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ABSTRACT
Colorectal cancer is the tenth most common form of malignant tumor of hospital inpatients in
Indonesia. Advance approaches in anticancer development is discovery molecular-targeted drugs.
Molecular targets for anticancer drug have been identified including genes associated with cell
cycle control and angiogenesis. Previously, an active and selective compound against WiDr from
Tithonia diversifolia (Hemsley) A. has been isolated. The aim of this study was to evaluate the
effect of the isolated active compound from T. diversifolia on the WiDr cell cycle and angiogenesis.
Isolation of the active compound was performed by preparative thin layer chromatography (TLC)
method. WiDr cell cycle was analyzed by flowcytometry using propidium iodide (PI).
Antiangiogenesis effect was evaluated by immunocytochemistry method using anti-human VEGF
monoclonal antibody. The results showed that the effect of the isolated active compound on
the WiDr cell cycle depended on the concentration and the incubation time periods. At
concentration of 4 µg/mL, it inhibited the WiDr cell cycle SubG1 phase after 36 and 48 hours
incubation and G1 phase after 72 hours incubation. While at concentration of 8 µg/mL, it clearly
inhibited the WiDr cell cycle G1 phase after 36, 48 and 72 hours incubation. Furthermore, the
isolated active compound at concentration of 4 µg/mL significantly inhibited the VEGF expression
until 47.38% compared to control. In conclusion, the isolated active compound from T. diversifolia
inhibited cell cycle and angiogenesis of WiDr cell.

ABSTRAK
Kanker kolorektal merupakan tumor ganas paling umum ke 10 yang dijumpai pada pasien rawat
inap di rumah sakit di Indonesia. Pendekatan terkini dalam pengembangan antikanker adalah
penemuan obat dengan target kerja di tingkat molekuler. Target molekuler untuk obat antikanker
telah diidentifikasi di antaranya gen yang berperan dalam siklus sel dan angiogenesis. Penelitian
sebelumnya menunjukkan sebuah senyawa aktif dan selektif terhadap sel WiDr dari Tithonia
diversifolia (Hemsley) A. telah berhasil diisolasi. Penelitian ini bertujuan untuk mengkaji pengaruh
pemberian senyawa aktif hasil isolasi dari T. diversifolia terhadap siklus sel dan angiogenesis sel
WiDr. Isolasi senyawa aktif dilakukan dengan kromatografi lapis tipis (KLT) preparatif. Siklus sel
WiDr dianalisis dengan flowsitometri menggunakan propidium iodida (PI). Efek angiogenesis
dikaji menggunakan metode imunositokimia menggunakan antibodi monoklonal anti-human VEGF.
Hasil penelitian menunjukkan efek senyawa aktif hasil isolasi terhadap siklus sel WiDr tergantung
pada konsentrasi dan masa inkubasi. Pada konsentrasi 4 µg/mL, senyawa ini menghambat siklus
sel WiDr fase SubG1 setelah inkubasi 36 dan 48 jam dan fase G1 setelah inkubasi 72 jam.
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Sedangkan pada konsentrasi 8 µg/mL, senyawa ini dengan jelas menghambat siklus sel WiDr
fase G1 setelah inkubasi 36, 48 dan 72 jam. Lebih lanjut senyawa aktif hasil isolasi pada konsentrasi
pada 4 µg/mL secara nyata menghambat ekspresi VEGF hingga 47.38% dibandingkan kontrol.
Dapat disimpulkan senyawa aktif hasil isolasi dari T. diversifolia menghambat siklus sel dan
angiogenesis sel WiDr.
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INTRODUCTION

Cancer has become a serious health problem
in Indonesia. Cancer is the fifth leading cause
of death in Indonesia. It was reported that
cervical, breast, skin, rectum, nasopharynx,
ovary, lymphnode, colon, thyroid and soft tissue
cancer are ten types of cancer that most often
found among cancer patients.1 Colorectal cancer
is the third most common form of cancer found
in men and the second in women in the world’s.
The colorectal cancer causes 8% of cancer
death with approximately 608.000 deaths
annually. In Indonesia, colorectal cancer is the
tenth most common form of malignant tumor of
hospital inpatients.3

New approaches to anticancer drug
development involve the discovery of
molecularly targeted anticancer agents having
selective of action to cancer cells without toxic
to normal cells.4 Several molecular targets for
anticancer drug discovery and development
have been identified including genes associated
with cell cycle control and angiogenesis.5 A
wide range of plants have been reported contain
compound with cell cycle or angiogenesis
modulating properties. Moreover, some plant-
derived anticancer drugs including taxol,
camptothecin and combretastatin are
antiangiogenic.5,6

Tithonia diversifolia (Hemsley) A. Gray,
locally known as kembang bulan, has been
reported to have anticancer activity by some
authors. Chloroformic extract of T. diversifolia,

chloroformic insoluble fraction, as well as
benzene-washed insoluble fraction III from the
chloroformic extract have been proven to have
cytotoxic effect on HeLa cells.7-9 Further study,
an active compound was isolated and its the
cytotoxic effect on HeLa cells was evaluated
with an IC50 value of 5.86 µg/mL. Moreover
this active compound caused apoptosis by
increasing p53 expression.10-12 Wahyuningsih and
Wijayanti13reported that the isolate of B2 is the
most active and selective compound against
WiDr cell line with an IC50 value 0.59 ug/mL
and selectivity index of 69.02.

An active compound known as tagitinin C
has been isolated from methanolic extract of T.
diversifolia and the inhibitory activity against
malignant glioblastoma has been reported.14

Furthermore, Garcia and Delgado15 isolated
tagitinin A and tagitinin C from T. diversifolia
that exhibited a cytotoxic effect on HCT-15 cells.
While Gu et al.16 reported that tagitinin C shows
antiproliferation activity on human colon cancer
(Col2) cells.

In this study, we evaluated the activity of
an active compound isolated from T. diversifolia
against WiDr cancer cells. The effect of this
isolated active compound on WiDr cell cycle
and its angiogenesis was also evaluated. 5-
Fluorouracil was used as positive control in
this study due to this anticancer agent is
frequently used to treat several types of cancer
including colorectal cancer.
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MATERIALS AND METHODS

Isolation of the active compound from T.
divesifolia

The active compound from T. diversifolia
leaves was isolated from chloroformic extract
in laboratory of Pharmacology and Therapy,
Faculty of Medicine, Universitas Gadjah Mada,
Yogyakarta. The isolation of the active
compound was performed by preparative thin
layer chromatography (TLC) method using
silica gel GF254 as stationary phase and mixture
of benzene and ethyl acetate in the ratio of 2:1
(v/v) as mobile phase. Visualisation of the bands
of the isolated active compound was performed
using UV light at 254 and 366 nm. The isolated
active compound having similar band or
retardation factor (Rf) with the standard
compound isolated by Soeprapto8 was subjected
to isolate and used for further investigation.

Cell culture and cytotoxicity assay
WiDr cell lines were cultured in culture flask

containing containing complete Dulbecco’s
ModifiedEagle’s Medium(DMEM) supplement-
edwith10%FBSand1%penicillin-streptomycin.
Cultures were maintained in 5% CO2 incubator at
37°Cand fedevery 3days withcomplete DMEM.
Confluent cells were trypsinized, and harvested
cells were used for experiments.

Cytotoxicity of the isolated active
compound was evaluated on WiDr cells using
the MTT [3-9,4,5-dimethylthiazole-2-yl-2,5-
diphenyltetrazolium bromide assay]. Cells were
distributed in 96-wells microplates at 2 x 104

cells per well in 100 mL and 100 mL of
complete DMEM were added. The cell cultures
were then incubated in 5% CO2 incubator at
37oC for 24 hours.After incubation, the medium
was removed and replaced with new complete
DMEM containing various concentrations of the
isolated active compound tested. The cells
culture and the isolated active compound were

incubated again in 5% CO
2

incubator at 37oC
for 24 hours. After the incubation, the medium
was removed and the cells were resuspended
with DMEM. Ten 10 mL of 5 mg/mL MTT was
added and then further incubated for 4 hours.
The reaction was stopped by adding 100 mL of
10% sodium dodecyl sulfate (SDS) in 0.01N
HCl. Microculture plates were then shaken
gently for 5 minutes, covered with aluminium
foil and incubated at room temperature over-
night. Optical density (OD) of the microculture
plates was measured in an ELISA plate reader
at lmax 595 nm. The OD values were directly
proportional to the number of viability cells.
The OD values of plate in the presence of
isolated active compound tested were compared
with that of control cultures without isolated
active compound tested to obtain cells growth
inhibition. Inhibitory Concentration 50% (IC50)
values were then determined by probit
regression analysis based on the relationship
between log concentrations versus the
percentage of cells growth inhibition. 5-
Fluorouracil was used as positive control.

Cell cycle analysis

Cells cycle analysis was conducted by
flowcytrometry. WiDr cell cultures were
distributed onto 24-well plates at density of 5 x
105 cells per well and incubated in 5% CO2

incubator at 37°C overnight. After overnight
incubation, the WiDr cells culture were treated
with 500 µL of the isolated active compound
tested at 2 different concentrations which were
equivalent to the value of IC50 and 2 IC50 or 5-
fluorouracil for 24, 36, 48 and 72 hours.
Following after incubation, the cells were
collected and harvested. After centrifugation,
cell pellets were then washed twice with 500
µL of cold PBS. Cells were then incubated with
400 L of 50g/mL propidium iodide reagent
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at 37°C for 10 minutes and transferred to
flowcytotube. The cells were immediately
analyzed by FACS Calibur flowcytometer to
evaluate cell cycle profile. Flowcytometric data
were analyzed using Cell Quest program to
evaluate the cells distribution at each phase of
the cell cycle namely the sub G1 (apoptosis), S,
G2/M, and the cells undergoing polyploidy. The
cell cycle inhibition was observed by
comparing the cells distribution at G0/G1 and
G2/M phases of treated and untreated cells.

Antiangiogenesis assay
Antiangiogenesis activity was analyzed by

immunohistochemistry. WiDr cell cultures were
distributed onto 24-well plates at density of 5 x
104 cells per well and incubated in 5% CO2

incubator at 37°C overnight. After overnight
incubation, the WiDr cells culture were treated
with 500 µL of the isolated active compound
tested and 5-fluorouracil at concentrations of 4
and 60 µg/mL, respectively and incubated for
15 hours. Following incubation, the medium was
removed and the cells were rinsed in 500 µL of
PBS. The cells were fixed with 300 µL methanol
and incubated in freezer for 10 minutes. The
cells were rinsed three time in PBS and water,
respectively. The cells were then blocked with
serum blocking solution, incubated with a
primary anti-human VEGF monoclonal antibody
for 10 minutes and rinsed in PBS. Following
incubation, the cells were incubated with a
biotinylated universal secondary antibody for
10 minutes and rinsed again in PBS. The cells
were incubated with a streptavidine peroxidase
for 10 minutes at room temperature, rinsed in

PBS. The cells were then incubated with
diamino-benzidine for 10 minutes and rinsed
with water. The cells were then dried and
coverslipped. All coverslip were examined and
evaluated using light microscope with
magnification 400 times. The VEGF expression
was identified as a browncolor of the cytoplasmic
cell, while a blue color of cytoplasmic cell
indicated no expression of the VEGF.

Stastitical analysis
Data were presented as the mean ± standard

error of the mean (SEM). Statistical
comparisons were performed using analysis of
variance (ANOVA) continued by Tukey post-
hoc test. The differences between groups were
considered significant at a value of <0.05.
Protocol of the study was approved by the the
Medical and Health Research Ethic Committee,
Faculty of Medicine, Universitas Gadjah Mada,
Yogyakarta.

RESULTS

Isolation active compound from the leaves
of T. diversifolia

The TLC profile of the active compund
isolated from the leaves of T. diversifolia is
presented in FIGURE 1. The isolated active
compound shows a single band with purple
color on silica gel GF254 using visualisation
at UV 254 nm. This isolated active compound
has a similar band to isolated standard
compound with Rf value of 0.3. Moreover, both
of the isolated active compound and isolated
standard compound are not observed using
visualisation at UV 366 nm.
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FIGURE 1. The TLC profile of the isolated active
compound isolated from T. diversifolia
using silica gel GF254 as stationary phase
and mixture of benzene and ethyl acetate
in the ratio of 2:1 (v/v) as mobile phase
and visualisation using UV 254 and 366
nm. A. Standard compound; B. Sample.

Cytotoxicity of the isolated active
compound

The growth inhibition of WiDr cells in vitro
after incubation with the isolated active
compound isolated from T. diversifolia leaves
and 5-FU in various different concentrations
after 24 hours incubation is presented in TABLE
1. This study showed that the isolated active
compound and 5-FU inhibit the WiDr cells
growth in a dose-dependent manner.
Furthermore, the probit regression analysis
resulted the IC50 value of the isolated active
compound of 3.75 µg/mL. While the IC50of the
5-FU could not be determined due to in the
highest concentration (40 µg/mL), the growth
inhibition did not reach 50% (10.45%).
Therefore, it was assumed that the IC50 of 5-FU
is more than 40 µg/mL. This results indicated
that the isolated active compound is more active
than 5-FU against WiDr cells.

TABLE 1. The growth inhibition of WiDr cells (%) after 24 hours incubation with the isolated
active compound and 5-FU and its IC

50
value (µg/mL)
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The effect of isolated active compound on
cell cycle

The effect of the isolated active compound
and 5-FU as an anticancer control on the WiDr
cell cycle were evaluated by flowcytometry.
FIGURE 2 and FIGURE 3 show the WiDr cell
cycle profile after incubation with the isolated
active compound and 5-FU, respectively. Two
different concentrations of the isolated active
compound (4 and 8 µg/mL) and 5-FU (60 and
120 µg/L) and 4 different of the incubation time
periods (24, 36, 48 and 72 hours) were applied
in this study. FIGURE 2 shows that the effect of
the isolated active compound on the WiDr cell
cycle depend on the concentration and the
incubation time periods. The isolated active

compound at concentration of 4 µg/mL inhibited
the WiDr cell cycle SubG1 phase after 36 and
48 hours incubation and G1 phase after 72 hours
incubation. While the isolated active compound
at concentratin of 8 µg/mL clearly inhibited the
WiDr cell cycle G1 phase after 36, 48 and 72
hours incubation. Moreover, the inhibition of
the WiDr cell cycle S and G2/M phases were
also observed after 48 hours incubation.

A different results on the WiDr cell cycle
was observed after incubation with 5-FU
(FIGURE 3). 5-Fluorouracil at concentration of
60 and 120 µg/mL clearly inhibited the WiDr
cell cycle G1, S and G2/M phases after 72 hours
incubation. While after 48 hours incubation in
the both concentration, the inhibition of cell
cycle was just observed on S and G2/M phases.

FIGURE 2. The WiDr cell cycle profile after incubation with the isolated active compound
at concentration of 4 and 8 µg/mL for 24, 36 and 48 hours.
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FIGURE 2. The WiDr cell cycle profile after incubation with the isolated active compound
at concentration of 4 and 8 µg/mL for 24, 36 and 48 hours.

FIGURE 3. The WiDr cell cycle profile after incubation with the 5-FU at
concentration of 4 and 8 µg/mL for 24, 36 and 48 hours.
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FIGURE 3. The WiDr cell cycle profile after incubation with the 5-FU at
concentration of 4 and 8 µg/mL for 24, 36 and 48 hours.

The antiangiogenesis effect of the isolated
active compound

An example of VEGF expression in WiDr
cells after incubation with the isolated active
compound is shown in FIGURE 4. The positive
VEGF expression was identified as a brown
color of the cell cytoplasma (arrow heads).

FIGURE 4. VEGF expression in WiDr cells after
incubation with the isolated active
compound. Positive expression is shown
by brown staining (arrow heads).
Magnification of 400x.

The percentage of VEGF expression in
WiDr cells after incubation with the isolated
active compound and 5-FU is presented in

FIGURE 5. The percentage of the VEGF
expression after incubation with the isolated
active compound at concentration of 4 µg/mL
(3.31%) and 5-FU at concentration 60 µg/mL
(3.75%) were significantly lower than control
(6.29%) (p<0.05). It indicates that the isolated
active compound and 5-FU exhibit antiangio-
genesis againts WiDr cells.

FIGURE 5. Percentage of VEGF expression in WiDr
cells after incubation with the isolated
active compound and 5-FU

DISCUSSION

In this study an active compound has been
isolated from T. diversifolia. This compound
may have the same chemical structure with the
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active compound previously isolated by
Soeparto10 as indicated by the same Rf value
(0.3) and the same band using visualisation at
UV 254 nm. Furthermore, this active compound
is suggested as tagitinin C (1, 2-epoxytaginin
C) that previously isolated by Liao et al.14

The cytotoxicity testing showed that the
isolated active compound has potential cytotoxic
activity against WiDr cell line with an IC50 value
of 3.75 µg/mL. This cytotoxic activity of this
isolated active compound is higher than 5-FU
(>40 µg/mL), as positive control, indicating that
the isolated active compound is more active
against WiDr cell line (TABLE 1).

The effect of the isolated active compound
on cell cycle of WiDr cell indicated that this
compound inhibited non specifically on the cell
cycle (FIGURE 2). Some of anticancer agents
include alkylating agent, cisplatin, procarbazine
and nitrosourea are reported to inhibit non
specifically on the cell cycle.17 These agents
normally have a linear dose-response curve.18

In contrast, the anticancer agents that specifically
inbibit on cell cycle does not show a linier dose-
response curve.

The inhibition effect of the isolated active
compound on cell cycles of WiDr cell may be
caused its sesquiterpene lactones skeleton. It
was resported that the sesquiterpene lactones
isolated from T. diversifolia can inhibit NF-kB
activity that have an important role in the cell
cycle.19 The sesquiterpene lactones is
considered as an unsaturated carbonyl structure
,which has electrophilic properties and can
rapidly interact with protein or DNA molecules.
This interaction can cause DNA damage and
activate checkpoint of the cell cycle which is
an important mechanism of the inhibition of
tumor growth.20,21

This study also showed that the inhibition
profile of WiDr cell cycle of the isolated active
compound was different compared to 5-FU. The
isolated active compound inhibited non

specifically on the cell cycle include all of the
WiDr cell cycle phases, while 5-FU clearly
inhibited the G1, S and G2/M phases especially
after 72 hours incubation (FIGURE 3). The
effect of 5-FU on the WiDr cell cycle has been
reported by some authors. It is well accepted
that 5-FU inhibits the cancer cell cycle S
phase.18,22 However, Septisetyani23 and
Ikawati24 showed that 5-FU inhibits WiDr cell
cycle in time-dependent manner. The 5-FU
inhibits WiDr cell cycle G1 phase after 24 and
26 hours incubation, however after 48 and 72
hours incubation the inhibition was observed
on cell cycle subG1 phase.

Some factors can influence the cell cycle
profile using flowcytometry analysis include:
1) characteristic of the cell cycle; 2) incubation
time period; 3) preparation time of cell; 4)
method of cell viability evaluation; 5) quality
and concentration of reagents used in staining;
and 6) skills for staining techniques.

The VEGF expression on WiDr cell after
incubation with the isolated active compound
and 5-FU were significantly lower compared
to control (p<0.05) showing that the isolated
active compound and 5-FU exhibit antiangio-
genesis. Moreover, the effect of the isolated
active compound at concentration of 4 µg/mL
was comparable to the effect of 5-FU at
concentration of 60 µg/mL (FIGURE 5).

The mechanism of action of the isolated
active compound is suggested similar to three
sesquiterpene lactones i.e. as diversifolin,
diversifolin and methyl eter and tirotundin
isolated from T. diversifolia by Rungeler et al.20

These sesquiterpene lactones have been
reported to inhibit NF-B activity inhibition has
been proven. NF-B is a protein composing
subunit p50 and p65 that play critical roles in
inflammation, immunity, cell proliferation,
differentiation, and survival.21 Sesquiterpene
lactoones group are reported to inhibit NF-kB
trascription by alkylation on cysteine residue
p65 (Cys 38).25
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CONCLUSION

The active compound isolated from the
leaves of kembang bulan (T. diversifolia)
inhibits nonspecifically of WiDr cell cycle. In
addition, the isolated active compound inhibits
the VEGF expression of the WiDr cell.
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