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ABSTRACT Despite the advancement of chemical biology and combinatorial chemistry, natural products remain a potent
source of the anticancer drug development today. Strobilanthes crispus (S. crispus) which is from the Acanthaceae family
has been traditionally used as medicine in several countries and reported to have anticancer, antioxidant, free radical
scavenging, antidiabetic, antimicrobial, wound healing and antiulcerogenic activities. Thus, the aim of this study was to
investigate the antiproliferative properties of S. crispus towards breast cancer cell line. The chemical compounds were
extracted from various parts of the plant using methanol then followed by liquid-liquid partition. The antiproliferative
effects of these extracts were tested on MCF-7. Among the extracts, only five showed inhibition of cell proliferation in
MCF-7. The best antiproliferative activity was observed in stem ethyl acetate and leaf water extract with the IC 50 value of
38 µg/ml and 23 µg/ml respectively. However, the IC50 values for stem chloroform, leaf methanol and leaf chloroform
extracts were at the range of 70-90 µg/ml. Treatment with S. crispus extracts also caused morphological changes on
MCF-7 cells. Chromatin condensation and peripheral aggregation of nuclear chromatin were observed in the treated
cells. However, further investigation is needed to understand its underlying mechanisms.
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INTRODUCTION
Breast cancer is the most common cancer among women and listed as one of ten leading cancer
among population of Malaysia. The highest incidence of breast cancer was in 2006 and 2007. The
number of breast cancer cases was continuously increased each year from 2006 to 2012 (Omar &
Ibrahim Tamin, 2011). Surgery, chemotherapy, radiation therapy and hormone therapy are among
the treatments available for cancer patients. Although surgery remains the main choice for cancer
treatment (Yip et al., 2014), some patients prefer to consume medicine for prolonged period of time
as adjuvant therapy. However, most of the medicines are synthetic, very expensive and tend to give
many side effects.
Natural cancer treatment with the use of natural products plays a relevant role in cancer therapy
today as they have minimal side effects and capable of reducing the side effects caused by synthetic
drugs (Ho, 2015). Strobilanthes crispus is also known as pecah beling, pecah kaca, bayam karang or jin
batu in Malaysia. S. crispus is from the Acanthaceae family and has been used as traditional
medicine in Malaysia and Indonesia. The S. crispus is reported to be traditionally consumed by
orang asli in Kampung Bawong, Perak of West Malaysia to enhance the immune system (Samuel et
al., 2010). Previous studies showed that S. crispus has anticancer, antioxidant, free radical
scavenging, antidiabetic, antimicrobial, wound healing and antiulcerogenic activities (Nurraihana &
Norfarizan, 2013). Thus, the aim of this study was to examine the antiproliferative activity of Sabah
Strobilanthes crispus against breast cancer cell line.
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METHODOLOGY
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Plant extracts preparation
The Strobilanthes crispus plants were purchased from herbal supplier in Kota Kinabalu and were
verified by a botanist from Tropical Biology and Conservation Institute, University Malaysia Sabah
(Voucher no. ACSC 001/2013). The plants were washed with tab water and left to dry before the
leaves and stem were separated. Then, the plant parts were freeze dried separately for few days
before ground into powder. Powdered plant was stored at -80°C for further use. The chemical
compounds were first extracted using methanol solvent for 13 hours followed by liquid-liquid
partition using hexane, chloroform, ethyl acetate and water solvents.
Cell culture
The S. crispus extracts were tested on hormone-dependent breast cancer cell line (MCF-7). The
MCF-7 cell line was maintained in RPMI 1640 medium (Nacalai Tesque, Japan) containing 10% fetal
bovine serum (Gibco, South America). Cells were incubated at 37C in a humidified atmosphere
containing 5% CO2.
MTT assay
The antiproliferative activity of S. crispus was screened using MTT Cell Proliferation Kit I
(Roche Diagnostics, Germany). First, cell line was grown in 96-well mirotiter plates and treated with
S. crispus extracts for 3 days. Then, the cultured cells were added with 10 µl of 3(4, 5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide (MTT) solution and incubated for 4 hours. Next, 100 µl
of solubilization buffer was added to each well and incubated for overnight before being analyzed.
Each extract was tested in triplicate and in three independent tests. The percentage of cell viability
was calculated using the following formula.
Cell viability (%) = (Absorbance of treated cells/ Absorbance of untreated cells) x 100%
Morphological study
After treatment, medium from the treated cell culture were discarded and the cells were
washed with phosphate-buffered saline (PBS) for two times. Then, 20 µl of methylene blue solution
was added in each well and incubated for 20 minutes. Finally, the cells were washed with PBS
before being observed under inverted microscope.

RESULT AND DISCUSSION
Figure 1 & 2 showed the effect of S. crispus extracts on the proliferation of MCF-7 cell line. Some
S. crispus extracts had caused the decrease of MCF-7 cell viability after treatment. They were leaf
water, leaf methanol, leaf chloroform, stem chloroform and stem ethyl acetate extracts.
The leaf water and stem ethyl acetate extracts showed the best inhibition against MCF-7 with
the IC50 values of 23 µg/ml and 38 µg/ml respectively. However, the other three extracts showed
lower inhibition with higher IC50 values of 86 µg/ml, 74 µg/ml and 80 µg/ml respectively for stem
chloroform, leaf methanol and leaf chloroform extracts. All the IC50 values were summarized in
Table 1. Minimal or no inhibition was observed in leaf hexane, leaf ethyl acetate and stem water
extracts. The stem methanol extract inhibited cell growth at about 25% at 90 µg/ml. Besides that,
stem hexane extract showed 20-40% inhibition when the concentration was gradually increased to 90
µg/ml.
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Figure 1. Effect of S. crispus leaf extracts on MCF-7 cells.

Figure 2. Effect of S. crispus stem extracts on MCF-7 cells.

Table 1. The IC50 values of S. crispus extracts against MCF-7 cell line.
Extracts

IC50 value (µg/ml)
S. crispus leaf

S. crispus stem

Methanol

74

-

Hexane

-

-

Chloroform

80

86

Ethyl acetate

-

38

Water

23

-
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Extracts
Magnification

Control

Leaf
methanol

Leaf
chloroform

(40 µg/ml)

(80 µg/ml)

Leaf water
(20 µg/ml)

Stem
chloroform

Stem ethyl
acetate

(80 µg/ml)

(40 µg/ml)
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Figure 3. Effect of S. crispus extracts on the cell morphology of MCF-7.
Figure 3 showed the morphology of MCF-7 cell line treated with leaf methanol, leaf chloroform,
leaf water, stem chloroform and stem ethyl acetate extracts with their respective IC 50 values.
Treatment with S. crispus extracts caused significant decrease in cell density of the MCF-7 cells. The
S. crispus extracts were also caused morphological changes to MCF-7 cells such as the induction of
chromatin condensation and peripheral aggregation of nuclear chromatin (red arrows). This
indicates that these extracts might induce the occurrence of apoptosis in MCF-7 cells.
To sum up, in this study the leaf water and stem ethyl acetate extracts showed significant
inhibitory effects towards MCF-7. However, the leaf methanol extract of S. crispus was reported to
exhibit cytotoxic effects towards MDA-MB-231 and MCF-7 with IC50 values of 27.2 µg/ml (Asmah et
al., 2006) and 160.16 µg/ml respectively (Muslim et al., 2010). Previous studies have also shown that
S. crispus extracts possessed antiproliferative activities against other cancer cell lines such as HepG-2,
Caco-2 (Asmah et al., 2006; Susi et al., 2007) and T-47D (Muslim et al., 2010). While Chong et al. (2012)
reported that ethanol extracts induced apoptosis in MCF-7 with the IC50 value of 30 µg/ml.
The discrepancies in the cytotoxic studies could be due to the difference in extraction methods
as well as geographical region. The geographical region is one of the factors that can influence the
plant chemical constituents profile (Kole, 2011). For instance, S. crispus plants used in Asmah et al.
(2006) and Chong et al. (2012) studies were from Peninsular Malaysia while Muslim et al. (2010) used
the S. crispus plants originated from Padang, Indonesia. Whereas S. crispus used in this study was
sourced from Sabah. The choice of extraction methods is also a very important step in the bioactive
component discovery. It has been known that extraction process and solvent composition affected
the yield and phytochemical constituents of the plant (Bimakr et al., 2011; Moreno et al., 2003;
Sulaiman et al., 2015). Chong et al. (2012) used exhaustive solvent extraction method with absolute
ethanol while Muslim et al. (2010) used maceration method with methanol. In this study, two steps
extraction method was used which involved soxhlet extraction using methanol then followed by
liquid-liquid partition with solvents of increasing polarity.
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CONCLUSION
The leaf water and stem ethyl acetate extracts of S. crispus showed antiproliferative activity
against MCF-7 cell line which indicates its potential use in chemotherapy. Therefore, further
investigate is needed to understand the mechanism of how these extracts prevent cancer cell growth.
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