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Hexane and ethyl acetate phases of the methanol extract of Macaranga monandra showed fungal
growth inhibition of Colletotrichum acutatum, C. fragariae and C. gloeosporioides, Fusarium
oxysporum, Botrytis cinerea, Phomopsis obscurans, and P. viticola. Bioassay-guided fractionation
led to the isolation of two active clerodane-type diterpenes that were elucidated by spectroscopic
methods (1D-, 2D-NMR, and MS) as kolavenic acid and 2-oxo-kolavenic acid. A 96-well microbioassay
revealed that kolavenic acid and 2-oxo-kolavenic acid produced moderate growth inhibition in
Phomopsis viticola and Botrytis cinerea.
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INTRODUCTION

Owing to the continuing development of microbial resistance
in medicine and agriculture, discovery of new antimicrobial
substances is an important, if not urgent, research objective. In
addition, the desire for safer agrochemicals with less environ-
mental and mammalian toxicity is a major concern. Particularly
desirable is the discovery of novel prototype antimicrobial agents
representing new chemical classes that operate by different
modes of action than existing antifungal agents, and conse-
quently, lack cross-resistance to chemicals currently used (1,
2). Following natural product leads offers an efficient approach
to discovering and optimizing new agrochemicals for disease
control. After screening more than 75 different plants that were
initially selected for their frequent application by indigenous
people in Cameroon for medicinal needs, only two were active
in the assays (Macaranga mondraandPterygota kamerunensis).
Therefore, we began a study to evaluate several natural products
from Macaranga monandrafor their potential use as disease
control agents for filamentous pathogenic fungi of the genera
Colletotrichum,Botrytis,Phomopsis,andFusarium.

Macaranga monandra(L) Muell. et Arg. is a tree found in
equatorial rain forest of Cameroon and other central African
countries. The genusMacarangais represented by 300 species
(3), distributed throughout the tropical and subtropical regions.
Previously reported phytochemicals from the genus include a

prenylstilbene (4-6), flavonoids (7-10), a diterpene (11),
tannins (12), and sterols (13,14).

The presence of diterpene clerodanes or antifungal activity
has not been previously reported inMacaranga monandra. On
the basis of the growth inhibition ofC. acucatum, C. fragariae,
and C. gloeosporioidesin preliminary screens using direct
bioautography, we selected to study in detail the hexane and
EtOAc phases of the MeOH extract ofM. monandra. We now
describe the bioassay-guided isolation, antifungal activity using
a novel 96-well microbioassay method, and the structure
elucidation of kolavenic acid (1) (15) and 2-oxo-kolavenic acid
(2) (16), which areneo-clerodane-type diterpenes previously
isolated from Aristolochia species andEperua purpurea
(15, 16).

MATERIALS AND METHODS

General Experimental. The 1D- and 2D Nuclear Magnetic Reso-
nance (NMR) spectra were obtained on a Bruker Avance DRX 500
FT spectrometer operating at 500 and 125 MHz for1H and 13C
measurements, respectively. The chemical shift values are reported as
parts per million (ppm) units relative to tetramethylsilane (TMS) for
1H- and13C-; coupling constants are in Hz. For the13C NMR spectra,
multiplicities were determined by a DEPT experiment. LC-ESIMS were
obtained using a Bruker BioApex FT-MS in ESI mode.

Chromatographic Conditions. Thin layer chromatography (TLC),
precoated Si 250F plates (Merck); developing system, hexanes/EtOAc/
MeOH (10:10:2); developing temperature, 22°C; visualization, vanillin/
H2SO4 (1 g vanillin in 100 mL of 20% H2SO4 (in EtOH)). Column
chromatography, silica gel 230-400 mesh (Baker).

Plant Material. Macaranga monandra(L) Muell. et Arg. (Euphor-
biaceae) stem bark was collected in Cameroon in the dry season of
1998. The voucher specimen was identified and authenticated by Dr.
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Claire Wirmum of the Medicinal Foods and Plants Research Center
(MEFOPLA) P.O. Box 5164, Nkwen-Bamenda, Cameroon, where
herbarium specimen No. 0179 was deposited.

Extraction. Pulverized plant material (750 g) was extracted with
MeOH at room temperature for 48 h with occasional stirring. The
MeOH extract (10.3 g) was recovered by evaporation, dissolved in
distilled water, and subsequently partitioned, with the following solvents
recovering corresponding yields after separation and evaporation of
the various phases: hexane (1.15 g), CHCl3 (1.0 g), EtOAc (3.98 g),
n-BuOH (2.2 g), and aqueous phase (0.5 g).

Isolation of the Active Principles. Two antifungal clerodane
diterpenes were isolated by bioassay-guided fractionation. Bioautog-
raphy of antifungal compounds on silica gel TLC plates was used to
direct the fractionation and isolation of the active compounds. Hexane
and EtOAc phases, determined by bioautography to contain antifungal
compounds, were pooled together yielding 5.0 g of active crude extract.
The extract was chromatographed on 40-µm silica gel, which was pre-
stabilized with 100 mL of hexane before introducing the plant extract.
The column was eluted with 200 mL of hexane and followed by 200
mL of hexane with increasing volume of EtOAc (from 10 to 50%),
and final wash with 100% of EtOAc afforded five fractions (I-V).
Fractions I (0.759 g) and V (0.0563 g) were the most active and were
further chromatographed using hexanes/EtOAc/MeOH (7:3:0.5) as the
mobile phase. This procedure afforded two active compounds
(Mm-01 (39.9 mg) and Mm-05 (4.1 mg)).

Kolavenic Acid. 1H NMR (500 MHz, in CDCl3): â 5.70 (s, 1H,
H-14), 5.21 (br.s, 1H, H-3), 2.19 (s, 3H, Me-16), 1.60 (s, 3H, Me-18),
1.02 (s, 3H, Me-19), 0.84 (d,J ) 6.0 Hz, 3H, Me-17), 0.76 (s, 3H,
Me-20). 13C NMR (125 MHz): δ 171.9 (s, C-15), 164.9 (s, C-13),
144.8 (s, C-4), 120.8 (d, C-3), 115.1 (d, C-14), 46.9 (d, C-10), 39.2 (s,
C-9), 38.6 (s, C-5), 37.2 (t, C-6), 36.7 (x2) (d, C-8; t, C-12), 35.3 (t,
C-11), 27.8 (t, C-7), 27.3 (t, C-2), 20.3 (q, C-19), 19.8 (q, C-16), 18.7
(t, C-1), 18.6 (q, C-20), 18.3 (q, C-18) and 16.3 (q, C-17). LC-MS:
m/z305 [M + H]+ (positive mode), 303 [M- H]- (negative mode)
(15).

2-Oxo-Kolavenic Acid. 1H NMR (500 MHz, in CDCl3): δ 5.70 (s,
1H, H-3), 5.63 (s, 1H, H-14), 2.11 (s, 3H, Me-16), 1.85 (s, 3H, Me-
18), 1.08 (s, 3H, Me-19), 0.80 (d,J ) 6.3 Hz, 3H, Me-17), 0.78 (s,
3H, Me-20).13C NMR (125 MHz): δ 200.6 (s, C-2), 173.1 (s, C-15),
171.8 (s, C-4), 163.1 (s, C-13), 125.8 (d, C-3), 115.6 (d, C-14), 46.1
(d, C-10), 40.2 (s, C-5), 39.1 (s, C-9) 36.4 (d, C-8), 35.9(x2) (each t,
C-1 and C-12), 35.2 (t, C-6), 34.6 (t, C-11), 27.2 (t, C-7), 19.8 (q,
C-16), 19.3 (q, C-18), 18.7 (q, C-19), 18.1 (q, C-20), 16.1 (q, C-17).
LC-MS: m/z319 [M + H]+ (positive mode), 317 [M- H]- (negative
mode) (16).

Pathogen Production. Isolates ofColletotrichum acutatumSim-
monds,C. fragariaeBrooks, andC. gloeosporioides(Penz.) Penz. &
Sacc. in Penz. were obtained from B. J. Smith, USDA, ARS, Small
Fruit Research Station, Poplarville. MS.Colletotrichum fragariae
(isolate CF63),C. acutatum(isolate CAGoff), andC. gloeosporioides
(isolate CG162) were used for all pathogen and bioautography studies.
Isolate CF63 is one of the most virulent isolates at infecting strawberry
plants and inducing both crown and fruit rot (17). CF63, CAGoff, and
CG162 were used as standard test isolates because of our extensive
knowledge of these isolates and their known fungicide sensitivity
profiles in both bioautography and microtiter formats (18). The three
Colletotrichumspecies were isolated from strawberry (Fragaria xanan-
assaDuchesne).Botrytis cinereaPers.:Fr, was isolated from commercial
grape (VitisVinifera L.) andFusarium oxysporumSchlechtend:Fr from
orchid (Cynochessp.). PhomopsisViticola (Sacc.) Sacc. andP.
obscurans(Ellis & Everh.) Sutton were provided by Mike A. Ellis,
Ohio State University, Wooster, OH. Fungi were grown on potato-
dextrose agar (PDA, Difco, Detroit MI) in 9-cm Petri dishes and
incubated in a growth chamber at 24( 2 °C, under cool-white
fluorescent lights (55( 5 µmols/m2/sec1 light) with a 12-h photoperiod.

Inoculum Preparation. Conidia were harvested from 7-10-day old
cultures by flooding plates with 5 mL of sterile distilled water and
dislodging conidia by softly brushing the colonies with an L-shaped
glass rod. Conidial suspensions were filtered through sterile miracloth
(Calbiochem-Novabiochem Corp., La Jolla CA) to remove mycelia.
Conidia concentrations were determined photometrically (19, 20), from

a standard curve based on the percent of transmittance (%T) at 625
nm and suspensions were then adjusted with sterile distilled water to
a concentration of 1.0× 106 conidia/mL.

Bioautography. Extracts containing antifungal compounds were
indicated by clear zones of fungal growth inhibition directly on
chromatographic plates using modifications of thin-layer chromatog-
raphy (TLC) bioautographic assays (21-23). Extracts were dissolved
as described above. Using a disposable glass micropipet for each
sample, 4µL of each test extract was placed on the TLC plate and
chromatographed in one-dimension. Pure compounds were placed on
the TLC plate in a dose-response format, where final concentrations
were 3.12, 6.25, 12.5, 25.0, 50.0 and 100µg/mL. To detect biological
activity directly on the TLC plate, silica gel plates were sprayed with
either of the three spore suspensions adjusted to a final concentration
of 3.0× 105 conidia/mL with liquid potato-dextrose broth (PDB, Difco,
Detroit, MI) and 0.1% Tween-80. By use of a 50-mL chromatographic
sprayer, each glass, 250-µm Silica Gel GF Uniplate TLC plate with a
fluorescent indicator (Analtech, Inc. Newark DE) was sprayed lightly
(to a damp appearance) three times with the conidial suspension.
Inoculated plates were then placed in a 30× 13× 7.5-cm model 398-C
moisture chamber (Pioneer Plastics, Inc. Dixon, KY) and incubated in
a growth chamber at 24( 1 °C and 12-h photoperiod under 60( 5
µmols/m2/sec1 light. Inhibition of fungal growth was measured 4 d after
treatment. Sensitivity of each fungal species to each test compound
was determined by comparing size of inhibitory zones. Means and
standard deviations of inhibitory zone size were used to evaluate
antifungal activity of solvent fractions and pure compounds. Bioau-
tography experiments were performed multiple times using both dose-
and nondose-response formats. Fungicide technical standards benomyl,
chlorothalonil, and captan (Chem Service, Inc. West Chester, PA) were
used as controls. Benomyl and captan have been the commercial
standards for control of strawberry anthracnose and many other small
fruit diseases. Benomyl and chlorothalonil have been the commercial
standards for control of manyFusariumand Phomopsisdiseases of
ornamental plants.

Microtiter Assay. A standardized 96-well microtiter plate assay
developed for discovery of natural product fungicidal agents (24, 25)
was used to evaluate naturally occurring antifungal agents from
Macaranga monanara.A 96-well microtiter assay was used to
determine sensitivity ofB. cinerea,C. acutatum,C. fragariae, C.
gloeosporioides,F. oxysporum,PhomopsisViticola, and P. obscurans
to the various antifungal agents in comparison with known fungicidal
standards (18). Vinclozolin, captan, and thiabendazole, which represent
three different modes of action, were used as standards in the microtiter
experiments. Each fungus was challenged in a dose-response format
using test compounds where the final treatment concentrations were
0.3, 3.0, and 30.0µM. Nunc MicroWell untreated microtiter plates
(Roskilde, Denmark) were covered with a plastic lid and incubated in
a growth chamber as described previously for fungal growth. Growth
was then evaluated by measuring absorbance of each well at 620 nm
using a Packard Spectra Count microplate photometer (Packard
Instrument Co., Downers Grove, IL). Each fungus was challenged in
a dose-response format using test compounds where the final treatment
concentrations were 0.3, 3.0, and 30.0µM. Microtiter plates were
covered with a plastic lid and incubated in a growth chamber at 24(
1 °C and 12 h photoperiod under 60( 5 µmol light. Growth was then
evaluated by measuring absorbance of each well at 620 nm, using the
microplate photometer.

Microbioassay Experimental Design.Chemical sensitivity of each
fungus was evaluated using 96-well plate microbioassay format. Each
chemical was evaluated in duplicate at each dose (0.3, 3.0, and 30.0
µM). Sixteen wells containing broth and inoculum served as positive
controls, eight wells containing solvent at the appropriate concentration
and broth without inoculum were used as negative controls. Mean
absorbance values and standard errors were used to evaluate fungal
growth at 48 and 72 h, except forP. obscuransand P. Viticola, for
which the data were recorded at 120 h. Means for percent inhibition of
each fungus at each dose of test compound (n ) 4) relative the untreated
positive growth controls (n) 32) were used to evaluate fungal growth
inhibition. Treatments were arranged as a split-plot design replicated
twice in time.
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RESULTS AND DISCUSSION

Bioautography spot applications of MeOH, hexane, EtOAc,
n-BuOH, and aqueous extracts tested in quadruplicate in a matrix
format showed antifungal activity of MeOH, hexane, and EtOAc
(Table 1). Butanol and the aqueous extracts were not active.
Bioassay-guided isolation studies performed on active EtOAc
fraction resulted in the isolation of two compounds. The isolated
compounds were identified as kolavenic acid (1) and 2-oxo-
kolavenic acid (2) by comparison of their1H- and 13C NMR
spectroscopic data with literature values (15, 16). The assign-
ments of1H and 13C signals were also secured by G-DQF-
COSY, G-HMQC, and G-HMBC spectra. The relative stereo-
chemistry of the compounds was ascertained by the NOESY
experiment.

Pure kolavenic acid (1) and 2-oxo-kolavenic acid (2) were
subsequently spotted onto the TLC plate in a dose-response
format, where final concentrations were 100, 50.0, 25.0, 12.5,
6.25, and 3.12µg/mL (Table 2). Clearly defined antifungal
zones indicated that kolavenic acid (1) was more active than
2-oxo-kolavenic acid (2). Moreover, kolavenic acid was more
active againstC. fragariae than C. gloeosporioides, and it
appeared to have an in vitro antifungal threshold between 25
and 50µg/mL.

Microtiter assay of kolavenic acid (1) and 2-oxo-kolavenic
acid (2) showed that1 and2 demonstrated minimal antifungal
activity and were much less active than captan against the two
Phomopsisspecies (Figure 2) andBotrytis cinerea(Figure 3).
Compound1 was slightly more active againstP. Viticola and
showed 50% growth inhibition at 30µM, whereas2 showed

46% growth inhibition. Similar activity was observed inP.
obscurans,where 1 showed 26% growth inhibition and2
demonstrated only 8% growth inhibition. At the highest
concentration (30µM) kolavenic acid and 2-oxo-kolavenic acid
showed approximately the same level of activity with 23%
growth inhibition againstBotrytis cinerea. There was no
significant antifungal activity demonstrated againstC. acutatum,
C. gloeospioides, C. fragarieaor F. oxysporumat concentrations
e30 uM (data not shown).

Kolavenic acid (1) and 2-oxo-kolavenic acid (2) inhibited
growth ofB. cinerea, C. fragariae, andPhomopsisViticola, and
stimulated growth inC. acutatum,C. gloeosporioides, andP.
obscurans,depending on concentration and incubation time. At
low concentrations,1 and 2 caused some stimulation ofP.
obscuransgrowth, and this stimulatory effect was not observed

Table 1. Sensitivity of Colletotrichum acutatum, C. fragariae, and C.
gloeosporioides to Sample Extracts from Macaranga monandra by
Direct Bioautography

solvent fractionsa

Colletotrichum spp. MeOH hexane EtOAc

C. acutatum 20.5b ± 0.10 9.7 ± 0.05 12.8 ± 0.01
C. fragariae 11.0 ± 0.01 9.2 ± 0.11 12.6 ± 0.05
C. gloeosporioides 12.1 ± 0.17 9.0 ± 0.11 10.1 ± 0.12

a Mean dimensions of zones (mm) of fungal inhibition produced by sample
extracts ± SD. b Slightly diffused zone.

Table 2. Dose-Response of Clerodane Diterpenes Shown Relative
Range of Activity against Colletotrichum fragariae and C.
gloeosporioides

C. fragariae C. gloeosporioides

100 µg/mL 50 µg/mL 25 µg/mL 100 µg/mL

1 9.0 8.5 5.0a 9.5
2 8.0a 8.0a 6.0a 0.0a

negative control 0.0 0.0 0.0 0.0

a Indicates inhibition; however, slight or no definite dimensions of zones (mm)
to measure.

Figure 1. Structure of compounds kolavenic acid (1) and 2-oxo- kolavenic
acid (2).

Figure 2. The antifungal activity of kolavenic acid (1) and 2-oxo-kolavenic
acid (2) in comparison to commercial fungicide standards (vinclozolin,
thiabendazole, and captan) at 120 h. Means for percent inhibition are
listed for each concentration (n ) 4) for Phomopsis viticola and P.
obscurans. Positive values indicate growth stimulation, and negative values
indicate growth inhibition relative to untreated control.

Figure 3. The antifungal activity of 1 and 2 in comparison to commercial
fungicide standards (vinclozolin, thiabendazole, and captan). Means for
percent inhibition are listed for each concentration (n ) 4) for Botrytis
cinerea at 48 h and Colletotrichum fragariae at 72 h. Positive values
indicate growth stimulation, and negative values indicate growth inhibition
relative to untreated control.
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in C. fragariae or B. cinerea.Growth stimulation caused by
low levels of potentially toxic compounds is termed “hormesis”
(26) and occurs often in in vitro antifungal assays (25).

The structural similarity of these two compounds (kolavenic
acid and 2-oxo-kolavenic acid) and the resemblance in their
antifungal activities point to the fact that the activity could be
due to the hydrogenation of the double bonds at positions C3

and C13. Because these plant acids have relatively low antifungal
activity (<50% inhibition) at 3µM concentrations, and we
believe that they probably do not have a direct defensive role
against fungal attack inM. monandra. While they are found on
the stem bark, they are possibly there as nuisance compounds
or indirect deterrents to potential plant pathogens.M. monandra,
like other members of the Euphorbiaceae may be susceptible
to certain diseases, such as gray mold on poinsettia,Euphorbia
pulcherrimacaused byBotrytis cinerea, and may not possess
sufficient endogenous defense chemicals to prevent its successful
pathogens. While these compounds may not have a demon-
strated significant role in plant defense, plant acids have not
been reported on for antifungal activity, and this study suggests
that such plant acids may constitute a source for future
evaluations of new antifungal agents.
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