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Abstract A fungal isolate out of 22 endophytic fungi,

isolated from the different parts of medicinal plant Glori-

osa superba, was subjected to bioassay guided fraction-

ation. This fractionation resulted in the isolation of a novel

bioactive metabolite along with three other known com-

pounds. The structures of compounds were assessed on the

basis of their spectroscopic analysis. Isolated compounds

were also assayed for their biological potential. Com-

pounds, in comparison to standard antimicrobial agents,

were tested for their antimicrobial activity against five

human pathogenic bacteria: Staphylococcus aureus

(MTCC 96), Bacillus subtilis (MTCC 2451), Escherichia

coli (MTCC 82), Pseudomonas aeruginosa (MTCC 2642),

and Salmonella typhimurium (MTCC 1251), and three

pathogenic fungal strains: Saccharomyces cerevisiae

(MTCC 172), Candida albicans (MTCC 3018), and

Cryptococcus gastricus (MTCC 1715). The compounds

were also evaluated for their anticancer potential against

six cancer cell lines, viz., A-549, HEP-2, MCF-7, OVCAR-5,

THP-1, and CVI-1. Compound 4 which is isolated for first

time from any endophytic fungi, exhibited significant

antimicrobial and cytotoxic activity. All the fungal strains

were considerably inhibited by the compound. Leukemic

cancer cell line THP-1 and Breast cancer cell line: MCF-7

were significantly inhibited by 2 and 4. Compound 4

inhibited these cell lines with IC50 30 lg/mL and 50 lg/

mL, respectively, and was found to possess potency com-

parable to standard anticancer agents Mitomycin-c and

5-FU. Compound 4 also inhibited Lung cancer cell line—

A-549 and CV-1.
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Introduction

Bioprospecting refers to the search for novel products of

economic importance, from plant or microbial sources

(Stinson et al., 2003). Natural products have been exploited

for human use for thousands of years, and plants have been

the chief source of compounds of medicinal use. Plants

have been found to be associated with microorganisms

which are capable of producing molecules possessing

remarkable biological activities. Microorganisms can serve

as reliable, reproducible, and inexhaustible source of novel

structures, bearing pharmaceutical potential. Microorgan-

isms that live in the intercellular spaces of different parts of

plants causing no evident expression of their presence are

called ‘‘Endophytes’’ (Lu et al., 2000). The relationship

between plant and endophyte is found to be mutualistic, the

former being protector and feeder for the latter which in

return produces bioactive substances that provides protec-

tion to plant and also enhance the growth and competi-

tiveness of the host in nature (Strobel, 2002). Webber

(1981) was probably the first researcher to report an

example of plant protection given by an endophytic fungus,

in which the endophyte Phomopsis oblonga protected elm

A. Budhiraja � K. Nepali (&) � S. Sapra � K. L. Dhar (&)

Department of Pharmaceutical Chemistry, I.S.F.

College of Pharmacy, Moga 142001, Punjab, India

e-mail: kunal_8855@rediffmail.com

S. Gupta

Jammu University, Jammu Tawi, Jammu, India

S. Kumar

College of Animal Life Sciences, Kangwon National University,

Chuncheon, South Korea

123

Med Chem Res (2013) 22:323–329

DOI 10.1007/s00044-012-0032-z

MEDICINAL
CHEMISTRY
RESEARCH



trees against the beetle Physocnemum brevilineum. Endo-

phytes also promote plant growth by a number of mecha-

nisms such as phosphate solubilization activity (Verma

et al., 2001; Wakelin et al., 2004), the production of a

siderophore (Costa and Loper, 1994), by supplying bio-

logically fixed nitrogen (James et al., 1994), and by sup-

plying essential vitamins to plants (Pirttila et al., 2004).

Other beneficial effects of endophytes on plant growth

include osmotic adjustment, stomatal regulation, modifi-

cation of root morphology, enhanced uptake of minerals

and alteration of nitrogen accumulation, and metabolism

(Compant et al., 2005).

In the present study, 22 endophytic fungi from the dif-

ferent parts of medicinal plant Gloriosa superba were

isolated and one strain belonging to Aspergillus spp., iso-

lated from the seeds of G. superba was found to produce an

alkaloidal constituent that showed significant antifungal

and antitumor activities. G. superba L. is a perennial

climber and is used as an ayurvedic medicinal herb to cure

diseases in various parts of Africa and Southeast Asia

(Ghosh et al., 2002). The plant was under threatened cat-

egory due to its extensive uprooting as the plant is used by

medicinal industries for its colchicine content. The plant is

used to cure various ailment like arthritis, gout, rheuma-

tism, inflammation, ulcers, bleeding piles, skin diseases,

leprosy, etc. (Jana and Shekhawat, 2011).

Materials and methods

Plant sample collection

Freshly collected, mature, healthy parts of G. superba were

collected and authenticated by Dr. K. Mahadeva Chetty,

Head, Department of Botany, S.V. University, Tirupati,

India. Samples were transported in sterile plastic bags,

stored overnight at 4 �C, and processed within 48 h.

Isolation and extraction of endophytic fungi

Plant samples, were washed under running tap water for

10 min, to remove the attached debris. Samples were

successively surface sterilized by the method given by

Petrini et al. (1992) with slight modification for different

parts. Plant tissues were immersed in 70 % (v/v) ethanol

for 1–3 min followed by washing with 5 % aqueous solu-

tion of sodium hypochlorite for 2–5 min, and again in

70 % ethanol for 30 s. All parts were finally washed thrice

with sterile distilled water to remove excess sterilant and

dried aseptically. Sterilized plant parts were cut longitu-

dinally and then placed on Petri dishes containing Sabou-

raud dextrose agar medium with chloramphenicol. Petri

dishes were incubated at 28 �C until the outgrowth of

endophytic fungi was detected. Pure cultures were then

transferred to PDA plates and cultivated for 14 days at

28 �C. Then three plugs (8 mm in diameter) of each fungal

isolate were inoculated in 500-mL Erlenmeyer flask (four

flasks for each culture) containing potato dextrose broth

and were kept in a shaker incubator at 27�, 120 rpm. After

7–10 days of fermentation, culture broth of each isolate

was filtered and filtrate was extracted with water followed

by extraction with n-butanol and chloroform. Extracts were

evaporated to dryness under reduced pressure at 45 �C

using a rotary vacuum evaporator. After preliminary

studies for biological potential of extracts (Budhiraja et al.,

2012) and test for the presence of alkaloid when sprayed

with Dragendorff’s reagent, one isolate (FE-19) was

selected for further investigation. Residue (4.2 g) obtained

from extraction of selected strain was subjected to column

chromatography and elution was done with increasing

percentage of ethyl acetate in hexane. Fractions of each

distinct polarity were pooled to obtain ten different frac-

tions. Draggendorf positive fractions were pooled and

concentrated to give 120 mg of residue. This mixture was

rechromatographed further on silica gel and eluted with

increasing percentage of methanol in chloroform. The

fractions showing positive tests for alkaloids were pooled

and crystallized (30 mg). Three other compounds with

different Rf were also isolated and identified after column

chromatography.

Chemical analysis

The structure of compounds isolated by the column chro-

matography of the extract were identified by different

sophisticated spectroscopic techniques 1H, 13C nuclear

magnetic resonance (NMR), and DEPT spectra were

recorded on a Bruker DRX400 spectrometer using TMS as

an internal standard and chemical shifts were recorded as d
(parts per million) values and coupling constants, J in Hz.

Mass spectra were recorded on a Bruker Esquire 3000 plus

mass spectrometer. Melting points were determined on a

Buchi–Tottoli apparatus. The optical rotation of com-

pounds was measured using a Perkin-Elmer 341 polarim-

eter with a tube of 10-cm cell path length using

dichloromethane as solvent.

Identification of endophyte

The selected fungal isolate was grown in PDB for 5 days at

28 �C. The mycelium was filtered from the broth (5 days

old) and weighed. DNA was extracted and purified using

the CTAB method (Saghai-Maroof et al., 1984). For

identification and differentiation, the Internal Transcribe

Spacer regions (ITS1 and ITS2) and the intervening 5.8S r

RNA region was amplified. The ITS regions of the fungus
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were amplified by PCR (Eppendorf Mastercycler� pro

thermal cycler) and the universal ITS primers, ITS1

(50-TCC GTA GGT GAA CCT GCG G-30) and ITS4

(50-TCC TCC GCT TAT TGA TATGC-30). Initial denatur-

ation was done at 95 �C for 30 s, primer annealing at 55 �C,

and extension at 72 �C for 7 min. The PCR products were

purified, quantified, and subjected to sequencing.

Antimicrobial assay

The compounds isolated after the column chromatography

of fungal extract were tested for antimicrobial activity by

disk diffusion method. Standard microbial strains, for assay

were procured from IMTECH, Chandigarh. Antimicrobial

activity of compound was established in triplicate against

five human pathogenic bacteria: Staphylococcus aureus

(MTCC 96), Bacillus subtilis (MTCC 2451), Escherichia

coli (MTCC 82), Pseudomonas aeruginosa (MTCC 2642),

and Salmonella typhimurium (MTCC 1251), and three

pathogenic fungal strains: Saccharomyces cerevisiae

(MTCC 172), Candida albicans (MTCC 3018), and

Cryptococcus gastricus (MTCC 1715). The antibacterial

activity of compounds was determined with comparison to

standard antibiotic disks of Amoxicillin (5 lg) and Gen-

tamycin (10 lg). Pre-warmed Mueller–Hinton agar plates

were inoculated with 106 CFU/mL of test bacteria. Each

compound was dissolved in DMSO (2 mg/mL) and then

30 lL of each was pipetted onto sterile paper disks (6-mm

diameter) placed on the surface of inoculated agar plates.

Plates were incubated at 37 �C for 24 h. For determining

antifungal activity of compounds, fungal cultures were

grown in Sabouraud dextrose agar with chloramphenicol

medium and kept at 26 �C for 48 h. Fluconazole (10 lg)

disks were used as standard antifungal to compare the

antifungal activity of compounds. Antimicrobial activity

was expressed as the diameter of the inhibition zone (mm)

produced by the compounds. DMSO was used as negative

control. MIC of 4 was evaluated according to the method

described by Yean et al. (2009). Single colony of microbial

strains growing in agar medium was inoculated in test

tubes containing nutrient broth (bacterial strains) and fun-

gal strains were inoculated in Sabouraud dextrose broth.

The initial optical density (OD) of the medium was mea-

sured by spectrophotometer at 600 nm. The test strains

were incubated until the OD reached 0.4–0.6. Then the

different concentrations of 4 (6.25, 12.5, 25, 50, 100, 200,

and 400 lg/mL) were tested for the inhibition of growth of

these microbes, in separate tubes. DMSO was used as a

negative control. The 10-mL tubes each containing 1 mL

of different concentration of 4 were incubated with shaking

at 220 rpm using a rotary shaker. The OD at 600 nm was

measured after 30 min, for 3 h.

In vitro cytotoxicity against human cancer cell lines

Compounds were also evaluated for cytotoxic potential and

their effect to inhibit the growth of cancer cell lines, A-549,

HEP-2, MCF-7, OVCAR-5, THP-1, and CVI-1, was tested.

The procedure recommended by the National Cancer

Institute, that uses the protein-A binding dye sulforhoda-

mine B to estimate cell growth was followed for in vitro

anticancer activity screening. Cells in their log phase were

harvested, counted, and seeded (102 cells/well in 100 mL

medium) in 96-well microtitre plates. After 24 h of incu-

bation at 37 �C and 5 % CO2 to allow cell attachment,

cultures were treated with varying concentrations (10–

100 lM) of compound isolated after column chromatogra-

phy. Four replicate wells were set up for each experimental

condition and were left in contact with the cells for 48 h

under same conditions. Thereafter, cells were fixed with

50 % chilled TCA and kept at 4 �C for 1 h, washed, and air-

dried. Cells were stained with sulforhodamine B dye. The

adsorbed dye was dissolved in Tris-buffer and the plates

were gently shaken for 10 min on a mechanical shaker. The

OD was recorded on ELISA reader at 540 nm. The cell

growth was calculated by subtracting mean OD value of the

respective blank from the mean OD value of experimental

set. Percentage of growth in the was calculated considering

the growth in the absence of any test material as 100 % and

in turn percent growth inhibition in presence of compound

was calculated. (Monks et al., 2005; Skehan et al., 1990).

Results

Twenty-two fungal isolates belonging to different species

were isolated from the surface sterilized parts of medicinal

plant were isolated and screened for the presence of some

potent molecules. A fungal isolate belonging to Aspergillus

species, isolated from the seeds of G. superba, was subjected

to column chromatography for isolation of some biologically

active compound. Four different compounds with different

polarity were obtained and were assessed for their bioactive

potential. Fungal strain producing these metabolites was

identified by amplifying and sequencing the ITS regions.

Sequences of the strains were compared with ITS and rDNA

D1/D2 sequence data from strains available at the public

databases Genbank (http://www.ncbi.nem.nih.gov) by the

BLASTn sequence match routines. Sequences determined in

this study were deposited to GenBank using the Sequin

software with GenBank accession no. JN662374.

Structure determination of compounds

Four compounds (Fig. 1) were isolated from the fungal

extract. Out of the four, three compounds (5-(hydroxymethyl)
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furan-2-carbaldehyde, 4-hydroxyphthalic acid dimethyl

ester, and ergosterol were known compounds and one com-

pound (colchatetralene) was unknown. The spectral data of

the all the known compounds were found to match the

spectral data reported in the literature (Haque et al., 2005;

Klemke et al., 2004). The spectral data of the unknown

compound (closely related to colchicine, coded as KL-4) is

discussed below.

6-Methyl-1,2,3-trihydroxy-7,8-cyclohepta-9,12-diene-

11-one-5,6,7,8-tetralene-7-acetamide (KL-4)

The molecule is a structural analog of colchicine, and is not

reported in the literature. The molecule coded as KL-4 was

obtained as a white powder with a melting point of 161–

163 �C, [a]17D ? 2.73 (c = 0.69, dichloromethane).

Molecular formula was determined to be C18H19NO5 by

TOF MS ES ? (m/3 353 [M ? Na] ? spectra. The 1H

NMR spectrum showed a multiplet at d 7.26 (2H, m) for

the two protons attached to the b carbon (C-9, 13), an

overlapped doublet along with a singlet merged to a mul-

tiplet at d 6.06–6.22 (3H, m) for the protons at carbon (C-4,

10, 12). A doublet at d 4.16 (1H, d, J = 7.4 Hz) for the

proton at C-8 and the coupling constant at value of 7.4 Hz

indicating vicinal coupling with the proton at C-9. Multi-

plets at d 2.70 (1H, m) and d 2.94 (1H, m) were found for

the two non equivalent protons of the methylene at C-5, a

singlet at d 2.29 (3H, s) indicating the presence of methlyl

group (NH–CO–CH3). A doublet at d 1.25 (3H, d,

J = 7.6 Hz) for the methyl attached to a C-6. The coupling

constant of value 7.6 Hz suggests that it is coupling with

the adjacent methine proton at C-6, and a multiplet at

d 1.35 (1H, m) for the methylene proton at C-6.

The 13C spectrum showed signals for the ketonic car-

bonyl at d 188.65 (C-11) and amide carbonyl at d 166.54. A

signal at d 143.88 for C-9, 13, and a signal at d 137.43 for

C-1,3. Signal at d 130.22 for C-2, C-4a, and C-1a. A signal

at d 118 for C-4, a signal at d 54 for the methine carbon at

C-7, d 51.95 for the methylene at C-5 which was also con-

firmed by DEPT spectrum. A signal at d 42.65 for the

methine carbon at C-6. d 31.93 for the methane carbon at

C-8. d 24.87 for the methyl carbon attached to the amide

carbonyl at d 14.13 for the methyl carbon attached to C-6.

DEPT spectra indicated a single inverse signal for the carbon

with even no. of protons at d 54, i.e., for the CH2 group at C-5.

All the signals except the signals of the amide and ketonic

carbonyl were observed as positive signals at d 143.14,

137.43, 130.22, 118, 54, 42.65, 31.13, 24.87, and 14.13.

O
CHOHOH2C

OCH3

O

OCH3

O

HO

5-(hydroxymethyl) furan- 2-carbaldehyde (KL-1) 4-hydroxy-phthalic acid-dimethyl ester (KL-2)

HO
H H

Ergosterol (KL-3)

O

HN

O
HO

HO
OH

6- methyl-1,2,3-trihydroxy-7,8-cyclohepta-9,12-diene-11-one-5,6,7,8-tetralene-7-acetamide (KL-4)

Fig. 1 Structure of isolated compounds
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The Physical data of KL-4 is given below.

mp—161–163 �C. Anal. Calcd for C, 65.64; H, 5.81; N,

4.25; O, 24.29. Found C, 65.43; H, 5.98; N, 4.13. 1H NMR

(CDCl3, 500 MHz, d, TMS = 0) 7.26 (2H, m), 6.06–6.22

(3H, two overlapped doublet along with a singlet merged to

a multiplet), 4.16 (1H, d) 2.70 (1H, m) 2.94 (1H, m) 2.29

(3H, s) 1.25 (3H, d), 1.35 (1H, m). 13C NMR (CDCl3,

125 MHz, d, TMS = 0) 188.65, 166.54, 143.14, 137.43,

130.22, 118, 54, 51.95, 42.65, 31.93, 24.87, 14.13. Mass,

M? ? Na: 353.

Antimicrobial activity

All compounds were assessed for their antimicrobial

potential. Compounds KL-1 and KL-4 exhibited good

antimicrobial spectrum. KL-3 also showed some inhibition

of S. aureus and P. aeruginosa. KL-4, a novel fungal

metabolite exhibited noticeable activity against all the

fungal strains. Gram positive bacteria were also found to be

susceptible to this compound, whereas no activity was

observed against S. typhi. On the basis of zone of inhibi-

tions (Table 1), MIC of KL-1 and KL-4 was calculated

against all the test strains. KL-4 showed good antimicrobial

spectrum against S. aureus, B. subtilis, E. coli, S. cerevi-

siae, C. albicans, and C. gastricus with MIC 25, 50, 100,

25, 12.5, and 50 lg/mL, respectively (Table 2).

Cytotoxic activity

KL-4 was tested for in vitro cytotoxic potential against six

tumor cell lines. It exhibited broad-spectrum antitumor

activities against different cell lines. Breast cancer cell line

(MCF-7) and Leukemic cell line (THP-1) were signifi-

cantly inhibited by the compound KL-4 (Table 3; Fig. 2).

Discussion

Microorganisms residing within the plant tissues not only

receive their nutrition from the plant but also tend to

reciprocate by providing the protection to their host by

producing various antibiotics. Many bioactive compounds

have been isolated from these residents of plants, but still

they provide ample opportunity of producing newer bio-

molecules of great therapeutic value. Various species of

genus Aspergillus have been isolated as endophytes from

Table 1 Zone of inhibition (in mm) of compounds against different microbial strains

Compound B. subtilis S. aureus E. coli P. aeruginosa S. typhi S. cerevisiae C. albicans C. gastricus

KL-1 11.5 ± 0.9 13.1 ± 0.7 9 ± 0.9 – – 8.1 ± 0.2 – –

KL-2 – – – – – – – –

KL-3 – 11.2 ± 0.2 – 8.7 ± 0.1 – – – –

KL-4 17.5 ± 0.7 15.7 ± 0.3 13.3 ± 0.9 11.9 ± 0.3 – 16.9 ± 1.1 18.9 ± 0.2 15.3 ± 0.4

Amoxicillin 20 ± 0.9 21 ± 0.7 20 ± 0.8 19 ± 0.8 18 ± 0.1 ND ND ND

Gentamycin ND ND ND

Fluconazole ND ND ND ND ND 21 ± 0.8 20 ± 1.3 19.7 ± 0.2

Table 2 MIC (in lg/mL) of compounds KL-1 and KL-4 against standard microbial strains

Compound S. aureus B. subtilis E. coli P. aeruginosa S. typhi S. cerevisiae C. albicans C. gastricus

KL-1 200 100 400 – – – – –

KL-4 25 50 100 [100 – 25 12.5 50

Table 3 % growth inhibition of Compound KL-4, in comparison to standard anticancer agents against different cancer cell lines

Compound Concn. (lg/mL) A-549 HEP-2 MCF-7 CV-1 OVCAR-5 THP-1

KL-4 10 – – 26 – 9 48

KL-4 30 – – 33 13 17 55

KL-4 50 – – 52 19 33 67

KL-4 100 23 – 70 35 43 80

5-FU 20 lM 79 87 – 43 – 79

Mitomycin-c 1 lM – – 82 – 71 –
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different plants and have been reported to produce com-

pounds of significant biological interest. Aspergillus is a

genus consisting of several hundred species found in var-

ious climates. Aspergillus was first documented in 1729 by

the Italian priest and biologist Pier Antonio Micheli. Two

alkaloids, 9-deacetylfumigaclavine and 9-deacetoxyfu-

migaclavine, having activity against human leukemia cells

(K562) have been isolated from the culture of Aspergillus

fumigates (Ge et al., 2009). A variant of Aspergillus niger

has been obtained as an endophyte from Taxus cuspidate

and was found to produce Taxol (Zhao et al., 2009).

Aspergillus niger has been isolated from Rosa damacaena

and was found to produce 2-Phenylethanol (Wani et al.,

2010).

5HMF obtained as a metabolite of strain FE-19 in this

study has earlier been isolated from the mangrove fungus

Verruculina enaria from a salt lake in the Bahamas (Lin

et al., 2002). HMF is also an important constituent of

honey. Antimicrobial activity of honey against many

pathogenic bacterial strains has been reported by many

researchers, and this activity is believed to be due to the

presence of HMF (Nafea et al., 2011; Badawy et al., 2004).

HMF is an anti-sickling agent that specifically bind to

intracellular sickle hemoglobin (HbS) without being

inhibited by plasma and tissue proteins (Abdulmalik et al.,

2005). 5HMF has been reported to possess moderate

cytotoxicity against V79 cells and Caco-2 cells (Janzowski

et al., 2005). Compound 3, ergosterol has been isolated

from the fungal strain Neoplaconema napellum, obtained

as an endophyte from leaves of Hopea hainanensis (Wang

et al. 2006), and we isolated it again from Aspergillus sp.

as a major metabolite. It has been found to possess anti-

tumor activity (Yazawa et al., 2000; Takaku et al., 2001). It

has also been used as a marker to estimate fungal biomass

in soil and plant-fungal tissue samples (Richardson and

Logendra 1997). Compound 4 is a new metabolite with

antimicrobial and cytotoxic activity, and it also represents

the first isolation of the tetralene derivative from the genus

Aspergillus. Compound 4 in this report is isolated first time

as a metabolite and appears to be a promising compound in

the area of biological control.
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