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Abstract In a screening for natural products with mosquito
larvicidal activities, the endophytic fungus Podospora sp.
isolated from the plant Laggera alata (Asteraceae) was
conspicuous. Two xanthones, sterigmatocystin (1) and
secosterigmatocystin (2), and an anthraquinone derivative
(3) 13-hydroxyversicolorin B were isolated after fermenta-
tion on M2 medium. These compounds were characterised
using spectroscopic and X-ray analysis and examined
against third instar larvae of Anopheles gambiae. The
results demonstrated that compound 1 was the most potent
one with LC50 and LC90 values of 13.3 and 73.5 ppm,
respectively. Over 95% mortality was observed at a
concentration 100 ppm after 24 h. These results compared
farvourably with the commercial larvicide pylarvex® that
showed 100% mortality at the same concentration. Com-
pound 3 was less potent and had an LC50 of 294.5 ppm and
over 95% mortality was achieved at a concentration of

1,000 ppm. Secosterigmatocystin (2) revealed relatively
weak activity and therefore LC values were not determined.

Introduction

Mosquitoes are the major vector for the transmission of
malaria, dengue fever, yellow fever, filariasis and several
other diseases (James 1992). Mosquitoes also cause allergic
responses on humans that include skin and systemic
reactions such as angioedema (Peng et al. 1999). Most of
the widely used vector interruption methods are synthetic
insecticide-based. However, they not only affect the non-
target population but can also constantly increase mosquito
resistance to the insecticide (Wattal et al. 1981). Therefore,
the development of techniques that would provide more
efficient insect control, do not have any negative effects on
the non-target population, and are easily biodegradable is
important (Redwane et al. 2002).

Fungal endophytes normally colonise living internal
tissues of plants without causing any obvious negative
effects or external symptoms. They may offer significant
benefit to their host plants by producing secondary metab-
olites that provide protection and survival advantages to the
plants, for example by providing plant growth regulators,
antimicrobials, antivirals and insecticides or even mediating
resistance to some types of abiotic stress (Stone et al. 2004).
As less investigated microorganisms hidden within host
plants, endophytes are a rich and reliable source of
potentially bioactive metabolites with huge medical, agricul-
tural and industrial potentials (Tan and Zou 2001).

We describe here the isolation and larvicidal activity of
two xanthones, sterigmatocystin (1), secosterigmatocystin
(2), and the anthraquinone derivative 13-hydroxyversicolorin
B (3) from the culture broth of the endophytic Podospora sp.
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isolate LAF33. Compound 1 has been reported to be a potent
inducer of topoisomerase II-mediated DNA cleavage indi-
cating that it is also a potential antitumor agent (Asai et al.
1999).

Methods

Fungal material

The Podospora sp. was isolated from the Kenyan medicinal
plant Laggera alata (Asteraceae) collected from the edges
of the Mau forest in the Rift Valley Province. The fungal
isolate did not possess any morphological features in Petri
dish culture and was therefore identified by internal
transcribed spacer (ITS) sequencing. The ITS sequence
shows homologies to different Podospora anserina species
found in the GenBank database. To P. anserina ATCC
MYA-4625 (GenBank Accession Nr. GU327641) and ATCC
MYA-4624 (GenBank Accession Nr. GU327640), the
homology is 99.6%. To several other P. anserina species,
the homology ranges between 96.6% and 99.6% (GenBank
Accession Nrs. GQ922514-GQ922518). Although the genus
Podospora is well known for growing on dung of
herbivorous animals (Maheshwari 2005) representatives of
this genus were isolated as endophytes from trees (Petrini
and Fisher 1990), grass (Marquéz et al. 2007) as well as
herbaceous plants (Caretta et al. 1999) and soil (Stchigel et
al. 2002).

A culture of this fungus has been deposited at the Institute
of Organic and Biomolecular Chemistry, University of
Göttingen, Germany.

Fermentation and isolation

The endophytic Podospora sp. was cultivated in 20 of 1-L
Erlenmeyer flasks each containing 250 mLM2-medium
(5 g malt extract, 2 g yeast extract and 2 g glucose per litre
tap water, adjusted to pH 78 and autoclaved at 129 °C for
20 min). The flasks were inoculated with approximately 1×
1 cm pieces of a 4-day-old culture of the fungus on M2 agar
kept at 28 °C and sealed with pieces of cloth to permit
aerobic growth. After incubation for 4 days on a linear
shaker at 28 °C and 95 rpm, the culture broth (5 L) was used
to inoculate a Braun Biostat U fermentor (Braun,
Melsungen, Germany) containing 20 L of M2 medium.
The fermentation was done at the following conditions:
stirring rate 200 rpm, 28 °C, pH regulation 6.5±1.5,
aeration 1.5 m3/h. The culture was filtered through Celite
to obtain the aqueous filtrate and mycelium. The latter was
extracted exhaustively with EtOAc (extract EA) and
MeOH (extract EB). The aqueous filtrate was passed
through an Amberlite XAD-16 column (8×120 cm) and
the adsorbed material eluted with MeOH (extract EC). The
solvents were removed by vacuum rotary evaporation to
afford a brown extract in each case.

The EtOAc fraction EA was separated by column
chromatography on silica gel with MeOH-CH2Cl2 (1:9) to
yield five major fractions 1–5 according to their TLC
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patterns. Fraction 3 was subjected to Sephadex LH-20
using MeOH to give two subfractions, which were further
purified by preparative TLC with MeOH-CH2Cl2 (1:9) to
yield sterigmatocystin (1, Rf=0.78, CH2Cl2/5% MeOH;
15 mg) and 13-hydroxyversicolorin B (3, Rf = 0.51, CH2Cl2/
5% MeOH; 13 mg). The MeOH eluent EB was concentrated

under reduced pressure. The residue was fractionated on
Sephadex LH-20 (MeOH) to yield from the first fraction by
preparative TLC 10 mg of secosterigmatocystin (2, Rf = 0.67,
CH2Cl2/5% MeOH).

Larvicidal assays

The compounds were dissolved in dimethylsulphoxide
(DMSO, analytical grade, Lobarchemi) and diluted to the
required concentration with spring water. The concentra-
tion of DMSO was kept below 1%. The bioassay
experiments were conducted according to standard
WHO procedure (1981) with slight modifications. The
bioassays were conducted at the Kenya Medical Research
Institute, Centre for Disease Control (CDC), Kisumu,
Kenya, where the insects were reared in plastic and
enamel trays in spring river water. They were maintained
and all experiments were carried out at 26±3 °C at
humidity between 70% and 75%. The bioassays were
performed with third instar larvae of Anopheles gambiae
and carried out in triplicate using 20 larvae for each
replicate assay. The replicates were run simultaneously
yielding a total of 60 larvae for each dosage. The larvae
were placed in 50-ml disposable plastic cups containing
15 ml of test solution and fed on tetramin fish feed
(TetraMin®) during all testing. Mortality and survival
was established after 24 h of exposure. Larvae were
considered dead if they were unrousable within a period
of time, even when gently prodded. The number of the

Fig. 1 X-ray structure of sterigmatocystin (1) (Deposited Data-CCDC
780811)

Position δc δH H-H COSY HMBC

1 164.1

2 107.8 6.51 (H, d, 2.4) 4 1, 3, 4, 9a

3 165.4

4 109.0 7.03 (H, d, 2.4) 2 4, 10

4a 134.4

5 101.2 6.98 (H, s) 7, 8, 8a, 10

6 159.1

7 117.1

8 165.0

8a 110.5

9 188.4

9a 108.0

10 180.4

10a 135.2

11 112.8 6.60 (H, d, 5.5) 12 7, 8, 12, 13, 14

12 53.2 3.91 (d, 5.5) 11 6, 7, 8, 11, 13, 14

13 72.7 4.44 (d, 1.8) 14 7, 11, 14

14 74.8 3.59 (H, dd, 2.3,10.1), 3.91 (H, d, 10.1) 13 11, 12, 13

Table 1 1H (300 MHz) and 13C
NMR data (125 MHz) of 13-
hydroxyversicolorin B (3) in
DMSO-d6
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dead larvae in the three replicates was expressed as the
percentage mortality for each concentration. The negative
control was 1% DMSO in spring river water while the
positive control was the pyrethrum-based larvicide
pylarvex® (Pyrethrum Board of Kenya, PBK).

Statistical analysis

Probit analysis (Finney 1971) of concentration-dependent
mortality data was conducted to estimate the LC50 and
LC90 values with the statistical package SPSS.

Results and discussion

For compound 1, a molecular formula C18H12O6 was
deduced from the positive high resolution electron spray
ionization mass spectra (HRESIMS) pseudo-molecular ion
peak at m/z 347.05254 (347.05261 calculated for
[C18H12O6Na]

+). Comparison of the 1H and 13C NMR data
with those in the literature (Zhu and Lin 2007) indicated
sterigmatocystin. Crystallisation from methanol and X-ray
crystallography confirmed the identity (see Fig. 1). Sterig-
matocystin (1) is a typical metabolite of Aspergillus sp. and
was previously described from Aspergillus multicolor (Cole
and Cox 1981).

The molecular formula of compound 2 was established by
HRESIMS of the pseudo-molecular ion peak at m/z
385.08932 (calculated 385.08939 for [C18H18O8Na]) as
C18H18O8. The NMR spectra of 2 were similar to those of
1 indicating a xanthone as well. By comparison with
reference data, compound 2 was elucidated as secosterigma-
tocystin (Maes and Steyn 1984; Zhu and Lin 2007).
Interestingly, the 13C NMR signals of the aliphatic side
chain of this molecule together with those of the adjacent
aromatic carbon atoms exhibited coalescence phenomena at
300 MHz: Their signals were very broad and of low intensity
at 28 °C, but the intensity increased dramatically when
measured at 100 °C suggesting conformational changes.

13-Hydroxyversicolorin B (3) showed a yellowish
orange colour on TLC, which turned reddish with NaOH
solution indicating a peri-hydroxyquinone. ESIMS afforded
the molecular formula C18H12O8 by high resolution of the
pseudo-molecular ion peak at m/z 355.04583 (calculated
355.04594 for [M-H]−). By 1H and 13C NMR analysis, 3
was identified as a hydroxy derivative of versicolorin B,
which had been isolated previously from an Aspergillus
species (Asai et al. 1998). As the NMR data are not easily
accessible, they will be listed below (Table 1).

To evaluate the mosquito larvicidal activities of these
metabolites, third instar larvae of the malaria mosquito A.
gambiae were used. Tables 2 and 3 summarise the

Concentration (ppm) % Mortality±SD LC50 (ppm)c LC90 (ppm)c

0 0.0±0.0

50 0.0±0.0

100 1.7±2.9 294.5 (226.7–376.6) 719.9 (534.6–1195.2)

250 58.3±16.1

500 66.7±12.6

1,000 96.7±5.8

Pylarvex (100 ppm)a 100±0.0

Spring water+DMSOb 0.0±0.0

Table 3 Larvicidal activity of
13-hydroxyversicolorin B (3)
against A. gambiae

a Positive control
b Negative control
c Lethal concentrations with the
corresponding 95% confidence
intervals are shown in parentheses

Concentration (ppm) % Mortality±SD LC50 (ppm)c LC90 (ppm)c

0 0.0±0.0

5 23.3±12.6

50 81.7±31.8 13.3 (6.5–21.8) 73.5 (45.3–146.6)

100 96.7±5.8

150 96.7±2.9

200 96.7±2.9

Pylarvex (100 ppm)a 100±0.0

Spring water+DMSOb 0.0±0.0

Table 2 Larvicidal activity of
sterigmatocystin (1) against A.
gambiae

a Positive control
b Negative control
c Lethal concentrations with the
corresponding 95% confidence
intervals are shown in parenthesis
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percentage mortality, LC50 and LC90 values after 24 h for
compounds 1 and 3. Compound 2 revealed weak or no
activity at all in some of the replicates and therefore no LC
values were determined. The most potent compound was
sterigmatocystin (1) with LC50 and LC90 values of 13.3 and
73.5 ppm, respectively. Experimental observation indicated
that most of the larvae died within the first few hours. The
high larvicidal activity of this compound was indicated by the
fact that over 95% mortality was observed at a concentration
of 100 ppm after 24 h, which compared favourably with the
commercial larvicide pylarvex® used as standard.

13-Hydroxyversicolorin B (3) was less potent with LC50

and LC90 values of 294.5 and 719.9 ppm, respectively. A
percentage mortality of 96.7 was observed at a concentration
of 1,000 ppm. In comparisons of these LC values,
sterigmatocystin (1) showed an excellent toxicity against
the larvae of A. gambiae. Larvicidal activity of 1 and 2 was
proportional to the dosage indicating a dose-dependent effect
on mortality. As adult mosquitoes transmit diseases, the
critical concentrations of the compounds that inhibit 50%
(LC50) of the treated larval population from emerging adults
are more meaningful. There are few reported studies of the
larvicidal activity of pure compounds on A. gambiae. A
himachalene sesquiterpenoid isolated from Hugonia bus-
seana showed moderate activity against this mosquito after
24 h at a concentration of 237 ppm (Baraza et al. 2007).
Azadirachtin which is commonly used as an insecticide and
isolated from the plant Azadirachta indica showed an LC50

of 57.1 ppm (Ndung'u et al. 2004) indicating less potency
than compound 1. Two triterpenoids and nimocinol also
isolated from A. indica showed LC50 values of 21, 83 and
100 ppm against Aedes aegypti (Siddiqui et al. 2000), which
compares well with those of 1. Gluanol acetate isolated from
Ficus racemosa (Moraceae) is reported (Rahuman et al.
2008) to have shown a high potency against fourth instar
larvae of Anopheles stephensi with LC50 and LC90 values of
28.50 and 106.50 ppm, respectively. The methanol extract of
the seeds of Clitoria ternatea (Fabaceae) also showed a high
mosquito larvicidal activity against the larvae of A. stephensi
with an LC50 value of 65.2 ppm (Mathew et al. 2008). In
general, Sterigmatocystin (1) had a better efficacy when
compared with the examples indicated here.

Conclusions

Results of this study suggest that compounds 1 and 3 are
potential natural mosquito larvicides. Moreover, these find-
ings could be useful in the search for more selective,
biodegradable and natural larvicidal compounds or can be
used as leads for the development of environmentally
friendly larvicides. It should be stated that the known toxicity
of 1 needs to be considered for this application.
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