.t. LMGO 35), Candida krusei (C.k. LMGO 174), Cryptococcus 
gattii (C.g. LMGO L1), and Cryptococcus neoformans (C.n. LMGO 
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02). LMGO (Laboratório de Micologia de Goiás) strains are clinical 
isolates from patients at the Federal University of Goiás Hospital, 
Brazil. Strains were maintained on potato dextrose agar. The 
lignivorous fungi used were Pycnoporus sanguineus L. (Murrill) 
270 (CTFT) and Trametes versicolor (L.ex Fr) Quélet CTB 863, 
provided by the UR 40 CIRAD, Tropical Wood team, Montpellier, 
France. All strains were cultured onto an appropriate new agar plate 
at 28 °C for 2 days (yeasts) or 5 days (filamentous and lignivorous 
fungi) prior to any antimicrobial test. The strain used in the 
cytotoxicity assays was MRC5 normal lung tissue cells, which were 
provided by the Ciblothèque Cellulaire of ICSN, Gif-sur-Yvette, 
France. 
 
Plant material: Plant material (wood, roots, adventitious roots, 
stem and bark) of 15 durable species belonging to 10 families was 
collected at the Piste de Saint-Elie, Sinnamary, and in Regina, 
French Guiana. V. Eparvier and M.F. Prevost (IRD) carried out 
botanical identifications. The voucher specimens were deposited in 
the Herbarium of French Guiana (CAY). Dates of collection, 
voucher numbers, uses and durability class of each species are 
available in the supporting information (Table 1S, supplementary 
data). 
 
Extraction: Plant material was dried at room temperature and 
ground into powder. From each sample, 200 g was extracted three 
times at room temperature for 48 h with ethyl acetate (3 × 500 mL) 
and then twice for 48 h with methanol (2 × 500 mL). AcOEt and 
MeOH solvents were distilled before use. The extracting solution 
were recovered by filtration, concentrated to dryness under reduced 
pressure at a temperature below 30 °C and stored at - 20 °C. 
 
Antifungal evaluation: The standard microdilution test as 
described by the Clinical and Laboratory Standards Institute 
guidelines (M27-A3 and M38-A2) was used to determine minimal 
inhibition concentrations (MIC) against dermatophyte fungi and 
yeast [12]. The protocol for dermatophyte fungi was used for 
lignivorous ones. Crude extracts and pure compounds were tested at 
concentrations ranging from 512 to 1 μg/mL and from 256 to 0.5 
μg/mL, respectively. Fluconazole and itraconazole were used as 
positive controls and were tested at concentrations between 64 and 
0.125 μg/mL and between 16 and 0.031 μg/mL, respectively. The 
microplates were incubated at 32 °C, and results were observed 
after 5 days for filamentous and lignivorous fungi and after 2 days 
for yeasts. The MIC values (table 2S, supplementary data) refer to 

the lowest concentration preventing visible growth in the wells. All 
assays were conducted in duplicate. 
 
Cytotoxicity evaluation on mammalian cells: The cytotoxicity 
towards MRC5 cells was monitored at the Laboratoire de Cultures 
Cellulaires, ICSN, Gif-sur-Yvette, France [13]. (+)-Mopanol (1) 
was tested against MRC5 cells at concentrations between 128 and 
0.25 µg/mL, and cell growth was tested after 24 h incubation, 
allowing us to calculate the IC50 and evaluate the antifungal 
selectivity (IC50/MIC). Docetaxel (Sigma) was used as a positive 
control and tested at concentrations between 128 and 0.25 μg/mL 
against MRC5 cells. 
 
Bioguided isolation of (+)-mopanol (1) from Peltogyne sp.: The 
ethyl acetate of extract Peltogyne sp. wood (700 mg) was filtered 
through a polyamide column and eluted with 2x5 mL of methanol. 
After evaporation, 376 mg were obtained from the first elution and 
100 mg from the second. The 376 mg were fractionated by semi-
preparative HPLC (gradient water/acetonitrile), and 15 fractions 
(F1-F15) were obtained. F14 showed good antifungal activities and 
allowed the isolation of compound 1 (10 mg, 0.0005%). NMR and 
optical data for this compound are in agreement with previously 
published data [14, 15]. 
 
Statistical analyses: The influence of durability class on antifungal 
activities of extracts was analyzed by the Pearson's chi-square test. 
The homogeneity of the MIC values obtained for the 3 classes of 
fungi (dermatophytes, yeasts and lignivorous ones) was analyzed by 
the Kruskal-Wallis nonparametric test. MIC values were classified 
according to R1 = 4 μg/mL, R2 = 8 μg/mL, R3 = 16 μg/mL, R4 = 32 
μg/mL, R5 = 64 μg/mL, R6 = 128 μg/mL, R7 = 256 μg/mL and R8 ≥ 
512 μg/mL. For both tests, p < 0.01 was considered significant 
(Statistical Package for the Social Sciences SPSS-16). 
 
Supplementary data: Information on the 15 plants studied (family, 
date of collection, voucher number and durability class, table S1) 
and the antifungal activity of extracts (MIC in µg/mL, table S2) can 
be obtained in the supplementary data section. Chemical data of 
compound (1) are also available in the supplementary data section. 
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