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ABSTRACT

Objective: Scientists are showing increasing interest in studying fungal endophytes as sources of novel and biologically active compounds. The 
present study was attempted to isolate and characterize camptothecin (CPT) from endophytic fungus Aspergillus niger isolated from Indian Piper 
betel plant and detection of its anticancer potential on colon cancer cell line.

Methods: The production of CPT was confirmed by high-performance liquid chromatography techniques. The effect of CPT on hematopoietic cell 
transplantation (HCT) colon cancer cell line was studied by MTT assay.

Results: The amount of CPT which is isolated from A. niger was found to be around 0.175 mg/L. Significant death of HCT cells was observed and was 
non-toxic to normal vero cell line.

Conclusion: Hence, CPT can be used as a potential lead compound in cancer research.
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INTRODUCTION

Microorganisms are potential sources of bioactive compounds with 
extensive capacity for the discovery of novel molecules for drug 
discovery [1-3].

Biological products are reliable source of lead drugs with more than 
40% of new chemical entities reported until 2005 having been derived 
from microbes. Endophytes are microorganisms that live intracellularly 
and/or intercellularly inside the tissues of higher plants and do not 
cause any symptoms on the plants in which they live. Endophytes 
have proven to be good sources of bioactive natural products [4,5]. 
Endophytic fungi are symbiotically associated with plants. They 
develop special mechanism to penetrate into the host tissue. They adapt 
themselves to the environment by genetic variation, including uptake of 
some host DNA into their own genomes [6]. This gene transfer might 
have led to the ability of certain endophytes to biosynthesize some 
phytochemicals originally produced by the host plant [7]. Combination 
of inducing factors from both plants and endophytic fungi increases 
the accumulation of secondary metabolites in plants and fungi, 
respectively   [4]. Research studies reveal that plants and endophytic 
fungi have similar but distinct metabolic pathways for production of 
secondary metabolites.

Since the discovery of the compound paclitaxel (Taxol) from the 
endophytic fungus Taxomyces andreanae in 1993, scientists are shown 
increasing interests in studying various fungal endophytes as sources of 
novel and biologically active compounds.

Cancer is a major killer disease and a global problem with more than 
6 million new cases is reported every year. Cancer is characterized by 
unregulated growth and spread of abnormal cells, which can result 
in death if not controlled. It accounts for 7.4 million, about 13% of all 
deaths in 2014 [8]. The anticancer drugs show non-specific toxicity to 
proliferating normal cells, possess enormous side effects, and are not 
effective against many forms of cancer [9].

Camptothecin (CPT), a pentacyclic quinoline alkaloid, a potent 
antineoplastic agent was first isolated from the wood of C. acuminata 
decaisne (Nyssaceae) a plant native to mainland China [10]. The 
primary action mechanism of CPT is inhibiting the intranuclear enzyme 
topoisomerase 1 which is required in DNA replication. Puri et al., 2005, 
first reported an endophytic fungus Entrophospora infrequens obtained 
from Nothapodytes foetida that had the ability to produce CPT [11]. 
Later, CPT was successfully isolated from two endophytic Fusarium 
solani strains MTCC 9667 and MTCC 9668 [12]. These findings showed 
that the fungi could be an alternative resource to produce CPT and its 
analogs.

Betel vine (Piper betel L.) belongs to genus Piper of the family 
Piperaceae. Leaves of P. betel posses several bioactivities and are used 
in traditional medicinal systems. Many research studies on P. betel have 
reported that it contains a number of important phytoconstituents 
which exhibit anticancer, anti-allergic, antibacterial, antifungal, 
antioxidant, antidiabetic, gastroprotective, cytotoxic, antiplatelet, and 
wound healing activity [13].

With this background about the role of endophytes in the production 
of bioactive compounds, the present study was attempted to isolate 
and characterize CPT from endophytic fungus Aspergillus niger isolated 
from Indian beetle nut plant and detection of its anticancer potential on 
colon cancer cell line.

METHODS

Collection of sample
The betel leaves were collected in sterile polythene bags from the 
market (Fig. 1). Taxonomic identification was made by Plant Anatomy 
Research Centre, Tambaram, Tamil Nadu.

Processing of samples
The collected samples were first washed thoroughly in running tap 
water. Nearly ten segments from a leaf were screened for the presence 
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of fungal endophytes. The leaves were surface sterilized by submerging 
them in 70% ethanol for 5 s, immersed in 4% sodium hypochlorite 
for 90 s, and rinsed in sterile distilled water. The surface sterilized 
segments were placed on Sabouraud dextrose agar (SDA) plates 
supplemented with 10 µg/ml streptomycin as an antibiotic to suppress 
bacterial growth. The inoculated plates were incubated at 28±2°C for 
7–10 days. Emerging hypae were transferred to fresh SDA containing 
peptones and dextrose and further incubated at 28±2°C.

Isolation of fungal endophytes
The Petri plates were incubated in room temperature. The hyphae, 
which grew out from the tissues, were transferred to fresh SDA slants 
and were maintained by subculturing. To prevent the rapidly growing 
fungi from inhibiting the slow-growing species, the former was removed 
as soon as they appeared on the plates [14].

Identification of the fungi
The isolated endophytic fungi from betel nut were identified down to 
species level with the help by LPCB. The non-sporulating sterile forms 
were separated into culture groups based on their colony morphology, 
hyphal characteristics, presence of sclerotia (masses of short-celled, 
lobed, and closely packed hyphae), and pigmentation as described 
earlier [15].

Enrichment of fungal endophyte
The endophytic fungi isolated in the present study were inoculated into 
a liquid SDA broth for enrichment. The enriched fungal organism was 
used for the CPT production.

Production and extraction of CPT
Endophytic fungal isolates obtained were screened for the detection 
of CPT. Fungal organism isolated in this study was grown in fungal 
growth enrichment liquid media containing peptone 1.0 and dextrose 
4.0. Enrichment broth containing mycelium was used as inoculum. The 
production media were kept for 10  days on a shaker with 150  rpm 
at 28°C. After incubation, the fungal isolates were filtered through 
cheesecloth. The harvested mycelia were dried and macerated. The 
homogenate and cell-free broth were extracted 3 times with an equal 
volume of chloroform and methanol in a 4:1 ratio. This organic solvent 
was removed by rotatry evaporation at 30°C. The prepared extracts 
were subjected to high-performance liquid chromatography (HPLC) 
with standard CPT for the detection of CPT.

HPLC conditions
CPT extraction was characterized using HPLC. Solutions were directly 
analyzed by HPLC (liquid sorb RP- 18, 25 cm × 10 µm; gradient elusion 
0.04, chloroform: Ether 4:1 upto 1:1, 10  min, fluorate 3.5  ml/min). 
Ultraviolet (UV) detection 254 nm.

Cytotoxicity activity
Cell line and culture
Vero cell lines were obtained from NCCS, Pune. The cells were maintained 
in DMEM with 10% FBS, penicillin (100 U/ml), and streptomycin (100 
µg/ml) in a humidified atmosphere of 50 µg/ml CO2 at 37°C.

In vitro assay for cytotoxicity activity (MTT assay) [16]
Cells (1×105/well) were plated in 24-well plates and incubated in 37°C 
with 5% CO2 condition. After the cell reaches the confluence, the sample 
was added and incubated for 24 h. After incubation, the sample was 
removed from the well and washed with phosphate-buffered saline 
(pH  7.4) or MEM without serum. 100 µL/well (5  mg/ml) of 0.5% 
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl--tetrazolium bromide (MTT) 
was added and incubated for 4 h. After incubation, 1  ml of dimethyl 
sulfoxide (DMSO) was added in all the wells. The absorbance at 570 nm 
was measured with UV spectrophotometer using DMSO as the blank. 
Measurements were performed and the concentration required for a 
50% inhibition (CC50) was determined graphically. The % cell viability 
was calculated using the following formula:

% cell viability = A570 of treated cells/A570 of control cells ×100

Graphs are plotted using the % of cell viability at Y-axis and 
concentration of the sample in X-axis. Cell control and sample control 
are included in each assay to compare the full cell viability assessments.

Anticancer activity
Cell line and culture
Colon carcinoma cell line HCT 15 cell line (human colorectal carcinoma) 
was obtained from NCCS, Pune. The cells were maintained in DMEM 
with 10% FBS, penicillin (100 U/ml), and streptomycin (100 µg/ml) in 
a humidified atmosphere of 50 µg/ml CO2 at 37°C.

In vitro assay for anticancer activity (MTT assay) (Mosmann, 1983)
Cells (1×105/well) were plated in 24-well plates and incubated [16] in 
37°C with 5% CO2 condition. After the cell reaches the confluence, the 
sample was added and incubated for 24 h. After incubation, the sample 
was removed from the well and washed with phosphate-buffered saline 
(pH 7.4) or DMEM without serum. 100 µl/well (5 mg/ml) of 0.5% MTT 
was added and incubated for 4 h. After incubation, 1  ml of DMSO was 
added in all the wells. The absorbance at 570  nm was measured with 
UV-spectrophotometer using DMSO as the blank. Measurements were 
performed and the concentration required for a IC50 was determined 
graphically. The % cell viability was calculated using the following formula:

% cell viability = A570 of treated cells/A570 of control cells ×100

Graphs are plotted using the % of cell viability at Y-axis and 
concentration of the sample in X-axis. Cell control and sample control 
are included in each assay to compare the full cell viability assessments.

RESULTS

Isolation and identification of endophytes
The endophytic fungi A. niger in the present study were isolated from 
medicinally important plant P. betel. Leaves were cut with the help of 
sterile scalpel and placed on the surface of SDA plate supplemented 
with 10 µg/ml streptomycin (Fig 1a and b).

The endophytic fungi were grown on SDA medium to study cultural 
characters such as color and nature of the growth of the colony and 
maintained by subculturing.

Production and extraction of CPT
Endophytic fungal isolates obtained were growth liquid media 
containing peptone 1.0 and dextrose 4.0 for production of CPT.

Chromatographic analysis
The isolated sample and standard CPT were subjected to HPLC. The 
retention time (RT) of the sample was found to be 10.84  min when 
compared to that of the authentic CPT 10.32 min. This confirmed the 
presence of CPT (Fig. 2a and b). CPT content of the sample was detected 
by comparing the RT with that of the sample. The area of the standard 
was compared with the area of sample, and the amount of CPT was 
calculated by the following equation:

Fig. 1: (a) Sabouraud dextrose agar (SDA) plate with beetle leaves, 
(b) SDA plate showing endophytic fungi
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×Standard concentration  total area of the sampleCPT =
Total area of the standard

Cytotoxic effect of isolated CPT
Viability test by MTT assay
The effect of CPT on colon cancer cell line was studied in comparison to 
standard camptothecin. The isolated CPT showed a potent anticancer 
activity against HCT cells. Significant death of HCT cells was observed in 
dose-dependent manner from 1000 µg/ml, 500 µg/ml 250 µg/ml, and 
125 µg/ml showed anticancer activity to HCT cell line.

IC50 value of standard camptothecin after 24 h was found to be 
31.25 μg/ml. (Figs. 3 and 5 and Table 1) and IC50 value of isolated 
camptothecin after 24 h was found to be 29.88%. The IC50 value after 
24 h was found to be 29.88% at 1000 µg/ml and 52.56% at 62.5 µg/ml 
(Figs. 4-6 and Table 2). However, the isolated CPT was nontoxic to vero 
cell line from 500 µg/ml with IC50 of 52.13% (Figs. 7 and 8 and Table 3).

DISCUSSION

The widespread misuse of antibiotics for the treatment of microbial 
infections has led to the emergence and spread of drug-resistant strains. 
The rise in the rate of infections from multidrug-resistant microbes is 
recognized globally as a major health crisis. CPT are known to possess 
potent anticancer [17].

Analysis of the fungal endophytes from various research study shows 
that many potential pathogenic species or genera have also been 
identified as endophytes. Genera that are found to be in common 
include Alternaria, Cladosporium, Colletotrichum, Fusarium, Nigrospora, 
and Phoma. Saprotrophic taxa that were isolated as endophytes in the 
present study were A. niger and were screened for the production of CPT.

Leaves were inoculated into SDA, and the hyphae were transferred to 
fresh medium as mentioned earlier. We did not observe other microbes 
such as bacteria and actinomycetes during isolation. The endophytic 
fungi isolated were brought to pure culture form. Stock cultures 
were maintained by subculturing at regular intervals. After growth 
at temperature 28°C for 7  days, the slants were maintained at 15°C. 
From actively growing stock cultures, subcultures were made on fresh 
slants, and after 7 days, incubation was used as the starting material for 
fermentation experiments for isolation of CPT.

For studying the cultural and morphological characters, the endophytic 
fungi were grown on SDA medium. Cultural characters such as color 
and nature of the growth of the colony were determined by visual 
observation. Morphological characters of the fungus such as mycelia, 
conidiophores, and conidia in culture were microscopically studied.

Table 2 Anticancer effect of sample CPT on HCT cell line

Concentration  
(µg/ml)

Dilutions Absorbance (O.D) Cell 
viability (%)

1000 Neat 0.378 29.88
500 1:1 0.459 36.28
250 1:2 0.524 41.42
125 1:4 0.603 47.66
62.5 1:8 0.665 52.56
31.2 1:16 0.771 60.94
15.6 1:32 0.868 68.61
7.8 1:64 0.945 74.70
Cell control ‒ 1.265 100
CPT: Camptothecin, Colon carcinoma cell line HCT 15

Table 3: Cytotoxicity effect of sample camptothecin  extract on 
vero cell line

Concentration  
(µg/ml)

Dilutions Absorbance (O.D) Cell 
viability (%)

1000 Neat 0.810 44.87
500 1:1 0.941 52.13
250 1:2 1.043 57.78
125 1:4 1.161 64.32
62.5 1:8 1.342 74.34
31.2 1:16 1.453 80.49
15.6 1:32 1.614 89.41
7.8 1:64 1.756 97.28
Cell control ‒ 1.805 100

Fig. 3: Graphical representation of anticancer effect of Standard 
Colon carcinoma cell line HCT 15 transplantation cell line

Fig. 4: Graphical representation of anticancer effect of sample 
Colon carcinoma cell line HCT 15 transplantation cell line

Table 1: Anticancer effect of standard CPT on HCT cell line

Concentration  
(µg/ml)

Dilutions Absorbance (O.D) Cell 
viability (%)

1000 Neat 0.150 11.85
500 1:1 0.270 21.34
250 1:2 0.352 27.82
125 1:4 0.442 34.94
62.5 1:8 0.587 46.40
31.2 1:16 0.680 53.75
15.6 1:32 0.755 59.76
7.8 1:64 0.824 65.13
Cell control ‒ 1.265 100
Colon carcinoma cell line HCT 15, CPT: Camptothecin

Fig. 2: (a) Standard camptothecin, (b) sample
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Endophytic fungi isolated from the leaves of P. betle and screened for CPT 
production. The CPT was characterized in comparison to the standard 
purchased from Sigma Aldrich by HPLC. The presence of CPT in the 
samples was detected by comparing with the RT of the standard sample 
The plant extract analyzed by HPLC showed chromatographically (Fig. 
2a) homogenous peak with baseline separation and closely the same RT 
(RT = 10 rnin)  (Fig. 2b). The quantity of CPT in the sample was found to 
be 0.175 mg. In the previous study, CPT was isolated from bark extracts 
of Nothapodytes nimmoniana and analyzed by HPLC and reported 
chromatographically homogenous peaks with baseline separation and 
same RT at 7.05 min parallel to standard CPT [18]. In vitro cytotoxicity 
of the CPT was screened against vero cells at different concentrations, 
and the viability of cells was confirmed using MTT assay and was found 
to be non-toxic-CC50 from the concentration of 500 µg/ml.

Many studies showed that the anticancer potential of CPT may end up 
in apoptosis [19,20]. The anticancer activity against colon cancerous 
cell lines was determined by MTT assay. Anticancer activity of CPT 

was done against HCT cells showed significant death of HCT cells 
till 62.5  µg/ml. CPT-treated cells clearly showed alteration in cell 
morphologies and shrinkage and the alteration rate of the treated cells 
increased in a dose-dependent manner. It was interesting to note that 
higher concentrations of CPT were not toxic to Vero cells.

Similar antitumor activity of CPT with apoptotic changes was reported 
by on MCF-7 cell lines [21]. Ganesan et al., 2015 [22], isolated CPT and 
in vitro cytotoxicity of CPT was screened against human cervical cancer 
HeLa cells. A significant death in the HeLa cells was observed in 100 µg/
ml of CPT in a dose-dependent manner.

The investigation revealed the endophytic A. niger isolated from P. beetle 
produced secondary metabolite CPT, by producing such biologically 
active compounds, the endophytic fungal population may be assisting 
the host to successfully withstand environment. The isolated CPT 
exhibited significant anticancer activity to colon cancer cell line HCT. 
The findings of this study also suggest that CPT is a useful anticancer 
drug lead for innovative and improved pharmaceuticals.

This present study revealed the endophytic existence of A. niger in 
beetle leaves. The endophytic fungi A. niger proved to be an efficient 
source for the isolation of secondary metabolite CPT. The isolated CPT 
can be demonstrated a significant anticancer activity against colon 
cancer cell line. Hence, CPT can be used as a potential lead compound 
in cancer research.
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