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Abstract
!

From the methanol root extract of Godmania aes-
culifolia, a species selected in a multinational OAS
program aimed at discovering antifungal com-
pounds from Latin American plants, a new chavi-
col diglycoside (1), the known 3,4-dihydroxy-2-
(3-methylbut-2-en-1-yl)-3,4-dihydronaphtha-
len-1(2H)-one (2), and lapachol (3) were isolated
and characterized by 1D and 2DNMR and MS
techniques. Only 3 exhibited fairly good activity
against a panel of clinical isolates of Cryptococcus
neoformans (MIC50 between 7.8 and 31.2 µg/mL)
and moderate activities against Candida spp. and
non-albicans Candida spp.

Abbreviations
!

MIC: minimum inhibitory concentration
OAS: Organization of the American States
ATCC: American Type Culture Collection

CONICIT: National Council of Science and
Technology, Costa Rica

amu: atomic mass units
CLSI: Clinical and Laboratory Standards

Institute
DMAP: dimethylaminopyridine
DMSO: dimethylsulfoxide
ELSD: evaporative light scattering detector
SCW: sterility control well
GCW: growth control well
LTW: lapachol test well
CFU: colony forming units
MIC80: minimum concentration that inhibits

80% of the fungal growth
MIC50: minimum concentration that inhibits

50% of the fungal growth
AIDS: acquired immunodeficiency
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Introduction
!

Opportunistic fungal infections have been amajor
medical problem during the past two decades es-
pecially involving immunocompromised patients
such as neonates, cancer patients receiving che-
motherapy, organ transplant and burn patients,
apart from those with AIDS [1–3].
Of all available drugs for the treatment of system-
ic and superficial mycoses, only a limited number
are efficacious. They belong to five antifungal
classes, namely azoles, polyenes, pyrimidines, al-
lylamines, and the recently available echinocan-
dins. However, some of these drugs show toxicity,
produce recurrence or lead to the development of
resistance due, in part, to the intensive prophylac-
tic use of antifungal drugs [4,5]. As a conse-
quence, there is a general consensus that a next
Tamayo-Castillo G
generation of new structureswith potent antifun-
gal properties, which could be useful for future
development, are urgently needed.
It is known that Candida spp. are among the lead-
ing causes of nosocomial blood stream infections
worldwide and, although C. albicans was in the
past the usual species associated with invasive in-
fections, at present non-albicans Candida spp.,
such as C. tropicalis, C. glabrata, C. parapsilopsis,
C. krusei, and others, represent more than half of
the isolates of candidiasis in clinical practice
nowadays [3]. In turn, C. neoformans remains an
important life-threatening complication for im-
mune compromised hosts [6], specifically for pa-
tients who have received transplants of solid or-
gans.
As part of a multinational OAS project, plants
from Costa Rica were evaluated for their antifun-
et al. Isolation of Major… Planta Med 2013; 79: 1749–1755



Table 1 1H, 13C, and 2D‑NMR data of 1b in CDCl3 and C6D6.

CDCl3 C6D6

Position δC δH (J Hz) δC δH (J Hz)

1 155.5 s 155.8 s

2/6 116.8 d 6.89 d (8.7) 115.2 d 7.03 d (8.5)

3/5 130.1 d 7.14 d (8.7) 129.9 d 7.17 d (8.5)

4 135.2 s 134.7 s

5/3 116.8 d 6.89 d (8.7) 115.2 d 7.03 d (8.5)

6/2 130.1 d 7.14 d (8.7) 129.9 d 7.17 d (8.5)

7 39.5 t 3.33 d (6.7) 39.3 t 3.26 d (5.6)

8 137.7 d 5.92m 137.6 d 5.94m

9 115.9 t 5.03m 115.5 t 5.02m

1′ 99.2 d 5.01 98.8 d 4.87

2′ 71.4 d 5.19 dd (7.7, 9.4) 71.3 d 5.54 dd (7.9, 9.5)

3′ 72.8 d 5.24 t (9.5) 72.7 d 5.42 t (9.4)

4′ 69.0 d 4.93m 68.9 d 5.02m

5′ 74.0 d 3.83m 73.9 d 3.53m

6′ 68.0 t 3.66 dd 3.86 dd 67.4 t 3.54 q 3.77 d (9.8)

1′′ 100.6 d 4.55 d (9.2 Hz) 100.2 d 4.36 dd (7.7, 5.5)

2′′ 71.3 d 4.96 dd (8.02, 9.2) 71.4 d 5.32 dd (8.36, 5.7)

3′′ 73.0 d 5.11 t (9.4) 73.0 d 5.32

4′′ 68.4 d 5.03m 68.2 d 5.30

5′′ 71.9 d 3.54 dq (9.8, 2.4) 71.8 d 3.02

6′′ 61.9 t 4.08 dd (10.0, 2.3) 4.21 dd (4.8, 7.5) 60.9 t 3.98dd (10.4, 2.0) 4.16dd (8.1, 2.0)

2′-acetyl
" CO 170.5 s – 168.9 s –
" CH3 – – – 1.64 s

3′-acetyl
" CO 170.1 s 169.8 s
" CH3 – – –

4′-acetyl
" CO 169.6 s 169.1 s
" CH3 – – – 1.65 s

2′′-acetyl
" CO 169.4 s 169.7 s
" CH3 – – – –

3′′-acetyl
" CO 170.1 s 169.7 s
" CH3 – – – –

4′′-acetyl
" CO 169.3 s – 169.4 s –
" CH3 20.6 t 1.87 s – –

6′′-acetyl
" CO 170.5 s – 169.9 s –
" CH3 20.7 t 2.69 s – –

Fig. 1 Chemical structures of compounds 1–3.
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gal activity. From this preliminary screening, we selected Godma-
nia aesculifolia (Kunth) Standl. roots (Bignoniaceae) for the isola-
tion of major components and the determination of their anti-
fungal activities. There are few reports on the presence of flavo-
noids and triterpenes in G. aesculifolia [7,8]. In this paper, the
antifungal-guided fractionation of G. aesculifolia extracts led to
the isolation of a new compound and two known compounds
not previously reported in this species, one of them lapachol. Ex-
Tamayo-Castillo G et al. Isolation of Major… Planta Med 2013; 79: 1749–1755
tracts and compounds were tested on a fungal panel of standard-
ized yeasts, hialohyphomycetes and dermatophytes. In addition,
in view of the contradictory anti-yeasts activities reported for la-
pachol [9,10], we tested it on an extended panel of clinical iso-
lates of the most susceptible yeasts with standardized proce-
dures to unequivocally establish its antifungal activity.



Table 2 Minimum inhibitory concentrations (MIC) values (µg/mL) of methanolic extracts from the roots of Godmania aesculifolia and compounds isolated from
them: chavicol diglycoside (1), 3,4-dihydroxy-2-(3-methyl-2-butenyl)-1(2H)-naphtalenone (2), and lapachol (3).

Hialohyphomycetes Dermatophytes

Ca Sc Cn Afu Afl An Mg Tr Tm

G.a. > 1000 > 1000 > 1000 > 1000 > 1000 > 1000  500  250  250

1 > 250 > 250 > 250 > 250 > 250 > 250 > 250 > 250 > 250

2 > 250 > 250 > 250 > 250 > 250 > 250 250   62.5   32

3 > 250 > 250 > 250 > 250 > 250 > 250 > 250 > 250 > 250

Amph B 0.78 0.25 0.78 0.50 0.25 0.78 0.50 0.25 0.78

Terbinafine 1.56 0.39 1.56 3.12 0.39 1.56 3.12 0.39 1.56

Ketoconazole     0.5 0.25     0.5     0.5 0.25     0.5    0.5 0.25    0.5

Ca: Candida albicans ATCC 10231, Sc: Saccharomyces cerevisiae ATCC 9763, Cn: Cryptococcus neoformans ATCC 32264, Afu: Aspergillus fumigatus ATCC 26934, Afl: Aspergillus flavus

ATCC 9170, An: Aspergillus niger ATCC 9029, Mg: Microsporum gypseum C 115 2000, Tr: Trichophyton rubrum C 113 2000, Tm: Trichophyton mentagrophytes ATCC 9972

Fig. 2 Selected HMBC correlations (single head
arrow) and dqfCOSY correlations (double head ar-
row) in C6D6 for compound 1b.
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Results and Discussion

!

The bioassay-guided fractionation of MeOH extract from the
roots of G. aesculifolia led to the isolation of the new chavicol
diglycoside (1) and the known compounds 3,4-dihydroxy-2-
(3-methylbut-2-en-1-yl)-3,4-dihydronaphthalen-1(2H)-one (2)
and lapachol (3) (see l" Fig. 1). Compound 1 was obtained as a
white solid and presented a molecular weight of 458.1788 amu,
which corresponds to the formula C21H30O11. It was peracety-
lated to yield 1b,with a molecular weight of 752.2527 amu, con-
sistent with the presence of seven acetyl groups. The 1H‑NMR
and 13C‑NMR signals (in CDCl3 and C6D6) of 1b are shown inl" Ta-
ble 1. The first deuterated solvent was used for the determination
of coupling constants while the second allowed resolution of sig-
nals and obtention of additional information on coupling con-
stants. The aglycon unit is a p-substituted aromatic ring, which
is in agreement with the AAʼBB’ pattern observed in the 1H‑NMR
spectrum. Substituted carbons at δ 155.8 and 134.7 ppm (in
C6D6) indicated the presence of an oxygenated C-1 and an allyl
group at C-4, respectively. This moiety showed 1H‑NMR signals
at δ 5.02 (m), 5.94 (dq), and 3.26 (d) ppm. The appearance of
two anomeric signals at δ 4.87/98.8 and 4.36/100.2 ppm is con-
sistent with the presence of two sugar units (see l" Fig. 2). HMBC
correlation of the anomeric proton at δ 4.87 ppm (H-1′) with the
carbon signal at 155.8 ppm showed that the first sugar unit is
joined to C-1. A β(1,6)-linkage between the two sugar units could
be determined on the basis of the long correlation observed be-
tween the second anomeric proton at δ 4.36 ppm (H-1″) and the
methylene carbon at 67.4 ppm (C-6′). The coupling constants
measured in C6D6 for H-1′ of about 8Hz (obtained indirectly from
H-2′) and in CDCl3 for H-1″ of 9.2 Hz are in agreement with both
β-linkages (seel" Fig. 2). The remaining coupling constants indi-
cate the presence of glucose units (l" Table 1): H-3′ is observed
in C6D6 as a triplet with a coupling constant of 9.4 Hz, indicating
that H-2′ and H-4′ are in axial orientations. In addition, H2″ and
H3″ present coupling constants in CDCl3 of 8.02 and 9.4 Hz, re-
spectively.
Compounds 2 and 3 were identified by comparison of their 1D-
and 2D‑NMR data with those reported in the literature [11,12].
Regarding antifungal activity, G. aesculifolia MeOH root extracts
exhibited moderate activity against the dermatophytes Micro-
sporum gypseum C115, Trichophyton rubrum C110, and T. menta-
grophytes ATCC 9972 with MICs 250–500 µg/mL. Of the isolated
compounds, only compound 3 showed MICs = 250, 62.5, and
31.2 µg/mL (l" Table 2) against M. gypseum, T. rubrum, and T.
mentagrophytes, respectively.
Lapachol (3) is a common constituent of plants, particularly of
the Bignoniaceae family. It is used as a pH indicator and is com-
mercially available in Brazil as an adjuvant in the treatment of
cancer [12–14]. In addition, it has been reported to exhibit
broad-spectrum antimicrobial properties [15–17].
Previous studies report contradictory results on the antifungal
activity of 3. In an article on this subject, Gonçalves de Lima et
al. [10] observed that 3 was inactive against species of Candida
and Cryptococcus generawhile Guiraud et al. [9] found that 3 pos-
sessed a potent antifungal activity (MIC = 0.03 µg/mL) against C.
albicans, C. parapsilopsis, C. tropicalis, and Cryptococcus neofor-
mans that was comparable to or lower than ketoconazole. Then
Gafner et al. [18] reported that 3was active against Cladosporium
cucumerinum and C. albicans in bioautographic assays. In con-
trast, a recent work [19] reported that 3 was inactive with an
MIC > 1.03 µmol/ml (> 249 µg/mL) against C. albicans, C. tropicalis,
and Crytococcus gatti and displayed higher activities (0.13–
0.26 µmol/mL = 24–48 µg/mL) against Paracoccidiodes spp.
In this work, we carried out a new antifungal evaluation of lapa-
chol by using the standardized methodologies recommended by
CLSI [20,21]. Initially, 3 was tested against a panel of nine stan-
dardized fungal strains that comprised the yeasts C. albicans, S.
Tamayo-Castillo G et al. Isolation of Major… Planta Med 2013; 79: 1749–1755
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cerevisiae, and C. neoformans, the filamentous fungi A. niger,
A. flavus, and A. fumigatus and the dermatophytes M. gypseum,
T. mentagrophytes, and T. rubrum. Results of MIC values are
shown in l" Table 2. Lapachol appears to be active only against
the three tested dermatophytes with MICs between 31.2 and
250 µg/mL, with T. mentagrophytes being the most susceptible
species.
To corroborate the antifungal activity of 3 against Candida spp.
and C. neoformans, it was retested against eleven other Candida
strains, including five clinical isolates of C. albicans and the six
non-albicans Candida spp., all of them provided by CEREMIC
(see General experimental procedures) and against eleven strains
of Cryptococcus neoformans from Malbrán Institute (Buenos
Aires, Argentina). MIC80 and MIC50 were also determined. The
evaluation with a less stringent endpoint such as MIC80 and
MIC50 has shown to consistently represent the in vitro activity of
compounds [20] and often provides a better correlationwith oth-
er measurements of antifungal activity [22,23].
Results showed (l" Table 3) that 3 inhibited the eleven Candida
strains at all concentrations tested, but with percentages of inhi-
bition lower than 100% in 10 out of the 11 strains tested. It only
inhibited 100% of growth of C. albicans (strain C 125) at 250 µg/
mL [MIC (= MIC100) = 250 µg/mL]. These results are consistent
with those shown in l" Table 2 where 3 was inactive (MIC
> 250 µg/mL) against the standardized ATCC strain of C. albicans.
On the other hand, when MIC80 or MIC50 were analyzed, 3 pro-
duced a 50% inhibition of the growth for six out of the eleven
strains of the panel with concentrations between 31.2 and
250 µg/mL and inhibited 80% of the growth of four strains be-
tween 125–250 µg/mL.
Finally, 3 displayed a noteworthy activity against the clinical iso-
lates of C. neoformans (l" Table 4) inhibiting 50% of growth of
eight C. neoformans clinical isolates at concentrations as low as
7.8 and 15.6 µg/mL and only one at 31.2 µg/mL.
Results reported here allow to establish the antifungal properties
of components of G. aesculifolia and provide reliable or unequiv-
ocal results on the antifungal activity of lapachol against impor-
tant human opportunistic pathogenic fungi such as Candida spp.
and C. neoformans.
Materials and Methods
!

General experimental procedures
For preparative HPLC, a custom-made Varian chromatograph
with two detectors (UV Knauer and ELSD Sedex) was used. Sepa-
rations were performed on a flanged MODCOL, filled with C-18
Kromasil (50 × 250mm, 10 µm, volume of 500mL). Final purifica-
tions were also performed on a Waters 996 chromatograph (Mil-
lenium32®), with a Waters PDA detector equipped with a Waters
Prep-Nova Pak HR‑C18 column, 60 Å, 7.8 × 300mm. PTLCs were
prepared in a Camag system (layer thickness: 2mm), using silica
gel 60GF (Merck). Melting points were measured on a Barnsted
electrothermal 9100 apparatus. The NMR spectra of 1–3were re-
corded on a Varian Mercury 400BB MHz spectrometer using the
residual solvent signals as references. 1H‑NMR and 13C‑NMR as-
signments were determined by gHSQC, gHMQC, gHMBC, 1H-1H-
COSY, and dqf-COSY. HR‑ESI‑MS were performed in the Mass
Spectrometry Facility of the University of Illinois at Urbana-
Champaign, USA.
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Plant material
G. aesculifolia was collected in Lomas de Barbudal Biological Re-
serve (Guanacaste) in August 2000 (collection LA2583, voucher
INB0003433719). Voucher specimens were deposited at INBioʼs
Herbarium for future reference, and the plant species was identi-
fied by the taxonomist Luis G. Acosta. Collection of plant species
was authorized by Res. 288.99-OFAU; Res. 288.2003 OFAU, CM
001OT-2005, and CM INBio 012–2006 OT.

Extraction and Isolation
Dried and finely powdered roots (0.283 kg) of G. aesculifoliawere
macerated in 2.5 L 2 × 8 h of EtOH 95% (FANAL). After filtration,
the EtOH extract was concentrated to dryness under reduced
pressure at < 40°C yielding 15.2 g. Twelve grams of the latter
were detannified using 45 g of polyamide resin DPA-6S (Supelco)
and the resulting extract was adsorbed on a filled Diaion HP-20
(37 g) (Supelco) column (5.5 × 9.0 cm), thoroughly washed with
deionized water and finally desorbed with 1.2 L of MeOH (Spec-
trum). The resulting MeOH extract was evaporated to dryness to
obtain 3.3 g of extract, from which 1.9 g was fractionated on a
preparative Varian HPLC collecting 48 fractions of 180mL every
2min (flow rate 90mL/min) using the following step gradient
elution program: EtOH:H2O 10:90 (10min), 20% EtOH
(10min), 30% EtOH (15min), 50% EtOH (20min), 70% EtOH
(15min), 90% EtOH (15min), and finally EtOH 100%. Fractions
10–13 contained compound 1 (298.2mg, 15.7% yield, 40%
EtOH:H2O) as the major component, fractions 20–25 and 26–33
contained mainly compounds 2 (147.7mg, 7.7% yield, 50%
EtOH:H2O), and compound 3 (217.3mg, 11.4% yield, 70% EtOH:-
H2O), respectively. Fractions 10–13 (298.2mg) were fractionated
on a column of 25 × 3 cm filledwith (130 g) RP‑C18 40–63 µm (Li-
chrosorb; Merck), eluted using 50mL of water and then incre-
ments of 10% v/v of mixtures of methanol and water, yielding 8
fractions of 100mL. Fraction 6 (114.7mg, 1:1 MeOH:H2O) was
subsequently purified on a PTLC [CHCl3 :MeOH:H2O 65:35:5;
Rf 0.32; CHCl3 (Laboratorios Arvi)] obtaining 94.2mg of pure 1 as
white crystals (m.p. 151–152°C, 97% purity). PTLC of fractions
20–25 (147.4mg) afforded 2 (30.0mg, CHCl3:MeOH 9:1, Rf:
0.31, 97% purity). PTLC of fractions 26–33 (217mg) afforded 3
(10mg, CHCl3 :MeOH 95:5 Rf: 0.77, 98% purity).
Peracetylation of 1: To assist structure elucidation, 10mg of 1
were peracetylated with 25mL of acetic anhydride (Aldrich),
0.5mL of pyridine (Aldrich) and 3–5 crystals of DMAP (Aldrich),
refluxed for 24 h, concentrated in a rotatory evaporator and re-
dissolved in CHCl3. The organic phase was washed with water,
5% HCl (100mL) and with NaHCO3 0.2% (100mL, Aldrich), and fi-
nally with water (100mL) and evaporated on a rotatory evapora-
tor. The resulting residue (20mg) was further purified on a PTLC
(15mg, CHCl3 :MeOH 9:1, Rf: 0.83, m.p. 190–191°C), yielding 1b
with 97% purity.
Chavicol diglycoside (1): White crystals, TOF‑MS‑ESI: 481.1686
[M + Na]+ calculated for (C21H30O11: 458.1788; C21H30O11Na:
481.16859) m.p. 151–152°C.
Peracetyl chavicol diglycoside (1b): White crystals. TOF‑MS‑ESI:
775.2425 [M + Na]+ calculated for (C35H44O18: 752.2527;
C35H44O18Na: 775.24253); m.p. 190–191°C; 1H‑NMR (400MHz,
CDCl3, and C6D6): l" Table 1; 13C‑NMR (100MHz, CDCl3 and
C6D6) l" Table 1.
3,4-Dihydroxy-2-(3-methylbut-2-en-1-yl)-3,4-dihydronaphtha-
len-1(2H)-one (2): Colorless oil, 1H NMR (400MHz, Chloroform-
d): δ = 8.00 (dd, J = 7.9, 1.3 Hz, H-8), 7.76 (d, J = 7.9 Hz, H-5), 7.63
(td, J = 7.6, 1.4 Hz, H-6), 7.41 (t, J = ddd, J = 7.9, 7.6, 0.9 Hz, H-7),
Tamayo-Castillo G et al. Isolation of Major… Planta Med 2013; 79: 1749–1755
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5.15 (ddt, J = 8.1, 6.8, 1.4 Hz, H-2′), 4.82 (d, J = 9.2 Hz, H-4), 3.84
(dd, J = 11.5, 9.2 Hz, H-3), 2.77 (m, H-1′), 2.63 (dt, J = 11.5, 4.7 Hz,
H-2), 1.70 (s, H-4′), 1.64 (s, H-5′); 1H NMR (400MHz, methanol-
d4): δ = 7.91 (dd, J = 7.9, 1.1 Hz, H-8), 7.79 (dbr, J = 7.82, H-6),
7.66 (td, J = 7.7, 1.4 Hz, H-5), 7.41 (tbr, J = 7.30 H-7), 5.12 (ddd,
J = 7.8, 5.1, 1.2 Hz, H-2′), 4.67 (d, J = 8.8 Hz, H-4), 3.68 (dd, J = 10.9,
8.8 Hz, H-3), 2.77 (m, H-1′), 2.61 (m, H-2), 1.70 (s, H-4′), 1.64 (s,
H-5′); 13C NMR (101MHz, methanol-d4): δ = 199.7 (C-1), 145.4
(C-10), 135.3 (C-6), 134.5 (C-3′), 132.5 (C-9), 128.7 (C-7), 127.6
(C-5), 127.4 (C-8), 122.0 (C-2′), 74.9 (C-3), 74.4 (C-4), 55.0 (C-2),
26.1 (C-4′), 25.1 (C-1′), 18.1 (C-5′).
Lapachol (3): Red orange crystals, 1H NMR (400MHz, methanol-
d4): δ= 8.02 (m, 2H H-5 H-8), 7.76 (td, J = 7.5, 1.5 Hz, H-6), 7.71
(td, J = 7.5, 1.5 Hz, H-5), 5.18 (dddd, J = 7.3, 5.9, 2.8, 1.4 Hz, H-2′),
3.25 (d, J = 7.3 Hz, H-1′), 1.78 (s, H-4′), 1.76 (s, H-5′); 13C NMR
(101MHz, Methanol-d4): δ = 186.4 (C-4), 182.9 (C-1), 156.8 (C-
2), 135.6 (C-6), 134.3 (C-3′), 134.1 (C-7) 133.9 (C-10), 131.7 (C-
9), 127.2 (C-5), 126.9 (C-8), 124.8 (C-3), 121.8 (C-2′), 26.1 (C-5′),
23.4 (C-1′), 18.2 (C-4′).

Antifungal evaluation
Microorganisms and media: Standardized strains from the Amer-
ican Type Culture Collection (ATCC), and CEREMIC, Reference
Center of Mycology, Facultad de Ciencias Bioquímicas y Farma-
céuticas, Suipacha 531-(2000)-Rosario, Argentina were used on
initial screenings: C. albicans ATCC 10231, Saccharomyces cerevi-
siae ATCC 9763, C. neoformans ATCC 32264, Aspergillus flavus
ATCC 9170, A. fumigatus ATTC 26934, A. niger ATCC 9029, Tricho-
phyton rubrum C 110, T. mentagrophytes ATCC 9972, and
M. gypseum C 115.
Clinical isolates from CEREMIC included 11 strains of Candida
spp. (5 of them C. albicans and 6 non-albicans Candida spp.) and
9 strains of C. neoformans. The number of each voucher specimen
is presented in l" Tables 3 and 4. Strains were grown on Sabou-
raud-chloramphenicol agar slants for 48 h at 30°C, maintained
on slopes of Sabouraud-dextrose agar (SDA, Oxoid) and subcul-
tured every 15 days to prevent pleomorphic transformations. In-
ocula of cells or spore suspensions were obtained according to re-
ported procedures and adjusted to 1–5 × 103 cells/spores with
CFU/mL [20,21]. Standard drugs were purchased from Sigma Co.
Antifungal susceptibility testing: MIC of each extract or compound
was determined using broth microdilution techniques following
the guidelines of the CLSI for yeasts and for filamentous fungi
(M-27 A2 and M 38-A,) in 96-well microtiter plates [20,21]. MIC
values were determined in RPMI-1640 (Sigma Chemical Co.)
buffered to pH 7.0 with MOPS. The starting inocula were ap-
proximately 1–5 × 103 CFU/mL. Microtiter trays were incubated
at 35°C for yeasts and hialohyphomycetes and at 28–30°C for
dermatophyte strains in a moist, dark chamber, and MICs were
visually recorded at 48 h for yeasts, and at a time according to
the control fungus growth, for the rest of the fungi. Ketoconazole
(Janssen Pharmaceutical) (> 98%), terbinafine hydrochloride (No-
vartis, Argentina) (> 98%), and amphotericin B (Sigma Chem. Co.)
(~ 80%) were used as standard drugs.
Extracts or compounds stock solutions were diluted twofold with
RPMI from 1000–0.98 or 250–0.98 µg/ml, respectively (final vol-
ume = 100 µL), and a final DMSO concentration ≤ 1%. To eachwell,
100 µL inocula suspension was added with the exception of the
sterility control where sterile water was added to the well in-
stead. MIC was defined as the minimum inhibitory concentration
of the extract or compound, which resulted in total inhibition of
the fungal growth.
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Determination of MIC80 and MIC50: LTWs were prepared with
stock solutions of 3 in DMSO diluted with RPMI to final concen-
trations of 250–0.98 µg/mL. An inoculum suspension (100 µL)
was added to each well (final volume in the well = 200 µL). A
GCW (containing medium, inoculum, the same amount of DMSO
used in LTW, but compound free) and a SCW (sample, medium,
and sterile water instead of inoculum) were included for each
strain tested. Microtiter trays were incubated in a moist, dark
chamber at 35°C, 48 h for Candida and Cryptococcus strains. Mi-
croplates were read in a VERSA Max microplate reader (Molecu-
lar Devices). Amphotericin B, ketoconazole, voriconazole (> 98%)
and itraconazole (> 98%) were used as positive controls (100% in-
hibition). Tests were performed in duplicate. Inhibiton of growth
for each concentration of lapachol was calculated as follows:
% of inhibition: 100 – (OD405 LTW – OD405SCW)/OD405 GCW –

OD405 LCW)
MIC80 and MIC50 were defined as the lowest concentration of a
compound that showed 80% or 50% reduction of the growth con-
trol, respectively.

Supporting information
NMR spectra (1D and 2D experiments) for compound 1 are avail-
able as Supporting Information.
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