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ABSTRACT 

Objective: Endophytes are considered a promising source of new bioactive secondary metabolites and are found in almost all plants. The medicinal 
plant Bidens pilosa Lin. (Asteraceae) that is known for its anti-inflammatory, antiseptic and antifungal effects has been chosen for investigation of its 
endophytes for the search of bioactive secondary metabolites. An endophytic fungus (Botryosphaeria obtuse) was isolated from the plant.  

Methods: The ethyl acetate extract of the fungal isolate obtained from the stem parts of the plant exhibits significant antifungal activity in agar 
diffusion assays as well as cytotoxic and antiproliferative effects. Activity-guided chromatographic fractionation resulted in the isolation of the 
active metabolites which were identified by different spectroscopic techniques.  

Results: A new diphenyl ether, botryorhodine E, the antifungal secondary metabolite preussomerin C and the auxin indole carboxylic acid were 
isolated and identified. The cytotoxic activity of botryorhodine E was evaluated and results obtained showed that it exerted antiproliferative effects 
against HUVEC (GI50 62.04 µM) and K-562 cell line (GI50 40.15 µM) as well as cytotoxicity against Hela cancer cell line (CC50 43.80 µM). It also 
exerted antifungal activity against Penicillium notatum (MIC 16 µg/ml) Aspergillus terreus (MIC 12 µg/ml). Preussomerin C exhibited strong 
cytostatic activity against HUVEC (GI50 22.73 µM) and K-562 cell lines (GI50 313.13 µM) as well as moderate cytotoxicity against HeLa cell line (CC50 
value of 472.22 µM). 

Conclusion: Bioactive secondary metabolites have been isolated from an endophytic fungus of the plant B. pilosa and one of them proved to be a 
new natural product. 
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INTRODUCTION 

Endophytic fungi are found in many plants and often live within the 
host plant without causing any symptoms of disease (1-3). Presently 
no one knows exactly the role of endophytes in nature and their 
relationship to various host plant species. While some endophytic 
fungi appear to be ubiquitous (e.g. Fusarium spp., Pestalotiopsis spp., 
and Xylaria spp.), one cannot state that endophytes are host specific 
(4). It is more probable that their associations are developed by 
chance. Many endophytes of the same species are often isolated from 
the same plant and only one or a few strains produce a highly 
biologically active compound in culture. The production of certain 
bioactive compounds by the endophyte in situ may facilitate the 
domination of its biological niche within the plant or even provide 
protection to the plant from harmful invading pathogens (4). 

Many endophytes are closely related to pathogenic fungi, and are 
suggested to be derived from them by an extension of latency 
periods and a reduction of virulence (5). Moreover endophytic fungi 
are thought to interact mutualistically with their host plant so that 
the host plant provides nutrients to the endophyte which in turn 
produces bioactive substances to enhance the growth and 
competitiveness of the host in nature (6). Accordingly endophytes 
have been identified as a promising source of new pharmacologically 
active secondary metabolites that might be suitable for medicinal or 
agrochemical applications. 

Bidens pilosa Lin. (Asteraceae) is an annual weed distributed 
widely in the tropical and subtropical regions of the world. It is well-
known as hairy beggar ticks or Spanish needles and is reported to be 
a weed of 31 crops in more than 40 countries (7). It is an herbaceous 
plant widely distributed in Africa, America, China, and Japan that is 
used in traditional medicines for treatment of inflammation and 
various diseases, including hepatitis and diabetes. The boiling water 
extract of the aerial parts of B. pilosa in Japan has anti-inflammatory 
and anti-allergic properties (7). Furthermore, the ethanol crude 
extract from the roots of B. pilosa contains polyacetylenes and 
flavonoids that exert in vitro antimalarial activity against 
Plasmodium falciparum (8). More recently, a study was carried out to 
examine the possibility of using B. pilosa for weed and plant fungus 
control assuming that the wide distribution of the plant might be 
due to its antifungal activity against phytopathogens (9).  

The medicinal plant B. pilosa was previously investigated for its 
secondary metabolite constituents and was found to have several 
biological activities. In addition the plant has been found to be 
widely spreading in many areas of the world and to be a dominant 
species wherever it was found (8).  

MATERIALS AND METHODS 

Strain isolation and taxonomic classification 

The herb B. pilosa was collected and identified at the Museum of 
Agriculture in Cairo, Egypt by the botanist Dr. Abdel Megid. To 
obtain the endophyte from within the stem parts of the plant, 
surface sterilization was carried out with diluted formaldehyde 
(37%-40% for 1 min) to kill the epiphytic fungi from the stem parts. 
The surface sterilized segments were cut into small pieces using a 
sterile blade and were incubated at room temperature for 4 weeks 
on agar plates containing an antibiotic to suppress bacterial growth 
(composition of isolation medium: 15 g/L malt extract, 15 g/L agar 
and 0.2 g/L chloramphenicol in distilled water, pH 7.4-7.8, adjusted 
with 10% NaOH or 36.5% HCl). From the growing cultures a pure 
strain of Botryosphaeria obtuse was isolated by repeated 
reinoculation on malt agar plates. Culture purity was determined 
from colony morphology. The endophytic fungus was identified on 
the basis of ITS sequence at the Centraalbureau voor 
Schimmelcultures in the Netherlands.  

Endophyte fermentation, extraction and isolation 

To monitor the production of secondary metabolites the fungus 
was cultured in four different media, a malt extract, caseine flesh 
peptone, cornsteep and dextrose yeast medium both as shaken 
and stationary cultures after which the antifungal activity of 
each extract was examined. Both the chemical and biological 
analyses showed that the antimicrobial activity of the fungal 
extract and the production of secondary metabolites were 
highest using a stationary culture (21 days) at 23°C of M25, a 
cornsteep medium composed of sucrose (20 g/L), soy bean 
starch (10 g/L), cornsteep (10 g/L) completed with distilled 
water to 1 L (pH 6.5). The fungus was grown on potato dextrose 
agar (PDA) at 23°C for 14 days and the mycelium of each plate 
was cut into 12 pieces each of which was used as an inoculum in 
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a 1 L Erlenmeyer flask, containing 250 mL of M25. Incubation 
was carried out for 21 days (23°C) under static conditions. The 
extract from a 40 L culture (160 x 1 L Erlenmeyer flasks) was 
prepared by homogenizing the culture filtrate and the mycelium 
and then macerating for 24 h in EtOAc, which was then collected 
by decantation. After evaporating to dryness and defatting with 
n-hexane 10 g of crude extract was obtained. Activity-guided 
isolation started by subjecting the extract to fractionation on a 
silica gel column using (hexane: EtOAc/1:1) as eluent which 
resulted in nine main fractions. The fractions exhibiting 
antimicrobial activity were successively purified on silica gel 
using CHCl3: MeOH/9:1; Sephadex LH-20 (MeOH) and finally RP-
18 Silica on preparative HPLC starting gradient elution with 25% 
acetonitrile in H2O and ending with 100% acetonitrile after 45 
min, to give the isolated compounds (botryorhodine E 1.2 mg; 
preussomerin C 1.5 mg) . The plant growth promoting auxin 
indole carboxylic acid was isolated using Sephadex LH-20 
(MeOH) and identified by comparison of its chromatographic, 
UV, IR and MS data with an authentic sample. 

General 

NMR spectra were recorded on a Bruker DPX-300 and a Bruker 
DRX-500 at 300 MHz and 500 MHz for 1H, and 125 MHz for 13C NMR, 
respectively; chemical shifts are given in δ values (ppm) and were 
measured relative to tetramethylsilane as standard. IR spectra were 
recorded on a Bruker FT-IR (IFS 55) spectrometer. UV spectra were 
recorded on a Cary 1 Bio UV vis spectrophotometer (Variant). HPLC-
MS measurements were recorded on an Agilent high performance 
1100 series LC/MSD Trap module with an API - electrospray source, 
PC printer and LC/MSD chemstation software for data acquisition 
and data analysis. HRESIMS were recorded on a Finnigan TSQ 
Quantum Ultra AM Thermo Electron. Open column chromatography 
was performed on silica gel 60 (Merck, 0.04-0.063 mm, 230-400 
mesh ASTM) and Sephadex LH-20 (Pharmacia). TLC: silica gel plates 
(silica gel 60 F254 on aluminum foil or glass, Merck), spots were 
visualized by spraying with anisaldehyde/sulfuric acid followed by 
heating. Analytical HPLC was conducted on a Shimadzu HPLC system 
using a Nucleosil 100-5 C18 column (5 µm, 125 x 4.6 mm) with 
MeCN/0.1% TFA-H2O as eluent (flow rate 1 mL/min, 15/85 to 100% 
MeCN in 30 min) and UV detection at 254 nm. Preparative HPLC was 
performed on a Shimadzu HPLC system using a Nucleosil 100-5 C18 
column (5 µm, 250 x 16 mm, pore diameter 100 Å) using a flow rate 
of 10 mL/min starting elution with 25% MeCN and ending with 
100% MeCN in 45 min with a UV detector. All solvents used were 
spectral grade or distilled prior to use.  

Antimicrobial assay 

Antifungal activities were studied qualitatively by agar diffusion 
tests according to the literature(2) and quantitatively by 
determination of minimal inhibitory concentration (MIC) 
according to the NCCLS guidelines using the broth microdilution 
method (10). Fifty microliters of the test compound solution in 
methanol were serially diluted by factor two with the culture 
medium (RPMI 1640 with L-glutamine, MOPS and without sodium 
bicarbonate, LONZA Verviers SPRL, Belgium). Then, the wells were 
inoculated with the test organism to give a final concentration of 6 
x 103 CFU/mL. After incubation of the microtiter plates at 37°C (A. 
terreus and P. notatum) for 24 h, the MIC-values were read with a 
Nepheloscan Ascent 1.4 automatic plate reader (Lab systems, 
Vantaa, Finland) as the lowest dilution of compound allowing no 
visible growth.  

Antiproliferative and cytotoxic assays 

Cells and culture conditions 

Cells of HUVEC (ATCC CRL-1730), K-562 (DSM ACC 10) and HeLa 
(DSM ACC 57) were cultured in DMEM (CAMBREX 12-614F), RPMI 
1640 (CAMBREX 12-167F) and RPMI 1640 (CAMBREX 12-167F) 
respectively. All cells were grown in the apropriate cell culture 
medium supplemented with 10 mL/L ultraglutamine 1 (Cambrex 
17-605E/U1), 500 µL/L gentamicin sulfate (CAMBREX 17-518Z), 
and 10% heat inactivated fetal bovine serum (PAA A15-144) at 37°C 
in high density polyethylene flasks (NUNC 156340).  

Antiproliferative assay 

The assay was carried out according to previously described method 
(11). The test substances were dissolved in DMSO before being 
diluted in DMEM. The adherent cells were harvested at the 
logarithmic growth phase after soft trypsinization, using 0.25% 
trypsin in PBS containing 0.02% EDTA (Biochrom KG L 2163). For 
each experiment, approximately 10 000 cells were seeded with 0.1 
mL culture medium per well of the 96-well microplates (NUNC 
167008). 

Cytotoxic assay 

For the cytotoxic assay, HeLa cells were pre-incubated for 48 h 
without the test substances. The dilutions of the compounds were 
carried out carefully on the subconfluent monolayers of HeLa cells 
after the pre-incubation time. Cells were incubated with dilutions of 
the test substances for 72 h at 37°C in a humidified atmosphere and 
5% CO2. 

Method of evaluation 

For estimating the influence of chemical compounds on cell 
proliferation of K-562, the numbers of viable cells present in 
multiwall plates were determined via CellTiter-Blue® assay. The 
indicator dye resazurin was used to measure the metabolic capacity 
of cells as an indicator of cell viability. Viable cells of untreated 
control retain the ability to reduce resazurin into resorufin, which is 
highly fluorescent. Nonviable cells rapidly lose metabolic capacity, 
do not reduce the indicator dye, and thus do not generate a 
fluorescent signal. Under our experimental conditions, the signal 
from the CellTiter-Blue® reagent is proportional to the number of 
viable cells. The adherent HUVEC and HeLa cells were fixed by 
glutaraldehyde and stained with a 0.05% solution of methylene blue 
for 15 min. After gentle washing the stain was eluted with 0.2 mL of 
0.33 N HCl in the wells. The optical densities were measured at 660 
nm in SUNRISE microplate reader (TECAN). The GI50 and CC50 values 
were defined as being where the dose response curve intersected 
the 50% line, compared to untreated control. The comparisons of 
the different values were performed with software Magellan 
(TECAN). 

RESULTS 

Samples of B. pilosa were collected near Cairo, Egypt. After surface 
sterilization of the fresh, healthy, aerial plant parts an endophytic 
fungal strain was isolated. To monitor the production of secondary 
metabolites of the isolated strain it was cultivated in four different 
culture media, a malt extract (M4), a caseine flesh peptone (M5), a 
cornsteep (M25) and a dextrose yeast (M26) medium, both as 
shaken and as stationary culture. The extraction of the strain was 
carried out by mixing culture filtrate and mycelium together and 
then extracting with ethylacetate. When the ethylacetate extract 
obtained was tested for antimicrobial activity significant 
antibacterial and antifungal activities were observed for the strain in 
all culture media and especially for the stationary culture in medium 
M25. High antifungal activity against various test strains 
(Sporobolomyces salmonicolor, Saccharomyces cerevisiae, Candida 
albicans, Penicillium notatum, Penicillium avellanea, and Aspergillus 
terreus) was detected in agar diffusion assays. In addition a cytotoxic 
assay was performed on this extract against HeLa, HUVEC and K-562 
cancer cell lines. Results revealed potent cytostatic activity against 
HUVEC and K-562 cell lines as well as strong cytotoxicity against 
HeLa cell lines. Accordingly large scale reproduction of the strain (40 
L) in medium M25 under the optimized culture conditions was 
carried out. The crude extract obtained (18 g) was liberated from 
lipophilic components (4.5 g) by extracting with hexane and was 
subjected to flash chromatographic separation on silica gel (using 
hexane: ethyl acetate/ 9:1), followed by open column 
chromatography with Sephadex LH-20 (eluted with MeOH). Activity-
guided fractionation was performed by testing the resulting 
fractions against Aspergillus terreus, which proved to be the most 
sensitive test strain towards the crude extract. The active fractions 
were subjected to further purification on open column 
chromatography and repeated preparative RP-HPLC using an 
acetonitrile/water gradient.  
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The active fraction contained a bioactive metabolite for which the 
following spectral data was obtained. The HRESI-MS of this 
secondary metabolite exhibited a strong peak at m/z 275.09195 
[M+H]+ indicating a molecular formula of C15H14O5 for the 
compound. The 1H-NMR spectrum of the compound showed two 
proton singlets each representing a methyl group at δ 2.20 and 
1.90 ppm, three proton signals for three hydroxyl groups and one 
aldehyde proton signal at δ 10.4 ppm. Furthermore four aromatic 
proton signals were observed with two meta coupled doublets at δ 
6.14 and 6.25 ppm. The number of carbons suggested by the 

HRESIMS was confirmed by the 13C-NMR spectrum which also 
revealed the presence of two methyl groups and one aldehydic 
functional group represented by a carbon signal at δ 193.6 ppm. 
From the COSY and HMBC correlations it was concluded that the 
compound consisted of two aromatic rings. The first ring is a 
tetrasubstituted aromatic ring while the second ring is a 
trisubstituted one. The substitution pattern of the first ring was 
deduced from the HMBC correlations (Fig 1, Table 1) observed 
between the aldehydic proton and the adjacent hydroxylated 
quaternary carbon appearing at δ 162.4 ppm (C-2').  

 

Table 1: NMR data of botryorhodine E in DMSO_d6 

Position δ 13C δ 1H (J in Hz) HMBC 
1 131.7, qC   
2 150.0, qC   
3 161.2, qC   
4 101.8, CH 6.25, d (2,7) 1, 2, 5, 6 
5 155.1, qC   
6 107.8, CH 6.14, d (2.7) 1, 4, 5, 7 
7 15.9, CH3 0.95, s 1, 2, 6 
1' 108.5, qC   
2' 162.4, qC   
3' 104.2, CH 5.84, s 1', 2', 5', 7', 8' 
4' 131.8, qC   
5' 110.0, CH 6.37, s 1', 2', 3', 7' 
6' 150.3, qC   
7'  22.3, CH3 1.02, s 3', 5', 6' 
8' 193.6, CHO 10.40, s 1', 2', 5' 
3-OH  9.37, s 2, 4 
5-OH  9.24, s 4, 5, 6 
2'-OH  11.75, s 1', 2', 3' 
 

The aromatic proton at δ 6.37 ppm (H-5') is in turn correlated with the 
second aromatic primary carbon of this ring, an adjacent methyl 
carbon C-7' (δ 22.3 ppm) and the quaternary carbons C-1' and C-2'. As 
for the second ring correlations were observed between the aromatic 
proton at δ 6.14 ppm (H-6) and the quaternary carbon at δ 155.1 ppm 
(C-5) bearing a hydroxyl group, the methyl carbon C-7 (δ 15.9 ppm) 
and the aromatic primary carbon at δ 101.8 ppm (C-4) whose proton 
is meta coupled with this proton (J=2.5 Hz). The methyl protons on the 

other hand showed HMBC correlations (Fig 2) with both aromatic 
primary carbons of this ring as well as with the quaternary carbon at δ 
150.0 ppm (C-2). Since an oxygen atom was still missing according to 
the suggested molecular formula and the chemical shifts of the 
quaternary carbons C-6' and C-2 were δ 150.3 and 150.0 ppm 
respectively, both rings were connected with each other via an ether 
bond. Thus the compound appeared to be a new diphenylether (Fig 1) 
for which the name botryorhodine E has been suggested.  

 

      

Fig. 1: Chemical structure of botryorhodine E    Fig.2: HMBC correlations of botryorhodine E 
[

The cytotoxic activity of the compound was evaluated and results 
obtained showed that it exerted antiproliferative effects against HUVEC 
cell line with a GI50 value of 62.04 µM and K-562 cell line with a GI50 value 
of 40.15 µM as well as cytotoxicity against Hela cancer cell line with a 

CC50 value of 43.80 µM (Fig 3). To examine the antimicrobial activity of 
the compound it was tested against the fungi Penicillium notatum and 
Aspergillus terreus and was found to be more active against A. terreus 
(MIC 12 µg/mL) than P. notatum (MIC 16 µg/mL). 

[ 

 

Fig. 3: Antiproliferative activity of botryorhodine E on K-562 cell line 
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Fig. 4: Antiproliferative activity of botryorhodine E on HUVEC cell line 

 

 

Fig. 5: Cytotoxic effect of botryorhodine e on HeLa cell line 

 

Previously, diphenyl ether derivatives have been reported as 
secondary metabolites of fungi belonging to the genera Pestalotiopsis 
(12), Xylaria, Phoma and Oospora (13). Some diphenyl ether analogues 
were reported to inhibit farnesyl-protein transferase (13), endothelin 
binding (14), and vascular endothelial growth factor (VEGF)-induced 
tube formation of human umbilical vein endothelial cells (HUVECs) 
(15). Recently a new member of bioactive diphenyl ethers, 
neoplaether (Fig 2) has been isolated from the culture of 
Neoplaconema napellum IFB-E016, an endophytic fungus residing in 
the leaves of Hopea hainanensis. It has been reported to exert cytotoxic 
activity against the human nasopharyngeal epidermoid tumor KB cell 
line, with an IC50 value (13.0 µg mL-1) comparable to that of 5-
fluorouracil (2.5 µg mL-1) co-assayed as a reference material.  

Furthermore a bioactive metabolite was isolated and identified from 
the same fraction containing botryorhodine E. A strong peak at m/z 
395.0850 [M-H]– for C21H17O8 was suggested for the compound by 
HRESIMS analysis indicating 13 degrees of unsaturation. The 

compound showed characteristic bis-spirobisnaphthalene NMR 
signals due to the presence of an oxygenated tetrasubstituted 
aromatic ring, one oxygenated trisubstituted aromatic ring, a 
phenolic hydroxyl group and two spiroketal quaternary carbons. In 
addition the 1H and 13C NMR data showed signals for two epoxides 
bearing methines (H-2 and H-3), one oxygenated methane and one 
methylene. The spectral data led to the deduction of the structure of 
this compound which was proven to be preussomerin C (Fig 4) by 
comparison with literature data. The absolute configurations at C-1, 
C-2, C-3, C-1' and C-3' were presumed to be the same as for the 
known compound on the basis of identical NMR data of the 
corresponding structural parts (16). 

In addition indole-β-carboxylic acid was identified as an endophyte 
metabolite in the extract of its pure culture (by comparison with an 
authentic sample). Like the phytohormone indole acetic acid this 
compound belongs to the plant auxins, which are responsible for 
growth stimulation and elongation of plants.  

 

 

Fig. 6: Chemical structures of preussomerin C and indole carboxylic acid 
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A cytotoxic assay was conducted on preussomerin C to test its 
antiproliferative effect on HUVEC and K-562 and its cytotoxicity on HeLa 
cancer cell lines which has not been tested before. Results showed strong 

cytostatic activity against HUVEC and K-562 cell lines with GI50 values of 
22.73 and 313.13 µM respectively as well as moderate cytotoxicity 
against HeLa cell line with a CC50 value of 472.22 µM (Fig 5). 

 

Fig. 7: Antiproliferative activity of preussomerin C on K-562 cell line 

 

Fig. 8: Antiproliferative activity of preussomerin C on HUVEC cell line 

 

Fig. 9: Cytotoxic effect of preussomerin C on HeLa cell line 

 

DISCUSSION 

The increasing occurrence of multiresistant pathogenic strains has 
rendered many currently used antimicrobial agents ineffective in 
treating current infections. Therefore new antimicrobial agents are 
required to overcome this problem. Endophytes are a promising 
source for new bioactive natural products. The new antifungal and 
anticancer natural product botryorhodine E could be relevant for 
pharmaceutical applications. Preussomerin C has been reported 
previously to possess antibacterial, antifungal, antiplasmoidal as 
well as weak nematicidal activity against a plant parasitic and fungal 
feeding nematode that causes profound destruction of pine forests 
especially in Asian countries (17). In addition previous reports 
stated that naphthoquinone spiroketals obtained from an 
endophytic fungus Edenia gomezpompae isolated from the leaves of 
Callicarpa acuminata (Verbenaceae) in Mexico (18) exerted 
allelochemical activity by showing antifungal activity against several 
phytopathogens as well as growth inhibitory activity against other 
endophytic fungi isolated from the same plant (18-19). Therefore B. 
obtuse might provide a protective effect on the host plant through 

the production of the antimicrobial phytotoxin preussomerin C. The 
one meter height often observed for B. pilosa (20-21) could be 
referred at least partly to the detected production of indole 
carboxylic acid by its endophyte.  

CONCLUSION 

In conclusion, a fungal endophyte has been isolated from the 
important plant B. pilosa and identified it as a B. obtuse strain. 
Through bioactivity-guided fractionation the isolation and full 
characterization of a diphenyl ether, botryorhodine E which has not 
been isolated from a natural source before was accomplished. 
Furthermore, the fungus produces the plant auxin indole carboxylic 
acid and the antifungal phytotoxin preussomerin C, which may play 
an important role in the plant fungal interaction.  
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