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Abstract: The purpose of this study is to determine the cytotoxicity, cell cycle arrest and apoptotic activity of the
crude alkaloid from the root of P.cauliflora in human breast cancer cell line T47D. The alkaloid fraction was evaluated
cytotoxic activities on T47D and compared with normal African green monkey kidney ephitelial (Vero) cell lines by
using MTT assay. The cell cycle arrest and induction of apoptosis were evaluated by flow cytometry. We observed that
the crude alkaloid was cytotoxic and selectively the growth of T47D cells compared to untreated control in a dose-
dependent manner with an ICs, of 1.5+0.2 pg/ml. However, the crude alkaloid was not toxic to normal African green
monkey kidney ephitelial (Vero) cells with an selectivity index (SI) of 21.6. Flow cytometry analysis revealed that crude
alkaloid caused cell cycle arrest at G2/M phase and induced apoptosis. Hence, Pycnarrhena cauliflora displays
potential to be further exploited in the discovery and development of new anticancer agents.
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INTRODUCTION

Cancer is known as leading cause of death world wide
and has accounted for 7.6 million death (around 13 % of
all deaths) in 2008. Cancer related deaths are predicted to
increase to over 11 million in 2030 [1]. Breast cancer is
one of the most common human malignancies, which
accounts for 23% (1.38 million) of the total new cancer
cases and 14% (458,400) of the total cancer deaths in
2008 [2]. Although extensive preclinical and clinical
studies have in modest success in decreasing the
morbidity of breast cancer, to date no successful
chemotherapeutic drug is available to control this disease.
Every year, several thousands of new chemical entities
undergo screening in various cell culture but eventually do
not achieve drug status due to severe side effects. Thus,
identification of novel agents that are relatively safe but
can suppress growth of human breast cancers is highly
desirable.

Pycnarrhena cauliflora (Miers) Diels is one of
endogenous plant from West Kalimantan that locally well
known as Sengkubak [3]. Pycnarrhena cauliflora is one of
species of Menispermaceae family, plant family that is
rich in bisbenzylisoquinoline alkaloids. This alkaloid are

known to have various biological activities including
cytotoxic [4-6]. Although the leaves of P. cauliflora is
traditionally used by Dayak and Melayu ethnics as a
natural taste substance, its other utilization has not been
recognized, yet. A literature review showed that besides a
taxonomic description of the species there were no
detailed biological investigations describing
phytochemical properties of P. cauliflora except one
report demonstrating the cytotoxicity of P. cauliflora
extract against HeLa human cervical cancer cell line [7].
As part of our research program consist in evaluation of
the biological activities of bisbenzylisoquinoline alkaloids
from P. cauliflora, we reported here cytotoxic activities of
crude alkaloid of P. cauiflora roots against human breast
cancer cell line T47D. In addition, the ability of crude
alkaloid in induction apoptosis and cell cycle arrest we
also reported.

MATERIAL AND METHODS
Reagents

Rosewell Park Memorial institute 1640 medium (RPMI
1640), M-199 medium, phosphate buffer saline (PBS),
penicilin-streptomycin, fungizone/amphotericine B, and
Trypsin-EDTA 0.25%  were purchased from Gibco
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(Invitrogen, USA). Foetal bovine serum (FBS) and 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide
(MTT) were purchased from Sigma Chemical Company.
Pl/Rnase staining buffer was purchased from BD
Bioscience (SAN DIEGO, USA). Sodium dodecyl
sulphate (SDS) and dimethyl sulphoxide (DMSO) were
high purity analytical grade were purchased from Merck
(Darmstadt, = Germany), while commercial grade n-
hexane, dichloromethane, methanol were purchased from
CV. General Labora, Yogyakarta, Indonesia.

Extraction

Dried and milled roots of P. cauliflora (500 mg) were
first defatted with hexane for 3 days at room temperature,
then filtered. The plant residues were re-extracted five
times. After that they exhaustively extracted with
dichlorometane followed with methanol . Finally, the
combined extracts were concentrated in vacuum at 40°C
using a rotary evaporator. The methanol extract then
acidified by the addition of 0.1 N hydrochloric acid
solution. The acid solution was then filtered and made
alkaline with 0.1 N sodium hydroxide solution to pH 10
and  restricted  with dichloromethane.  The
dichloromethane extract was evaporated to dryness to
give the crude alkaloid. The crude alkaloid were used for
the cytotoxic activity, induction of apoptosis and cell
cycle arrest.

Cell Culture

Human breast cancer (T47D) and normal African
green monkey kidney epithelial (Vero) cell lines were
obtained from Parasitology Laboratory, Faculty of

Asample'Amedium

Percentage of viability =

AcontroI'Amedium

The cytotoxic dose that kills cells by 50% (ICxy)
was determined from Probit analysis. The selectivity
index (SI) was determined by the ratio between ICsy of

Selectivity index (SI) =

Medicine, Gadjah Mada University, Yogyakarta,
Indonesia. T47D and Vero cells were cultured in RPMI
1640 and M199 media, respectively and both media
were supplemented with 10% (v/v) foetal bovine serum,
2 % streptomycin—penicillin  and 5% amphoterizine.
Cells were maintained in 25 cm? flasks with 7 ml of
media and were incubated in a 5% CO, incubator at
37°C. Cells were harvested using 0.25 trypsine-EDTA
when they reach 70-80% confluence in culture flasks.

Cell viability assay

The cytotoxicity of T47D and Vero cells was tested by
the 3-(4,5-Dimethylthiazol-2-yl) 2,5-diphenyltetrazolium
bromide (MTT) assay. The T47D and Vero cells were
seeded at a density of 1x10* cells per well in a volume of
100 pL in 96-well plates and incubated overnight for
attachment . Cells were incubated with different
concentrations of crude akaloid of P. cauliflora for 24
h. After incubation, the media were removed and 100 puL
of RPMI and 10 uL. MTT (5§ mg MTT/mL solution) were
added to each well. The plates were incubated for 4 h.
Control cells received only the media without the tested
samples. The formazan crystals that formed in the viable
cells were solubilized with 100 ul of SDS- stopper in HCI
0.1 N. Absorbance at 595 nm was measured by
microplate enzyme-linked immunosorbent assay
(ELISA) reader. Each measurement was performed in
triplicate. The experimental data were absorbance of each
well, and then converted to percentage of viable cells.
Percentage of viability was calculated with the following
formula:

x 100%

the crude alkaloid on normal African green monkey
kidney epithelial (Vero) cell and 1Csq of the crude
alkaloid on cancerous T47D cell.

I1Cs of the crude alkaloid on normal African green monkey kidney ephitelial (Vero) cells

1Csq of the crude alkaloid on cancerous T47D cells

Sl value indicates selectivity of the sample to the
cell lines tested. Samples with an Sl greater than 3
were considered to have a high selectivity towards
cancerous cells [9-10].

Cell cycle and apoptosis analysis

Human breast cancer T47D cells were seeded in a 6-
well plate at a density 5 x 10° cells/ml and treated with 2
and 4 pg/mL of crude alkaloid of P. cauliflora roots
after 24 h incubation. The total population of cells,
including adhering and floating cells was harvested and
washed twice with PBS. After centrifugation at 600 x g
for 5 min, the cell pellet was washed twice with PBS and

re-suspended with 0.5 ml PI/RNase detection kit. The
cells were then incubated at room temperature for 15 min
in the dark. Cell cycle phase distribution of nuclear
DNA was determined by flow cytometry (Becton
Dickinson FACS Calibur) by analyzing at least 20,000
cells per sample. The percentage of cells in the GO/G1,
S and G2/M phases were analyzed by ModFit LT 3.0
Cell Cycle analysis software (Becton Dickinson). The
percentage of hypodiploid cells (Sub-G1) over total cells
was calculated and expressed as percentage of apoptotic
cells.

Statistical analysis
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Results were expressed as the mean + SD of data
RESULTS AND DISCUSSION

obtained from triplicate experiments.

Cytotoxic effect of the crude alkaloid of P. cauliflora roots in T47D cells
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Fig-1: The effect of the crude alkaloid of P. cauiflora on viability of T47D (A) and Vero (B) cells. Cells (1 x 10*
cell/well) were incubated for 24 h with different concentrations of crude alkaloid. Cell viability was evaluated as
the ability of cells to reduce MTT to blue formazan crystals.

In this study, we first examined cytotoxicity and
selectivity of crude alkaloid of P. cauliflora roots on
human breast cancer (T47D) and normal African green
monkey Kidney ephitelial (Vero) cell lines using the 3-
(4,5-Dimethylthiazol-2-yl) 2,5-diphenyltetrazolium
bromide (MTT) assay. As shown in Figure 1 A and 1B,
crude alkaloid inhibit the growth of T47D and Vero cells
in a dose-dependent manner. The growth of T47D cells
decreased  with increasing concentrations of crude
alkaloid. The half maximal inhibitory concenration (ICs)
value was determined from the probit analysis and set as a
parameter for cytotoxicity.

ICso values (ug/ml) of crude alkaloid of P.
cauliflora roots on both human breast cancer T47D cells
and Vero cells are summarized in Table 1. According to
the criteria of the American National Cancer Institute to
consider a crude extract promising for further purification
based on the 1Cs values lower than 30 pg/ml in order to
discover and develop potential  anticancer natural
compounds [8]. The crude alkaloid showed strong
cytotoxic effect on T47D cells ICsy 1.5 £ 0.2 pg/ml. It
showed relatively low cytotoxic effect on the non-
cancerous cell line Vero with an ICsy of 32.4+1.2
pg/ml. Based on this criteria, the crude alkaloid potential
to be developed as new anticancer drug.

Idealnya, one of criteria for a drug being good is that it
should not exhibt any andesirable side-effects on normal
cells. Therefore, selective effect of the anticancer agents
according to the tested cell line is very important for the
anticancer research. Selectivity of cytotoxic activity of
crude alkaloid was determined by comparing the cytotoxic
activity (ICsq) of crude alkaloid against T47D cancerous
cells with that of the African green monkey Kkidney
ephitelial (Vero) cells and results was expressed as a
selectivity index (SI). As the SI greater than 3 was
concidered as highly selective [9-10]. The crude alkaloid
demonstrated highly selective to cancer cells with SI value
21.6.

A relatively low cytotoxic effect on normal Vero
cells indicated that the crude alkaloid was not deleterious
to non-cancerous cells. It is important for an anticancer
agent to exhibit cytotoxicity but such activity should be
specific for cancer cell only [11]. Data from this study
showed that the crude alkaloid of P. cauliflora roots was
highly selective towards the T47D cancer cells as
compared to normal Vero cells. These data suggest that
crude alkaloid specially induces cytotoxicity in T47D cells
but not in normal cells.

Table 1. Cytotoxicity and selectivity of crude alkaloid from root of P. cauliflora on human breast
cancer cell lines T47D using MTT assay

Cell line ICs50* (ug/ml) Sl
T47D 1,540,2
Vero 32,4+1,2 21,6

Cells were treated with crude alkaloid at different concentrations for 24 h. 1Cs, values were calculated using Probit
analysis. SI >3 indicates high selectivity [9-10]. # Data are shown as mean + SD
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Crude alkaloid of P. cauiflora roots induce cell cycle
arrest followed by apoptosis

To assess the effect of crude alkaloid on cell cycle
progression, T47D cells were harvested after 24 h
exposure to 0, 2, and 4  pg/ml crude alkaloid and stained
with Pl for flow cytometri analysis and the results were
shown in Fig.2. The sub G1 population indicated
apoptotic—associated chromatin degradation. As the
treatment concntration increased, the percentage of cells
in sub-G1 increase from 4.16% (control) to 5.29% (2
pg/ml) and 11,23% (4 pg/ml). In the non apoptotic
popuation, cells in the G2/M phase increased from
20.45% (control) to 20.76% (2 pg/ml) and 24,25% (4
pg/ml), and the GO/Gl phase decreased from 39.81%
(control) to 37.40% (2 pg/ml) and 28.51% (4 pg/ml).

The life and death of a cell is controlled by the
cell cycle, which is tightly regulated by cyclin, cyclin-
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dependent kinases (CDK), and CDK inhibitor (CDKI).
Thus, deregulation of cell cycle will lead to abnormal
proliferation of DNA-damaged cells and evasiveness of
apoptosis [12]. Disturbance of the cancer cell cycle is one
of therapeutic targets for development of new anticancer
drugs[13]. Acumulated evidence has shown that cell
cycle arrest might result in apoptosis due to the existence
of cell cycle check point and feedback control [14]. Many
anti-cancer agents arrest the cell cycle at the G0/G1, S or
G2/M phase and then induce apoptotic cell death [15-19].
But several evidence have suggested that some anticancer
drug induced apoptosis may occur via signaling path way
independent of cell cycle arrest[16]. The result of cell
cycle analysis evaluated by flowcytometri showed that
crude alkaloid could induce cell cycle arrest in G2/M
phase. It suggest that apoptosis induced by crude alkaloid
is related to cell cycle arrest.
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Fig-2: Effect of crude alkaloid on cell cycle progression. T47D cells were untreated or treated with 2 pg/ml and 4
pg/ml crude alkaloid, respectively. Cells washed and stained with PI, and then DNA contents was analysed by flow

cytometry.

The G2/M transition is positively regulated by the CDC2
and cyclin B complex [20]. The G2/M arrest in T47D
induced by crude alkaloid at concentration 2 and 4 pg/ml
may be related to down regulation of Cyclin B and CDC2,
whereas apoptosis that occured could be due to the down-
regulation of NF-kB. Expression of several NF-«xB
regulated genes including Bcl-2, Bcl-XL, clAP, surviving,
TRAF1 and TRAF 2 have been reported to function
primarily by blocking the apoptosis pathway [21].

CONCLUSION

The crude alkaloid of P. cauliflora root exhibited
strong cytotoxic and selectivity effect on human breast
cancer T47D cell lines. The cytotoxic effects caused by
inducing apoptosis and causing cell cycle arrest at G2/M
phase.
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