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ABSTRACT

Aims: This study aimed to investigate the in vitro toxicity activity of ethyl acetate extracts of
endophytic fungi isolated from soursop leaves (Annona muricata L.) against colon cancer and
analyse the bioactive compounds from the fungal extract with best anticancer activity using Gas
Chromatograph-Mass Spectrometer (GC-MS).

Study Design: The experimental design used was a completely randomized factorial design with
two factors, the type and concentration of endophytic fungi extract.

Place and Duration of Study: Industrial Microbiology Laboratory of Biology Research Center,

*Corresponding author: E-mail: pakzainalhasan@gmail.com;
E-mail: f.reza.arifni@gmail.com;
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Indonesian Institute of Sciences (LIPI) Cibinong-Bogor, Laboratory of Microbiology and Immunology
of Center for Animal and Primate Studies of Bogor Agricultural University and Center of Forensic
Laboratory, conducted from March 2016 to March 2017.

Methodology: Cytotoxic property was determined using 3-(4,5- dimethylthiazol-2-yl)-2,5-
diphenyltetrazoliumbromide (MTT) assay method. Entophytes were extracted using ethyl acetate
solvent. Extract of ten isolates (at concentration of 100 ug/mL) were examined for the inhibition
effect to WiDr cancer cells. Five isolates that showed significantly high inhibition effect (P<0.05)
were further selected for IC5, determination against WiDr cell lines at extract concentration of 25, 50,
100, 200 and 400 ug/mL. Three isolates that significantly showed high activity (P<0.05) were
chosen, and then measured for their toxicity (ICsy value) to normal cell (Chang cell lines) at
concentration of 25, 50, 100, 200 and 400 pg/mL. The bioactive compound of the isolate which had
the lowest toxicity to normal cell was then analysed using GC-MS.

Results: Fungal extracts of ten isolates were examined for their cytotoxicity to WiDr cancer cells
with the result showed that isolate of Sir-CA1, Sir-CA2, Sir-G2, Sir-G4 and Sir-SM2 had high
inhibitions. From the five fungal extracts, isolate of Sir-CA1, Sir-G2 and Sir-SM2 showed high
cytotoxicity to WiDr cancer cell. Among the three isolats, fungal extract of isolate from Sukabumi
(Sir-SM2) showed the lowest toxicity to normal cell was analysed on secondary metabolite
compounds using GC-MS. The fungal extract contained ester group, alkaloid, saturated fatty acid,
unsaturated fatty acid, terpene, terpenoid and aromatic compounds.

Conclusion: Ethyl acetate extracts of endophytic fungi Sir-SM2 isolated from soursop leaves
(Annona muricata L.) had high cytotoxic effect on colon cancer cell (IC5,=20.80 ug/mL) and the
lowest toxicity to normal cell compared with other fungal extracts (IC5,=63.69 pug/mL). The analysis
of bioactive compounds with GC-MS showed that fungal extract of isolate Sir- SM2 contained
compounds such as alkaloid, saturated fatty acid, unsaturated fatty acid, terpene and terpenoid that
had function as anticancer.
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1. INTRODUCTION

The mechanism of inhibition or treatments to
cancer is very complex. Lately, there have been
many studies that reveal the mechanisms in
inhibition of tumor or its healing. Treatments
commonly used in cancer patients include
surgery, chemotherapy, radiation therapy,
targeted therapy and immunotherapy [1]. Side
effects arising from cancer treatment are quite
diverse, including hair loss, premature
monopause, fatigue, infection, mouth and throat
injuries, memory problems and so on [2].
Treatment using herbal and phytochemical
compounds derived from plants is known as an
equally effective treatment step. Several clinical
studies had reported a beneficial effect of herbal
treatment in survival and immune modulation of
cancer patients [3].

Cancer diseases have many types and some of
them are colorectal cancer and cervical cancer.
Colorectal cancer is a type of cancer suffered
by men and women with a high prevalence of
death in Indonesia after lung cancer and liver
cancer of 10.2% in men and of 8.5% in women
respectively [4]. Colorectal cancer itself is divided

into two, those are colon cancer and rectum
cancer. According to the American Cancer
Society (2017) the number of colon cancer
patients is much greater than patients of rectum
cancer [5].

Medicinal plants that contain secondary
metabolite compounds and show significant
antioxidant activity may play an important role for
the treatment of cancer [6]. Secondary
metabolite compounds are isolated from the
plants, fungi, bacteria and many other
organisms. Endophytic microbes such as fungi
and bacteria have been a source of various
bioactive compounds [7]. Plant endophytic fungi
have been recognized as novel resources of
natural bioactive products, especially in
production of anticancer compounds [8]. These
bioactive compounds showed cytotoxic activitiy
against some types of cancer lines [9,10]. Many
studies had been done to investigate the
potential of endophytic fungi as cytotoxic agents
against cancer cell lines.

Study of Astuti et al. [11] demonstrated the ability
of three endophytic fungi (namely DP2, DP6 and
E2) isolated from Artemisia annua L. to inhibit



WiDr cell proliferation with 1Cs, values of 332.9,
128.9, 79.8 pg/mL respectively. Another study
of Astuti et al. [11] informed that the endophytic
fungus namely BS1 had showed the inhibtion
to WiDr cell line with IC5 of 120.38 pg/mL
[12].

Soursop plant (Annona muricata L.) is widely
distributed in the mainland south asia and
southeast asia including Indonesia and has been
used traditionally for treatment of various
diseases. This is one of herb plants that contains
bioactive compounds as antioxidant and its
bioactive compounds play an important role in
the treatment of cancer [13]. According to study
of Baskar et al. [14] that soursop leaf (Annona
muricata L.) had strong antioxidant activity of 70
pg/mL. Various studies had been conducted on
the use of bioactive compounds as antioxidant
and can be linked to the decrease of cancer in
humans [14].

The production of bioactive compounds through
microbial endophytes isolated from plant are also
potential to be developed into drugs [15]. With
the knowledge of the potential of the active
compound from endophyt fungi, the use of this
compounds as anti-cancer drugs will be widely
open without having to use soursop fruit in large
quantities.

Previous study of Minarni [16] showed activity
from endophytic fungal extracts isolated from
soursop leaves (Annona muricata L.) were
potential as breast anticancer MCF-7 with best
ICso value of 19.20 £ 7.71 ug/mL, so further
investigation was needed on the effect of
cytotoxic extracts from endophytic fungi isolated
from soursop leaf against other cancer cells
[16]. This study aimed to identify the cytotoxic
activity of endophytic fungal extract on colon
cancer cell (WiDr) and normal cell (Chang) in
vitro and to analyse the compound content from
the endophytic fungal extract with the best
activity.

2. MATERIALS AND METHODS
2.1 Source of Endophytic Fungi

Ten isolates of endophytic fungi were obtained
from Rahman’s research [17] from three districts
in Java Island of Indonesia, those were from
Cianjur (Sir-CA1, Sir-CA2, Sir-CA3), Garut (Sir-
G2, Sir-G3, Sir-G4, Sir-G5) and Sukabumi (Sir-
SM1, Sir-SM2, Sir-SM3).
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2.1.1 Cultivation of endophytic fungi

The fungi culture maintained in Malt Extract
Glucose Yeast Extract Peptone Agar (MGYPA)
medium aseptically and then incubated at 29°C
for two days. Bioactive compound and secondary
metabolite were obtained from stationary phase
of each isolates in liquid culture, by culturing
each fungi in Malt Extract Glucose Yeast Extract
Peptone Broth (MGYPB) medium and incubated
at 29°C for 21 days [18,19].

2.1.2 Extraction metabolite compounds of
endophytic fungi

Bioactive compounds were extracted using ethyl
acetate as organic solvent according to Minarni
[16]. Endophytic fungi that had been cultivated
for 21 days were then extracted to obtain the
main compounds. Fungi grown in 150 mL of
MGYPB medium that were added 150 mL
distillate of ethyl acetate solvent, then shuffled
manually for 30 min. The top layer of the fraction
was poured into a boiling flask and evaporated
using a rotary vacuum evaporator at 36°C then
the concentrated extractdried with a stream of
nitrogen gas. Crude extracts obtained were
stored at 3°C until analyses [20].

2.1.3 Cytotoxic activity

The cytotoxic potential of organic extracts
derived from the fermented broths of individual
endophytes was tested against two cell lines i.e.
Colon cancer cell lines (WiDr, ATCC®-cCL ™
218) and Normal liver cell line (Chang, ATCC®-
CCL ™ 13). Both of the cell lines were cultured in
cell growth medium RPMI-1640 (Roswell Park
Memorial Institute) supplemented with 10% heat
inactivated fetal bovine serum (FBS) and 1%
penicillin/streptomycin, then maintained at 37°C
in 5% of an atmospheric CO,. About 100 pL of
media containing 5x10° cells was added to 96-
well plate and incubated for 48 h until 70%-80%
confluent. The negative control used for the initial
assay was cancer cells without treatment, while
the positive control was cancer cells injected with
doxorubicin solution at concentration of 6 ug/mL.
Fungal extracts of ten isolates were tested using
concentration of 100 mg/mL to WiDr cancer cell.
Both control and tested fungal extracts were
inoculated in 96 well plate and incubated at
37°C for 24 hour. Cytotoxic assay was
conducted using 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay and
dissolved in 1x Phosphat Buffered Saline (PBS).
The absorbance of living cell was measured



using an Elisa reader type Benchmark Bio-Rad
at wavelength of 595 nm. Five isolates with
highest inhibition were chosen for further
cytotoxic assay to WiDr cancer cell at various
concentrations of 25, 50, 100, 200 and 400
pg/mL respectively to obtain ICsy value. The
fungal extracts of five isolates with the highest
cytotoxity to cancer cell then were tested for their
toxicity to normal cells (Chang cell) at various
concentrations of 25, 50, 100, 200 and 400
pug/mL respectively to obtain 1Csy value. The
concentration of extracts required to kill 50% of
cell population (ICsq) was determined from data
generated by plotting a dose-response curve
[12,21].

2.1.4Gas chromatography-mass spectrometry
(GC-MS) analysis

The crude of ethyl acetate extract of endophytic
fungi with the high toxicity to WiDr cell and the
lowest toxicity to Chang cell was was analyzed
using Agilent 5973 gas chromatograph equipped
with Agilent 5973 MSD detector to identify the
bioactive compounds. The sample was injected
via an all-glass injector working in the split mode,
with Helium as the carrier gas with a flow rate of
1.0 mL/min and injection volume of 1 pL (ratio
10: 1). The Agilent 19091S-436 HP-5MS fused
silica capillary column (Length — 60 m; Film
thickness- 250 um; 1.D 0.25 ym) was used.
Injection temperature at 290°C with split mode
and pressure at 18.38 psi. The GC MS was
maintained to detect compound with average
size of 40-500 mass. MS conditions were with
MS quad temperature of 150°C and MS source
temperature of 250°C. The mass spectrum was
taken at 70 eV with a scan interval of 0.5 second.
The GC-MS mass spectrum interpretation was
performed using WILEY and NIST (National
Institute of Standards and Technology)
databases [20,22].

2.2 Statistical Analysis

The experimental design used in analyzing the
results of this study was a Completely
Randomized Design (CRD) with two factorials
the type of ethyl acetate extract of endophytic
fungi and variation concentrations of extract. The
data obtained were analyzed using one-way
ANOVA. A significant difference between the
extracts was assessed by the Tukey test with
95% confidence level. All data were expressed
as mean = standard deviation (SD)(number of
replicate=3) with Pvalue<0.05 was considered
significant.
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3. RESULTS AND DISCUSSION
3.1 Extract of Endophytic Fungi

Identification of ten fungal isolates from previous
research [17], was done based on macroscopic
characteristics, and morphological identification
included color of colony, texture of colony, edge
of colony and diameter size of colony [16] and
also using molecular identification based on ITS
(Internal Transcribed Spacer) ampilfication. The
extraction of endophytic fungi was expected to
produce crude extracts containing anticancer
compounds. Ethyl acetate was choosen as
solvent for extraction of anticancer compounds,
as this solvent known has low toxicity, easy to
evaporate and has semi polar character. Semi
polar character could bind both polar and non
polar compound of fungal extract [23,24]. As
reported by Putri et al. [25] that ethyl acetat
solvent could extract various compounds such as
alkaloid, flavonoid, saponin, tannin, polyphenol,

and triterpenoid group compound from
mangosteel peel extract.
Then isolates of endophytic fungi produced

different amount of extract from 11 mg to 35 mg
from 150 ml of broth culture medium as shown in
Tabel 1. This variation due to the different
bioactive compounds contained in the each
endophytic fungus [26,27]. It is reported that
endophytic fungi from the same host plat, could
contain identical bioactive compound but shown
different activity [6]. Table 1 show the production
of endophytic extract from ten endophytic
isolates using ethyl acetate solvent.

Table 1. The extract result obtained from
endophytic fungi isolated from soursop

leaves
No Sample Weight (mg)
1 Sir-CA1 14
2 Sir-CA2 35
3 Sir-CA3 11
4 Sir-G2 16
5 Sir-G3 13
6 Sir-G4 28
7 Sir-G5 31
8 Sir-SM1 12
9 Sir-SM2 20
10 Sir-SM3 15

3.2 Cytotoxic Activity to WiDr Cell Lines

The reduction of 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) reagents by



the enzyme succinic dehydrogenase in living
cells is able to be relied upon to check for cell
proliferation of cancer cell [28]. Ten isolates of
endophytic fungi showed anticancer activity as
shown in Fig. 1. The five highest anticancer
activity were isolate of Sir-CA1, Sir-CA3, Sir-G2,
Sir-G4 and Sir-SM2 (Fig. 1).

The WiDr cell is cancer cell with a high
expression of cycolooksigenase-2 (COX-2) that
promotes excessive cell proliferation [29]. COX-2
is induced by cytokines, growth factors and other
agents [30]. Anticancer agents in the extracts of
endophytic fungi were able to induce apoptosis
of cell cancer. That early cell apoptosis
undergoes a series of morphological changes in
which a plasma membrane leak occurs.

Extracts of endophytic fungi had the ability to
induce apoptosis of cancer cell that was caused
by some metabolite compounds produced such
as hexahydro- pyrrolo [1,2-a] pyrazine-1,4-dione
and  hexahydro-3-(2-methylpropyl)-Pyrrolo[1,2-
a]pyrazine-1,4-dione as alkaloid compound.
Hexahydro-3-(2-methylpropyl)-Pyrrolo[1,2-
a)pyrazine-1,4-dione been reported in study of
Lalitha et al. [31] that it could induce apoptotic
morphological changes and DNA fragmentation
in the cancer cells, which indicated that this
alkaloid compound induced apoptosis in A549
and Hela cancer cells. Hexahydro-pyrrolo[1,2-
alpyrazine-1,4- dione was also known had the
strong antioxidant activities [32,33]. Antioxidant
had been evaluated could induce DNA double-
strand breaks and led to apoptosis [34]. The
decrease in cell viability and cell proliferation in
MTT testing showed induction of apoptotic
activity. Morphological changes in WiDr cancer
cells according to Ota et al. [30] that
morphological changes were closely related to
anticancer or cytotoxic activity. Morphological
changes were seen in WiDr cancer cells by
comparing cells with treatment by extracts and
without treatment [35]. The WiDr cell in the
controlled treatment was round, protected by a
clear cell wall and glowed under a microscope
while after being treated undergoes
morphological changes to be smaller or
shrunken with lower cell density. WiDr cancer
cells that were given positive control treatment
of doxorubicbin showed all cells became
shrunken.

Then the five extracts With the highest inhibition
on WiDr cancer cell were re-tested using five
concentration variations of 25, 50, 100, 200 and
400 pg / mL. The result of inhibition absorbance
test of cytotoxic activity extract was then
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calculated to find ICsq value (Table 1). The
value of ICsq is the concentration of extract
required to inhibit the growth of cancer cells by
50% [36].

Table 2. IC5, value of ethyl acetate extract of
endophytic fungi on the WiDr cell

Sample IC5 (ug/mL)
Sir-CA1 8.82 +0.23°
Sir-CA2 79.98 £7.21°
Sir-G2 8.48 £ 0.15°
Sir-G4 41.02 £7.42°
Sir-SM2 20.80 £ 4.12°
Different letters show significant differences in the
Tukey test (P<0.05)

Based on the the American National Cancer
Institute in the study of Itharat et al. [37] that a
crude extract for preliminary assay has the
criteria of cytotoxicity activity (capable of
inhibiting 50% of cancer cell population) if it has
an ICsy value <30 pg / mL (at concentrations
below 30 ppm).

The results showed that Sir-CA1,Sir-G2 and Sir-
SM2 extracts had strong cytotoxic activity against
WiDr cells with ICsq values of 8.82 £ 0.23 ug/mL,
848 + 0.15 pg/mL and 20.80 + 4.12ug/mL
respectively. Based on study of Fitri [38] that
ethanol extract of soursop leaves has anticancer
activity against WiDr cells with 1Cs, value of
5.573 £ 1.60 pg/mL. Sir-G2 and Sir-CA1 extracts
showed best toxicity activity against colon cancer
cells as well as Fitri’s study. The value of 1Csq Sir-
SM2 was also evaluated as fungal extract with
high toxicity was less than 30 pg/mL.

Cytotoxic activity of ethyl acetate extract from
soursop leaf against colon cancer cell lines has
not been widely reported.

3.3 Cytotoxic Activity to Chang Normal
Cell

One of desired criteria for new anticancer agent
is low toxicity against Normal cells [39].
Therefore the chosen isolates were Sir-CA1, Sir-
G2, and Sir -SM2, then tested to normal cell line
(Chang cell) (Table 3). Aceptable ICsy value of
new anticancer compound is less than 30 ug/mL
for cytotoxicity screening of crude plant extracts
[37]. Fungal extract of isolate Sir -SM2 gave ICs
value for anticancer activity of 20.80 ug/mL and
compared to isolates of Sir-CA1 and Sir-G2,
isolate Sir -SM2 gave the lowest toxicity for
normal cell (IC5, = 20.80 pg/mL).
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Fig. 1. Cytotoxic activity of endophytic extract to WiDr cells at concentration of 100 pg / mL

Fig. 2. Morphology of colon cancer cell lines (WiDr cell) after treatment with extract of
endophytic fungi isolated from soursop (Annona muricata L.) leaves at concentration of
100 pg/mL
Description: a = control without treatment, b = doxorubicin as control positive, ¢ = Sir-CA1 extract treatment,
d = Sir-CA2 extract treatment, e = Sir-CA3 extract treatment, f = Sir-G2 extract treatment, g = Sir-G3 extract
treatment, h = Sir-G4 extract treatment, i = Sir-G5 extract treatment, j = Sir-SM1 extract treatment, k = Sir-SM2
extract treatment, | =Sir-SM3 extract treatment (observed by canon microscope Inferted, Dyno Eye camera size
1280x1024 units: inch) at 10x magnification)




Table 3. IC5, value of ethyl acetate extract of
endophytic fungi on the Chang cell

Sample ICs (Mg/mL)
Sir-CA1 8.23 +0.14°
Sir-G2 23.65 + 0.65"
Sir-SM2 63.69 + 6.25"
Different letters show significant differences in the
Tukey test (P<0.05)

These data indicated that Sir-SM2 extract was
actively inhibit/ kill colon cancer cells, but had
smallest toxicity for normal cells compared with
extracts from Cianjur and Garut.So Sir-SM2 was
chosen as the best isolate for the further analysis
of Gas Chromatography-Mass Spectrometry
(GC-MS).

3.4 GC-MS Analysis

The mass spectrum of the unknown component
was compared with the spectrum of the known
components stored in the NIST and WILEY
library. The compounds were tentatively
identified on the basis of the NIST and WILEY
data base by virtue of comparisons made of the
actual mass spectral data acquired on each
compound to the data base [40]. The
chromatogram and the spectral analysis along
with the name, molecular weight and structure of
the components of the endophytic fungi were
shown below in Fig. 3. Forty-six peaks were
detected on the chromatogram of GC-MS
analysis with retention time of 5.747 to 20.74
minutes with different quality. Eighteen high-
quality chemical compounds (quality = 80) are
bioactive compounds contained in the extract.

Eighteen compounds can be classified into
carboxylic acids (3-methyl-2-butenoic acid and n-
Hexadecanoic acid), aromatic compounds (5-
ethyldihydro-2(3H)-Furanone and 1-amino-2-
methyl-9,10-Anthracenedione),  alcohol (D-
Fenchyl alcohol), terpenoids (1,7,7-trimethyl-
Bicyclo[2.2.1]heptan-2-one), alkanes (1,3-
dimethyl-1-cyclohexene), terpene (a, a, 4-
trimethyl-(S)-3-cyclohexene-1-methanol),
alkaloids hexahydro-3-(2-methylpropyl)-
Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-
Pyrrolo [1,2-a] pyrazine-1, 4-dione, 2-tert-
Butylquinoline and 4-(3-Methyl-2-butenyl)-1H-
indole), saturated fatty acid (74-methyl-
Pentadecanoic acid), unsaturated fatty acids
(9,12-Octadecadienoic acid (Z,Z)), esters (2-
depentyl-Perhydro-htx-2-one) and aldehydes
(Acridine-9-carbaldehyde), ketones ((E,E)-2-
methyl-6-oxo-2,4-heptadienal and 3-Hydroxy-4-
methoxyacetophenone).
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Six compounds have anticancer activity such as
hexahydro-3-(2-methylpropyl)-Pyrrolo[1, 2-
ajpyrazine-1,4-dione (with abundance of 1.59%)
[41, 42], hexahydro-Pyrrolo [1,2-a] pyrazine-1, 4-
dione (2.56%) [31,42,43], n-hexadecanoic acid
(3.44%) [44-46], 9,12-Octadecadiencic acid
(Z,2)(1.51%) [47-50], 1,7, 7-trimethyl-
Bicyclo[2.2.1]heptan-2-one (0.34%) [51-53] and
a, a, 4-trimethyl-(S)-3-cyclohexene-1-methanol
(0.69%) [54-56]. These bioactive compounds
belong to a group of alkaloid, carboxylic acids,
unsaturated fatty acids, terpenoids and terpenes
compounds.

Other bioactive compounds such as 74-methyl-
pentadecanoic acid (0.41%) have antioxidant
activity [57], acridine-9-carbaldehyde (2.62%)
with its ability as an anticonvulsive drug [58], 3-
hydroxy-4-methoxyacetophenone (3.69%) had
analgesic effects [59], (E, E) -2-methyl-6-ox0-2,4-
heptadienal (29.29%), D-Fenchyl alcohol (0.36%)
and 5-ethyldihydro- 2 (3H) -Furanone (1.65%)
used as ingredients in foodstuff [60-62]. There
were several compounds that had not reported
on the activity in the literature of studies such as
3-methyl-2-butenocic acid (2.29%), 1,3-dimethyl-
1-cyclohexene (0.66%), 2-tert-Butylquinoline
(2.14%), 4- (3-Methyl -2-butenyl) -1H-indole
(1.26%), 2-depentyl-Perhydro-htx-2-one (0.44%)
and 1-amino-2-methyl-9,10-Anthracenedione
(2.78%).

This study provided evidence for cytotoxicity in
WiDr and Chang cell lines which may be due to
existing phytochemicals in the extract as
mentioned previously. Alkaloid compounds
(hexahydro-3-(2-methylpropyl)-Pyrrolo[1, 2-

ajpyrazine-1,4-dione and hexahydro-Pyrrolo [1,2-
a] pyrazine-1, 4-dione) in endophytic fungal
extract of isolate Sir-SM2 have alkylating activity
that can cause DNAstrand breakage and
damage, leading to the cells death not only to
cancer cell but also normal cell. These IC5, data
are interesting as it suggests that the fungal
extract is more toxic for cancer cells than on
normal cells. An crude extract is considered safe
when having ICs, is more than the provision limit
set by American National Cancer Institute
(30 pg/ml) [63]. For the best result of fungal
extract as anticancer agent against cancer cell
lines without damaging normal cells, the
dosages, the routes of administration and the
treatment procedures are very important for the
further investigation. The transformation of
chemical structures and the application of new
drug delivery systems may reduce the toxicities
of these extract compounds particularly for
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Fig. 3. GC/MS Chromatogram of ethyl acetate extract of endophytic fungi isolated from ursop
(Annona muricata L.)

normal cell line [64]. The isolation and use of
selective cytotoxic compounds to cancer cells
can be of pharmacological importance for the
further investigation of this study.

4. CONCLUSION

This study proved that crude ethyl acetate extract
of endophytic fungi Sir-SM2 isolated from
soursop (Annona muricata L.) leaf obtained from
Sukabumi was potential as natural anticancer
which had high cytotoxic effect on colon cancer
cell and low toxicity effect on normal cell. The
compounds of fungal extract of isolate Sir-SM2
identified by GC-MS analysis contained some
compounds which had antioxidant activity from
14-methyl-pentadecanoic acid compound and
hexahydro-pyrrolo[1,2-ajpyrazine-1,4- dione and
also anticancer activity from hexahydro-3-(2-
methylpropyl)-Pyrrolo[1,2-a]pyrazine-1,4-dione,

hexahydro-Pyrrolo [1,2-a] pyrazine-1, 4-dione, n-
Hexadecanoic acid, 9,12-Octadecadienoic acid
(Z,2), 1,7,7-trimethyl-Bicyclo[2.2.1]heptan-2-one
and a, a, 4-trimethyl-(S)-3-cyclohexene-1-
methanol. The results showed that endophytic
fungi isolated from soursop (Annona muricata L.)

leaves could be used as a potential candidate for
drug development for anticancer.
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