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Abstract. Cancer is a major public health concern not only 
in developed countries, but also in developing countries. It is 
one of the leading causes of mortality worldwide. However, 
current treatments may cause severe side effects and harm. 
Therefore, recent research has been focused on identifying 
alternative therapeutic agents extracted from plant‑based 
sources in order to develop novel treatment options for cancer. 
Strobilanthes  crispa Blume is a plant native to countries 
including Madagascar and Indonesia. It has been used as an 
anti‑diabetic, diuretic and laxative in traditional folk medicine. 
Furthermore, S. crispa has potential in treating cancer, as 
evidenced in previous studies. In the present study, the cyto-
toxic and apoptotic activities of S. crispa crude extracts were 
investigated in liver and breast cancer cell lines. Hexane, ethyl 
acetate, chloroform, methanol and water extracts prepared 
from the leaves, and stems of S. crispa were evaluated for 
their cytotoxicity on HepG‑2 and MDA‑MB‑231 cells using 
an MTT assay. The anti‑proliferative properties of stem 
hexane (SH) extract on both cell lines were analysed using cell 
doubling time determination and cell cycle analysis, while the 
apoptogenic properties was determined through the detection 
of caspase‑8. Among the extracts tested, SH extract exhibited 
the lowest half maximal inhibitory concentrations in both the 
cell lines. The SH extract induced morphological changes in 
HepG‑2 and MDA‑MB‑231 cells, and significantly delayed 

cell population doubling time. Furthermore, it altered cell 
cycle profile and significantly increased caspase‑8 activity in 
HepG‑2 cells, but not in MDA‑MB‑231 cells. In conclusion, 
the SH extract of S. crispa possesses potent anticancer proper-
ties and may be a suitable chemotherapeutic target.

Introduction

Cancer is characterized by uncontrolled growth and spreading 
of abnormal cells. It is one of the most life‑threatening and 
challenging diseases of modern time, caused by a number of 
internal factors, including immune condition and inherited 
mutation, and external factors, including radiation, tobacco and 
chemical exposure (1). Liver, breast, colorectal, lung, cervical 
and nasopharyngeal cancer are the most prevalent cancer 
types in the modern age. The present study focused on liver 
and breast cancer due to their high occurrence rates. In 2006, 
hepatocellular carcinoma (HCC) was identified to account 
for 70‑85% of total primary liver cancer types (2). HCC is 
primarily caused by chronic viral hepatitis B or C infection, 
iron overload, aflotoxin exposure, obesity, alcohol‑associated 
cirrhosis and possibly non‑alcoholic fatty liver disease (3,4). 
Breast cancer continues to be the leading cause of cancer‑asso-
ciated mortality among women (5), and the occurrence rate 
has increased in China and other Asian countries  (6,7). 
Breast cancer can be categorized into two main types, ductal 
carcinoma and lobular carcinoma. Ductal carcinoma begins 
in the ducts that transport milk from the breast to the nipple, 
whereas lobular carcinoma starts in the lobules that produce 
milk. Atypical hyperplasia of the breast, family history, early 
menarche, late menopause and Li‑Fraumeni syndrome are 
some of the known risk factors for breast cancer (8‑10).

To date, the common treatments for cancers are surgical 
removal of the tumour tissue, chemotherapy and ionizing radi-
ation. Apart from destroying adjacent normal cells (11), these 
treatments also cause severe side effects (12‑14). Therefore, 
current studies have focused on the search for alternative 
medicines from plant‑based sources. Alternative medicine 
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not only improves the efficacy of conventional medicines, it 
reduces the side effects of chemotherapy (15) and strengthens 
the immune system to fight against cancer (16).

Among the medicinal plants, one of the commonly found 
plants in tropical countries is Strobilanthes crispa Blume. It 
is traditionally known as daun pecah beling in Jakarta and 
enyoh kilo, kecibeling or kejibeling in Java (17). In Malaysia, 
it is known as pecahkaca or jinbatu (17). This bush‑like plant 
is scattered throughout the regions of Madagascar to Malay 
Archipelago (18). S. crispa has high mineral and phenolic 
content, and exhibits high antioxidant activity  (19,20). In 
addition, this plant contains alkaloids, tannins, polyphenols, 
water‑soluble vitamins, caffeine, catechins (19,20) and bioac-
tive compounds, including β‑sitosterol, and stigmasterol (21). 
A previous study demonstrated that S. crispa leaves possess 
anti‑diabetic, diuretic and blood pressure lowering proper-
ties  (17). Furthermore, a number of studies have recorded 
the potency of S. crispa extracts in inhibiting cancer cell 
growth (22‑25).

Thus, the aim of the present study was to investigate the 
cytotoxic and anti‑proliferative effects of S. crispa extracts on 
HepG‑2 and MDA‑MB‑231 cancer cell lines. Furthermore, 
one of the aims was to determine the effects of the extracts on 
cell cycle and caspase‑8 activation.

Materials and methods

Preparation of plant extracts. The botanical identity of 
S. crispa was determined and authenticated by a taxonomist 
from the Forest Research Institute Malaysia (Kuala Lumpur, 
Malaysia; sample no. PID 040114‑04). Fresh plant materials 
(leaves and stems) were collected and dried in an oven at 40˚C 
until a constant weight was obtained. Dried leaves and stems 
were separated, crushed into fine pieces and then ground with 
a mill grinder into powder form. A total of four organic solvent 
extracts of the leaves and stems were prepared individually. 
The organic solvents used were hexane, chloroform, ethyl 
acetate and methanol (all Friendemann Schmidt, Parkwood, 
WA, USA). The extraction was performed by mixing 500 ml 
of solvent into 100 g of powdered leaves or stems, and then 
macerating in the dark at room temperature for 3 days. The 
suspensions were filtered using Whatman paper (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) and then 
evaporated using a rotary evaporator (Büchi R‑2154; Büchi 
Labortechnik AG, Flawil, Switzerland) to obtain desired 
crude extracts. The extracts obtained were as follows: Leaf 
hexane (LH), leaf chloroform (LC), leaf ethyl acetate (LEA), 
leaf methanol (LM), stem hexane (SH), stem chloroform (SC), 
stem ethyl acetate (SEA) and stem methanol (SM).

The dried plant materials (10 g) were mixed with 500 ml 
distilled water and kept at 60˚C for 3 h. The resulting suspen-
sions were then filtered and followed by freeze drying. The 
extracts obtained were designated as leaf water (LW) and stem 
water (SW).

Cell culture. Hepatocellular carcinoma HepG‑2, breast cancer 
MDA‑MB‑231 and normal rat kidney NRK‑52E cell lines 
were obtained from the American Type Culture Collection 
(Manassas, VA, USA). The cells were cultured in Dulbecco's 
modified Eagle medium (DMEM) supplemented with 10% 

fetal bovine serum (FBS), 100 U/ml penicillin and 100 mg/ml 
streptomycin (all Gibco; Thermo Fisher Scientific, Inc.), and 
maintained at 37˚C in a humidified atmosphere of 5% CO2.

MTT assay. HepG‑2, MDA‑MB‑231 and NRK‑52E cells were 
seeded at a density of 1x105 cells/ml into a 96‑well plate and 
treated with varying concentrations of S. crispa extracts (12.5, 
25, 50, 100 and 200 µg/ml) including LH, LC, LEA, LM, LW, 
SH, SC, SEA, SM and SW for 72 h at 37˚C. Subsequently, 
10 µl MTT solution (Bio Basic, Inc., Amherst, NY, USA) was 
added into each well and cells were incubated for 4 h at 37˚C. 
Subsequently, the solution in each well was removed and 100 µl 
of dimethyl sulphoxide (Friendemann Schmidt) was added. 
The coloured solution was measured using a Dynex Opsys 
MR microplate reader (Dynex Technologies Inc., Chantilly, 
VA, USA) at 570  nm wavelength. Cell viability (%) was 
calculated according to the following formula: Optical density 
(OD) of samples/OD of control x100, where the control repre-
sents untreated cells. The control cells were incubated with 
DMEM supplemented with 10% FBS, 100 U/ml penicillin and 
100 mg/ml streptomycin (all Gibco; Thermo Fisher Scientific, 
Inc.) for 72 h at 37˚C. The half maximal inhibitory concen-
tration (IC50), which is defined as the concentration required 
to inhibit cell viability by 50%, was determined through the 
construction of a dose‑response curve.

HepG‑2 and MDA‑MB‑231 cells were also treated with 
5‑flurouracil (5‑Fu; Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany), the positive control of the experiment, at the 
concentrations of 12.5, 25, 50, 100 and 200 µg/ml for 72 h 
at 37˚C. IC50 values were determined and the cytotoxicity of 
S. crispa extracts were compared to the effects of the known 
anti‑cancer drug, 5‑Fu.

The selectivity index (SI) in the present study was calcu-
lated from the IC50 of the extracts in normal rat kidney cells 
(NRK‑52E) vs. cancer cells. The extract was considered to 
have high selectivity for cancer cells if the SI was >3 (26).

Observation of morphological changes. HepG‑2 and 
MDA‑MB‑231 cells were seeded at a density of 1x106 cells/well 
into 6‑well plates and treated with the SH at their respective 
IC50 concentrations for 72 h at 37˚C. Untreated and treated 
cells were then observed under an inverted microscope (Nikon 
Eclipse TS100; Nikon Corporation, Tokyo, Japan) and images 
were captured with the attached camera.

Determination of cell doubling time. HepG‑2 and 
MDA‑MB‑231 cells were seeded into a 24‑well plate at the 
density of 1x104 cells/ml. Subsequently, the cells were treated 
with SH and incubated at 37˚C for 72 h. Two different concen-
trations were used: The pre‑determined IC50; and 2x the IC50. 
On the third day, the treated cells were trypsinised and stained 
with trypan blue (Gibco; Thermo Fisher Scientific, Inc.). Live 
cells were counted under an inverted microscope (Nikon 
Eclipse TS100) using a hemocytometer (Paul Marienfeld 
GmbH & Co. KG, Lunda‑Königshofen, Germany). The cell 
doubling time was calculated by dividing the total dura-
tion (h) by the total number of generations. The number of 
generations was calculated using the following formula: 3.32 
(logNN‑logN1), where NN is the number of cells counted and N1 
is the number of cells seeded (27).
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Cell cycle analysis. HepG‑2 and MDA‑MB‑231 cells were 
seeded into 6‑well plates at a density of 1x106 cells/well and 
treated with SH at IC50 for 72 h at 37˚C. The cells were fixed with 
70% ethanol subsequently. Then the cells were washed twice 
with cold phosphate buffer saline (PBS) and resuspended in 1 ml 
of PBS at a concentration of 1x106 cells/ml. Subsequently, 5 µl of 
10 mg/ml RNase (Sigma‑Aldrich; Merck KGaA) was added to 
the cell suspension and incubated at 37˚C for 1 h. Subsequently, 
10 µl propidium iodide (1 mg/ml; Sigma‑Aldrich; Merck KGaA) 
was added and the suspension was incubated in the dark for 
30 min at 37˚C. Finally, the samples were analysed using flow 
cytometry (FACScan; BD Biosciences, Franklin Lakes, NJ, 
USA) and CELLQuest™ software (BD Biosciences), version 3.0. 
Flow cytometric analysis of the samples stained with propidium 
iodide was run by collecting 25,000 events per sample.

Detection of caspase‑8. The caspase‑8 assay kit was purchased 
from Calbiochem (Merck KGaA). The caspase activity in 
SH‑treated cells was measured according to the manufacturer's 
protocol. Briefly, cells were seeded at a density of 1x106 cells/ml 
into 6‑well plates. Cells were trypsinised following treatment 
with the SH at IC50 for 72 h at 37˚C. The cells were then trans-
ferred into an Eppendorf tube. Subsequently, 1 µl staining 
reagent was added to the cell suspension and incubated at 37˚C 
for 30 min. Cells were washed with PBS and transferred into 
a black well plate. Fluorescence intensity at excitation 485 nm 
and emission 535 nm was then recorded.

Statistical analysis. Statistical analysis was performed using 
one‑way analysis of variance with Tukey's honest signifi-
cant difference post‑hoc test with GraphPad Instat software 
(version 3.0; GraphPad Software, Inc., La Jolla, CA, USA) or 
Student's t‑tests with Microsoft Excel (version 2013; Microsoft 
Corporation, Redmond, WA, USA). All data are presented 
as the mean ± standard deviation. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Cytotoxic effect of S. crispa extracts. The effect of S. crispa 
on the growth activities of HepG‑2 and MDA‑MB‑231 cells 
was investigated using MTT assays (Fig. 1). In total, 5 extracts 
(LH, LC, LEA, SH and SC) were demonstrated to induce 
cell death in the two cell lines in a concentration‑dependent 
manner (P<0.05) while SEA displayed moderate cytotoxicity. 
However, methanolic and water extracts of S. crispa (LM, LW, 
SM and SW) revealed no evident cytotoxic activity against the 
cell lines. In fact, the extracts promoted the growth of cancer 
cells, when compared with the untreated control (Fig.  1). 
However, the differences were not statistically significant.

Based on the dose‑response curve generated, IC50 of each 
extracts was determined and summarized in Table I. Among 
the extracts tested, SH exhibited the highest potency with the 
lowest IC50 values in mediating HepG‑2 and MDA‑MB‑231 
cell death. The IC50 value obtained from HepG‑2 cells 

Figure 1. Dose‑response curve of Strobilanthes crispa extracts on HepG‑2 liver cancer and MDA‑MB‑231 breast cancer cell lines. Cells were treated with 
various concentrations (12.5, 25, 50, 100 and 200 µg/ml) of S. crispa extracts for 72 h and percentage of cell viability was determined using an MTT assay. 
HepG‑2 cells treated with extracts derived from the (A) leaves and (B) stems of Strobilanthes crispa. MDA‑MB‑231 cells treated with extracts derived from the 
(C) leaves and (D) stems of Strobilanthes crispa. Data are presented as the mean following 3 independent experiments. *P<0.05, compared with the untreated 
control (representing 100% of cell viability). LH, leaf hexane; LEA, leaf ethyl acetate; LC, leaf chloroform; LM, leaf methanol; LW, leaf water; SH, stem 
hexane; SEA, stem ethyl acetate; SC, stem chloroform; SM, stem methanol; SW, stem water.
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(38.8 µg/ml) was comparable to the commercially available 
anti‑cancer drug, 5‑Fu (IC50, 37.3 µg/ml). The IC50 determined 
in MDA‑MB‑231 cells, 42.5  µg/ml was 1.4  times lower 
compared with the 5‑Fu (IC50, 60 µg/ml).

SI calculated based on predetermined IC50 values on 
NRK‑52E cells demonstrated that none of the extracts, apart 
from SC, exhibited high selectivity towards cancer cells because 
the SI values were <3 (Table I). Furthermore, the anti‑cancer 
drug, 5‑Fu exhibited poor selectivity. The SI value of SC was 
markedly higher compared with the other extracts (>1.15).

Effect of SH on cell morphological changes. HepG‑2 and 
MDA‑MB‑231 cells were observed under an inverted micro-
scope for morphological changes and the results are presented 
in Fig. 2. Fig. 2A demonstrates confluent HepG‑2 cells that 
are flattened, grossly polygonal in shape and arranged in 
monolayer. In the SH‑treated HepG‑2 cells, morphological 
changes, including the formation of vacuoles within the cell 
were observed. Furthermore, floating dead cells and a reduc-
tion in cell number were also noted (Fig. 2B).

SH also induced MDA‑MB‑231 cell death as more floating 
cells were observed in the treated compared with the control cells. 
Untreated MDA‑MB‑231 cells remained normal, healthy and 
confluent throughout the treatment period (Fig. 2C). However, 
vacuolation of cells was noted in the treated cells (Fig. 2D).

Effect of SH on cell doubling time. Fig. 3 demonstrates the 
effect of SH on HepG‑2 and MDA‑MB‑231 cell prolifera-
tion. When HepG‑2 cells were exposed to SH at the IC50, no 
significant differences in the cell population doubling time 
were observed. However, cells treated with double the IC50 of 
SH exhibited a significant increase in the cell doubling time 
compared with the untreated control group (P<0.001). However, 
MDA‑MB‑231 cells responded to SH in a dose‑dependent 
manner. SH treatment at the IC50 caused a 2.5‑fold delay in cell 
proliferation while twice the IC50 of SH delayed cell doubling 
by 3.4‑fold. The delayed cell doubling in cells treated with the 
higher dose was statistically significant when compared with 
the untreated control cells (P<0.05).

Effect of SH on cell cycle profile. Treatment with SH caused 
HepG‑2 cell cycle arrest at the G0/G1 phase. This in turn 
caused a decrease in percentage of cells that entered the 
S and G2/M phases. The percentage of cells in sub‑G phase in 
SH‑treated group was ~50% compared with that of the control 
cells (Table II).

Table III shows the distribution of MDA‑MB‑231 cells 
in different cell cycle phases following treatment with SH. 
Increased sub‑G and S phases were noted following the treat-
ment; however, no significant differences were identified.

Effect of SH on caspase‑8 activation. SH treatment signifi-
cantly induced caspase‑8 activation in HepG‑2 cells (P<0.01). 
SH treatment appeared to induce caspase‑8 activation in 
MDA‑MB‑231 cells, although this was not significant (Fig. 4).

Discussion

Cancer remains one of the leading causes of mortality world-
wide. The limited success of current therapies is evident 

Table I. IC50 and SI values of extracts of Strobilanthes crispa 
on HepG‑2 and MDA‑MB‑231 cells.

	 IC50, µg/ml (SI)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Extract/treatment	 HepG‑2	 MDA‑MB‑231

Leaf		
  Hexane	 N/A	 192.50±3.54 (0.44)
  Chloroform	 175.70±35.40 (1.05)	 N/A
  Ethyl acetate	 176.70±15.30 (0.94)	 N/A
  Methanol	 N/A	 N/A
  Water	 N/A	 N/A
Stem		
  Hexane	 38.80±8.50 (0.28)	 42.50±39.67 (0.26)
  Chloroform	 173.30±5.80 (>1.15)	 N/A
  Ethyl acetate	 N/A	 N/A
  Methanol	 N/A	 N/A
  Water	 N/A	 N/A
  5‑Fluorouracil	 37.30±6.75 (0.26)	 60.00±14.14 (0.16)

Data are presented as the mean ± standard deviation following 3 inde-
pendent experiments. IC50, half maximal inhibitory concentration; SI, 
selectivity index; N/A, not available.

Table III. Effect of S. crispa stem hexane extract on cell cycle 
progression of MDA‑MB‑231 cells.

	 Percentage of cells
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Cell cycle phase	 Control	 Stem hexane	 P‑value

Sub‑G	 0.56±0.59	 5.04±3.44	 0.181
G0/G1	 70.25±9.68	 57.86±10.23	 0.270
S	 0.94±0.86	 8.57±8.02	 0.293
G2/M	 28.31±8.29	 28.98±13.75	 0.956

Data are presented as the mean ± standard deviation following 3 inde-
pendent experiments. P‑values were determined using the t‑test in 
which the stem hexane‑treated group was compared with the control 
group.

Table II. Effect of S. crispa stem hexane extract on cell cycle 
progression of HepG‑2 cells.

	 Percentage of cells
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Cell cycle phase	 Control	 Stem hexane	 P‑value

Sub‑G	 0.79±0.01	 0.41±0.01	 0.017
G0/G1	 60.68±1.22	 71.16±0.68	 0.009
S	 2.22±0.05	 1.80±0.01	 0.008
G2/M	 35.37±0.71	 26.13±0.25	 0.003

Data are presented as the mean ± standard deviation following 3 inde-
pendent experiments. P‑values were determined using the t‑test in 
which the stem hexane‑treated group was compared with the control 
group.
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due to the consistently high mortality rate associated with 
cancer (28). Therefore, the identification of novel potential 
anti‑cancer therapeutic agents is warranted to provide more 
treatments options. Natural products serve as a valuable 
source that offer cytotoxic properties, and have gained 
significant recognition for their role in the management of 
cancer. The present study evaluated the anticancer effects of 

Figure 2. Microscopic observation of (A) untreated control and (B) treated HepG‑2 liver cancer cells, and (C) untreated control and (D) treated MDA‑MB‑231 
breast cancer cells. The cells were treated with the predetermined half maximal inhibitory concentration of Strobilanthes crispa stem hexane extract 
(38.8 µg/ml for HepG‑2 cells; 42.5 µg/ml for MDA‑MB‑231 cells) for 72 h. The cells were then observed under an inverted microscope (magnification, x200). 
The white arrow indicates vacuolation of cells and the black arrows indicate floating dead cells.

Figure 4. Caspase‑8 activity in HepG‑2 liver cancer and MDA‑MB‑231 breast 
cancer cells following treatment with Strobilanthes crispa stem hexane 
extract for 72 h. The cancer cells were treated with the extract at their respec-
tive half maximal inhibitory concentrations extract (38.8 µg/ml for HepG‑2 
cells; 42.5 µg/ml for MDA‑MB‑231 cells), and the fluorescent expression 
of caspase‑8 was measured. Data are presented as the mean ± standard 
deviation following 3 independent experiments. **P<0.01, compared with the 
untreated control.

Figure 3. Effects of Strobilanthes crispa stem hexane extract on the cell 
doubling time of HepG‑2 liver cancer and MDA‑MB‑231 breast cancer cells. 
Cells were treated with two different concentrations of stems hexane extract 
(38.8 and 77.6 µg/ml for HepG‑2 cells; 42.5 and 85 µg/ml for MDA‑MB‑231 
cells) for 72 h, and the number of cells was counted to determine the cell 
doubling time. Data are presented as the mean ± standard deviation following 
3 independent experiments. *P<0.05 and ***P<0.001, compared with the 
untreated control. IC50, half maximal inhibitory concentration.
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S. crispa extracts on HepG‑2 liver cancer and MDA‑MB‑231 
breast cancer cells.

An MTT assay was used in the present study to screen the 
plant extracts for their anti‑cancer properties. As demonstrated 
by the MTT assay LH, LEA, LC, SH and SC reduced cell 
viability in a concentration‑dependent manner in both cell 
lines. Previous studies have revealed that S. crispa extracts 
are able to kill liver and breast cancer cells (22‑24,29). For 
example, the chloroform extract of S. crispa was demonstrated 
to possess cytotoxic effects against HepG‑2 cells  (22,23), 
while the methanolic extract exhibited strong cytotoxicity on 
MDA‑MB‑231 and HepG‑2 cells (22). Furthermore, the etha-
nolic extract (29) and a sub‑fraction of the dichloromethane 
extract of S. crispa (24) demonstrated the ability to consis-
tently kill breast cancer cells. Notably, the IC50 values obtained 
in the present study were higher compared with that in the 
previous studies mentioned. For instance, Asmah et al (22) 
identified the IC50 value of the S. crispa chloroform extract in 
HepG‑2 cells to be 28 µg/ml, while the present study reported 
an IC50 value of 175.7 µg/ml. The methanolic extracts demon-
strated no cytotoxic effect on HepG‑2 and MDA‑MB‑231 cells 
in the present study, but Asmah et al (22) reported that the 
extract inhibited the growth of the cells with IC50 values of 
29.3 and 27.2 µg/ml, respectively (22). These contradicting 
observations may be due to the differences in the geographical 
areas from which the plants were collected. In fact, a study 
by Chinkwo et al (30) reported that the bioactivity of extracts 
from the medicinal plant Sutherlandia frutescens that was 
collected from different areas varied so much that only plants 
grown in a specific province exhibited a chemotherapeutic 
effect. Differences in environmental factors, including soil 
composition and temperature may influence the production 
of the bioactive compounds in the plants (31). In addition, 
the maturity of plants may influence the amount of bioactive 
compounds produced; generally older plants accumulate a 
greater amount of content (19).

Among the extracts tested, the hexane extract from the 
stem of S. crispa demonstrated the most potent cytotoxic 
effect with the lowest IC50 values in the current study. This 
suggests that the anti‑cancer compounds are extractable by 
hexane, a hydrophobic solvent. Previous studies have revealed 
that hexane is useful for the extraction of stigmasterol (32‑34) 
and β‑sitosterol  (33‑36). Stigmasterol and β‑sitosterol 
extracted from S. crispa have been demonstrated to possess 
anti‑cancer effects on liver, breast, and colon carcinoma (22). 
Other anti‑cancer compounds that may be extracted include 
alkaloids and tannins (20), which have been documented to 
exhibit anti‑cancer properties (37‑40). In order to identify the 
compounds responsible for the anti‑cancer effects, further 
studies on the isolation and purification of the bioactive 
compounds from S. crispa are required.

SI, an indicator of the safety of drug use, was deter-
mined for the compounds investigated in the present study. 
A compound is considered to have high selectivity towards 
cancer cells if the SI value is >3 (26). In the present study, 
all SI values determined were <3, except for SC, indicating 
the effect of the extracts was not specific to the cancer cells 
as they were also killing the normal cells. Furthermore, the 
anti‑cancer drug, 5‑Fu also demonstrated poor selectivity 
for tumouricidal activity  (41,42). The non‑selectiveness of 

compounds may impose severe side effects on patients with 
cancer, as they are capable of damaging healthy cells (43). 
In the current study, SC possessed a relatively high SI value, 
indicating that it may cause less side effects compared with 
the other extracts evaluated. In order to improve the selectivity 
of a compound towards cancer cells, drug modification can 
be performed (44). Strategies to improve the affinity towards 
target cells and at the same time lower the affinity towards 
off‑target molecules should be considered (45). Previously, a 
number of antiepileptic drugs, including levetiracetam, carba-
mazepine and felbamate, have undergone drug modification to 
improve their tolerability and efficacy (46). Thus, drug modifi-
cation to increase the selectively of SH to cancer cells may be 
an ideal option to further improve its anticancer potency and 
limit the side effects.

Treatment with SH was observed to delay the doubling 
time of HepG‑2 and MDA‑MB‑231 cells in the current study. 
The cell cycle analysis demonstrated that HepG‑2 cells were 
arrested at the G0/G1 phase, indicating that SH inhibited liver 
cancer cell growth through cell cycle modulation. However, 
no significant changes in the cell cycle phases were reported 
in MDA‑MB‑231 cells. Thus, the reduction in MDA‑MB‑231 
cell proliferation was independent of cell cycle progression 
and may be attributed to other mechanisms.

Cell apoptosis, an important event in controlling the 
programmed cell death, may serve an important role in the 
SH‑mediated cytotoxicity observed in the current study. This 
is evident through the presence of cytoplasmic vacuolation 
in the HepG‑2 and MDA‑MB‑231 cells, which is a typical 
feature of apoptosis (47,48). Cell apoptosis is an autonomous 
dismantled process, which removes individual cell compo-
nents while avoiding inflammation that usually occurs during 
necrosis. Thus, apoptosis is only limited to single cells and 
does not affect normal adjacent cells (49). In cancer studies, 
induction of apoptosis and inhibition of cellular proliferation 
are considered as imperative properties in chemoprevention 
and chemotherapy (50‑52). To further confirm the apoptotic 
activity of SH, caspase activation was determined in the 
present study.

Caspases can be activated through the intrinsic or extrinsic 
signalling pathway. Mitochondrial integrity is disrupted 
by cellular stress in the intrinsic pathway while stimulation 
of death receptors in the plasma membrane is initiated in 
the extrinsic pathway (53). In response to cellular stress, the 
initiator caspases (caspase‑2, ‑8, ‑9 and ‑10) cleave and activate 
the effector caspases (caspase‑3, ‑6 and ‑7); in turn the effector 
caspases execute the apoptotic process (54). The present study 
demonstrated that SH significantly activated caspase‑8 in 
HepG‑2 but not MDA‑MB‑231 cells.

Taken together, the results of the present study demon-
strated that SH induced cytotoxicity and reduced cell 
proliferation in HepG‑2 cells through cell cycle modulation 
and caspase‑8 activation. However, the anti‑cancer effect of 
SH was independent of cell cycle and caspase‑8 activation in 
MDA‑MB‑231 cells. This suggests that SH exhibited cytotoxic 
effects in MDA‑MB‑231 cells via other mechanisms. One of 
the possible mechanisms could be due to the down‑regulation 
of c‑myc gene expression  (23). C‑myc oncogene has been 
verified to account for the growth and progression of breast 
cancer in hormone‑dependent and ‑independent breast cancer 
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cell lines  (55). Other possible mechanisms that may be 
involved include the p53‑dependent signalling pathway (56), 
tumour necrosis factor‑related apoptosis‑inducing ligand 
mechanism (57) and p73‑dependent signalling pathway (58). 
Hence, further studies investigating these mechanisms are 
warranted to confirm the mechanism of action of SH on the 
MDA‑MB‑231 cell line.

In conclusion, S. crispa extracts were revealed to exert 
strong anti‑cancer effects on liver and breast carcinoma cells. 
Among the extracts tested, the SH extract demonstrated the 
most potent activity and could be further developed as a poten-
tial anti‑cancer therapeutic drug in the future.
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