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INTRODUCTION

ABSTRACT

Lupeol is a triterpenoid, present in most of the medicinally effective plants and possess
a wide range of biological activity against human diseases. The present study aims at
evaluating the anticancer potentials of lupeol, isolated from the leaves of Elephantopus
scaber L. and thereby explores its action on key cancer marker, Bcl-2. The effect of
lupeol on the cell viability of MCF-7 was determined by MTT and lactate dehydrogenase
assays at different concentrations. The efficacy of the compound to induce cell death
was analyzed using AO/EtBr staining. Phase contrast microscopic analysis provided the
changes in cell morphology of the compound treated normal breast cells (MCF-10A)
and MCEF-7 cells. The expression of Bcl-2 and Bcl-xL proteins in the normal, cancer
and lupeol treated cancer cell was analyzed by western blotting. Lupeol induced an
effective change in the cell viability of MCF-7 cells with IC,, concentration as 80 uM.
Induction of cell death, change in cell morphology and population of the cancer cells
was observed in the lupeol treated cells, but the normal cells were not affected. The
compound effectively downregulated Bcl-2 and Bcl-xL protein expressions, which
directly contribute for the induction of MCF-7 cell apoptosis. Conclusion: Thus, lupeol
acts as an anticancer agent against MCF-7 cells and is a potent phytodrug to be explored
further for its cytotoxic mechanism.
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users of alternative medicine, of which a high proportion

opt for herbal remedies.?®® This selective choice for herbal
therapies is attributable toward their nature of the lack of

Complementary and alternative medicines include several
healing therapies and approaches, including the herbal
remedies. The modern drug discovery programs are focused
on screening of the plant and other natural products to
identify structurally novel chemotypes possessing potent
and selective biological activity." Among cancer patients,
women with breast cancer are found to be the most likely
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increased side-effects when compared with the synthetic
chemicals.” The chemotherapeutic effects of herbal extracts
and the individual compounds from herbs, fruits, spices,
teas, and vegetables has been extensively studied and has
been proved to be the effect in inhibiting the development
of cancer in the laboratory animal models.*"!

Elephantopus scaber L. (Asteraceae) is a medicinal plant
used from the ancient times as medicine for human
diseases in and around the world traditional system of
medicine. The ethanolic leaf extracts of the plant was
effective against the viability of the MCF-7 cells and
served non-toxic to the normal breast cells, MCF-10 A.["%
Lupeol, a natural pentacyclic triterpenoid is a biologically
active phytoconstituent identified to be present in the
petroleum ether leaf extract of E. scaber and is proved to
be an effective anti-diabetic agent on in vivo models.!"!
Lupeol, present in many fruits and vegetables such as
mango, olive and fig, possesses a wide variety of biological
activities including anti-inflammatory and antioxidant
properties.l?! Lupeol facilitates significant inhibition of
growth of MDA-MB-231 cells in a dose-responsive manner

““ Journal of Advanced Pharmaceutical Technology & Research | Oct-Dec 2014 | Vol 5 | Issue 4 _ 179 I



Pitchai, et al.: Lupeol induces breast cancer cell apoptosis

and is able to induce estrogen receptor-o. (ER-or) expression
in this ER-o-negative breast cancer cell line.! It is also
evident that the compound is a potential agent against other
cancers such as human prostate, colorectal, skin, liver and
gastric cancer.['*1

There are no evidences for the effectiveness of lupeol,
isolated from a plant source such as E. scaber against human
breast cancer. Hence, the present study was focused on
the identification of the effectiveness of lupeol, isolated
from the leave petroleum ether extracts of E. scaber on the
growth of MCF-7 cell line. The action of the compound on
the regulation of the key cancer marker Bcl-2 and Bcl-xL
was analyzed via in vitro analysis.

MATERIALS AND METHODS

Plant material

Elephantopus scaber L. plants were collected from the Kerala,
South India. The species was authenticated by Dr. Roseline,
Department of Botany, Holy Cross College, Tiruchirappalli,
India. The leaves were collected separately and washed.
The voucher specimen is preserved in the herbarium of
the department. The leaves were dried under shade and
mechanically reduced to moderate coarse powder and
sieved.

Isolation of lupeol

Lupeol was isolated from the petroleum ether extract of
E. scaber L. leave powder. The isolation was carried out as
by the previous protocol reported from our laboratory.!!

Cell line

Human breast cancer cell line MCF-7 and normal human
breast cell line (MCF-10A) was procured from ATCC and
was cultured in Dulbecco’s Modified Eagle Medium culture
medium with 10% foetal bovine serum (FBS) at 5% CO, and
37°C. Cells were passaged using Trypsin-EDTA at 70-80%
confluence.

Sample preparation

One millimetre stock solution of the novel compound was
prepared with DMSO. From the stock, the samples were
prepared at different micromolar concentrations (10, 20,
30, 40 and 80) with serum-free medium (SFM) for the test.
The concentration of DMSO was aimed not to exceed 0.01%.

Cell viability assay

MCEF-7 cells were seeded in 96-well plate (5 x 10° cells/well)
in medium containing 10% FBS and incubated for 24 h under
5% CQO, at 37°C for attachment. The cells were then washed
with 1 x PBS, 100 uL of the prepared samples was added to
the wells and 100 puL of SFM was added to the control well
and incubated for 24 h. The medium was then removed
and washed with PBS. Hundred microlitres of 0.5 mg/mL
MTT solution was added to each well and incubated for 2-3

h. After an incubation period, 100 uL of DMSO was added
for solubilization of cells and kept in the dark for 1 h. The
intensity of the color developed was read at 570 nm using
ELISA reader. The growth inhibition was then calculated
as follows:

% of Cell viability = Absorbance of treated cells/Absorbance
of control cells x 100

Five different observations were carried out, and the IC,
values were calculated.

Lactate dehydrogenase assay

MCE-7 cells were seeded in 96-well plate (5 x 10° cells/well)
in medium containing 10% FBS and incubated for 24 h under
5% CO, at 37°C for attachment. Then the cells were washed
with PBS, 100 uL of the prepared samples was added to the
wells, and 100 uL. of SFM was added to the control well and
incubated for 24 h. The cells were harvested, and the assay was
carried out using the lactate dehydrogenase (LDH) kit from
Agappe Diagnostics, Kerala. Hundred microliters of (10:1000)
sample with working reagent was mixed and incubated for
1 min at 37°C, observed at 340 nm and calculated according
to the manufacture’s instruction. Five different observations
were carried out, and the IC, values were calculated.

Detection of cell death

The effect of lupeol to induce cell death in MCF-7 cells was
determined by AO/EtBr dual staining. The cells were grown
on the cover slip in 24-well plate with 1 x 10° cells/well, then
the cells were treated with the IC_ (80 uM) concentration
of the compound for 24 h. After incubation, 5 pL of AO
(I mg/mL) and 5 puL of EtBr (1 mg/mL) were added, and the
induction of cell death was observed by using a fluorescence
microscope.

Effect of the lupeol on cell morphology

The change in cell morphology was determined using
a phase contrast microscope. MCF-7 (3 x 10%) cells were
seeded in six well plates and treated with lupeol (80 uM)
for 24 h. After the incubation, the medium was removed;
cells were washed with 1 x PBS and observed under phase
contrast microscope.

Protein preparation

MCF-10A normal breast cells, MCF-7 cells and lupeol
(80 uM) treated MCEF-7 cells were washed with 1 x PBS.
600 uL of RIPA buffer in combination with protease inhibitor
cocktail were added to the cells. The cell lysates were then
subjected to centrifugation for 15 min at 10,000 rpm in 4°C.
The supernatant was collected as protein samples, and the
concentration of protein in the sample was determined by
Lowry’s method.™!

Protein expression analysis
The protein samples (50 ug) were electrophoresed by
sodium dodecyl sulfate polyacrylamide gel, and the
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separated proteins were transferred to a polyvinylidene
difluoride membrane. The non-transferred sites in the
membrane were blocked using 5% blocking solution for
1 h. After blocking the membrane was washed using Tris
buffered saline (TBS) and TBS with Tween (TBST) and
incubated overnight with the primary antibodies against
Bcl-2 and Bel-xL (1:1000) in TBST respectively, with B-actin
as the loading control. Followed with a rinse, the membrane
was incubated for 1 h with the secondary antibody-HRP
conjugated (1:5000) in TBST. Protein bands were detected
using enhanced chemiluminescence kit and quantified
using Quantity One Software.

Statistical analysis

The data were subjected to statistical analysis using one-way
Analysis of Variance, followed by Student-Newman-Keul’s
test to access the significance between groups at a level of
P <0.05 using SPSS 17.0 version.

RESULT AND DISCUSSION
Plants produce a wide range of secondary metabolites, and

these plant-specific compounds represent very important
quality traits of plants. An increasing number of triterpenoids

have been reported to exhibit cytotoxicity against a variety
of cancer cells without manifesting any toxicity in normal
cells. They also demonstrate antitumor efficacy in preclinical
animal models of cancer.”#! The present study resulted
in the identification of the efficacy of lupeol [Figure 1], a
triterpenoid isolated from E. scaber L. petroleum ether leaf
extract. The compound provided an effective action against
the growth of MCF-7 breast cancer cells with a significant
change in their viability. The compound inhibited the
growth of the cell with a dose-dependent increase in the
cell death providing an IC,; value of the compound as 80
uM [Figure 2]. This effect of the compound was also evident
from the results of LDH assay, where, the percentage of LDH
leakage from the dead cells increased as the concentration
of the compound increased [Figure 3]. The above results
are in accordance to the report that the lupeol treatment
permeabilizes the cell wall allowing the leakage of LDH in
gastric cancer cells leading to cell death.'! The nature of
the compound to induce cell death in the MCF-7 cells was
proved with the results of AO/EtBr staining [Figure 4]. The
control untreated live cells exhibited green cells specifying
the absence of cell death and the compound treated cells
were found to be stained as red cells signifying the induction
of cell death by the compound.
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Figure 1: Structure of lupeol
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Apoptosis is the process of induction of programmed cell
death, and any abnormalities in the normal pathways
involved in apoptosis leads to reduced apoptosis and the
resistance to apoptosis initiates enhanced cell progression,
which is involved in promoting cancer.? During the
induction of apoptosis, the cells are subjected to initiate a
cascade of events that include changes in both morphological
and biochemical characteristics of the cell.” In the present
study, both normal and breast cancer cells were subjected
for the analysis of morphological changes induced by
lupeol. A predominant change in the cell morphology was
observed in the breast cancer cells with cell shrinkage, cell
wall blebbing and reduction in cell population in lupeol
treated cells compared to the untreated cells. There were
no such significant changes observed in the lupeol treated
normal cells which indicated the non-toxic nature of the
compound toward the normal breast cell [Figure 5].

The intrinsic pathway of apoptosis is the mitochondrial
mediated pathway regulated by the proteins of the Bcl-2
family present in the mitochondria. The anti-apoptotic
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Figure 2: Effect of lupeol on MCF-7 cell viability. Each bar represents
the mean + standard error of the mean of five independent observations
and the statistical significance between control and the treated groups
at P <0.05 level

MCF-7

MCF =7 + Lupeol (80uM)

Figure 4: Lupeol induced cell death of MCF-7 cells. Fluorescent
microscopic image of AO/EtBr staining of the MCF-7 cells.
(a) Control - viable cells shows green stained nuclei. (b) 20 uM
compound treated MCF-7 cells shows red dead cells
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proteins Bcl-2 and Bel-X, are prominent cancer makers, whose
overexpression contribute to the enhanced cell proliferation
with the inhibition of apoptosis. These proteins prevent the
apoptosis-associated release of apoptogenic factors, such
as cytochrome ¢ and apoptosis-inducing factor from the
mitochondrial inter-membrane space into the cytoplasm.
When cytochrome c and AIF reach the cytoplasm, they
directly activate caspases and thereby initiate programmed
cell death.*?”! Overexpression of Bcl-2 and Bcl-X, prevents
the release of cytochrome c from mitochondria; protecting
the cells from apoptosis.?**! Thus, it has been reported that
the downregulation of Bcl-2 and Bcl-xL regulates the release
of the apoptogenic molecules such as cytochrome c allowing
the cells to initiate programmed cell death via the activation
of caspases.®*l The Bcl-2 and Bcl-xL protein expression
analysis of the present study also exhibited an elevated level
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Figure 3: Cytotoxic effect of lupeol on MCF-7 cells. Each bar
represents the mean + standard error of the mean of five independent
observations and the statistical significance between control and the
treated groups at P < 0.05 level

Control-MCF 10A

MCF 10A + Lupeol (80pM)

Figure 5: Effect of lupeol on cell morphology in MCF-7 and MCF-
10A cells. (a) Control MCF-10A cells. (b) Normal cells treated
with lupeol (80 uM). (c¢) Control MCF-7 cells (d) Lupeol treated
MCEF-7 cells
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Figure 6: Effect of lupeol on Bel-2 protein expressions - L1— Control
MCF-10A; L2 — Control-MCF-7; L3 — 80 uM lupeol treated MCF-7.
Each bar represents the mean + standard error of the mean of three
independent observations with statistical significance between control
and the treated groups at P <0.05 level — (a) compared with MCF-10A
normal control, (b) compared with MCF-7 control

of the protein expression in the breast cancer cells compared
to that of its expression in the normal cells. The compound
treated cells showed a significant decrease in the both the
protein expressions indicating the mechanism of action of
the compound to induce apoptosis [Figures 6 and 7]. The
downregulated protein expression levels in the treated cells
were found to be similar to that of the protein expressed in
the normal cells.

Thus, lupeol isolated from E. scaber L. has been identified to be
an effective herbal source to induce apoptosis and act against
breast cancer. Further in vitro analysis of the compound’s
action on the other key signaling molecules of cancer with
in vivo validation may confirm and suggest the use of lupeol
as an effective herbal therapeutic drug to treat breast cancer.

CONCLUSION

The present study concludes the anticancer efficacy of
the plant active principle, Lupeol, isolated from the
petroleum ether leaf extract of E. scaber L. The compound
possess a leading effect on the growth and survival of
the ER-a positive MCF-7 cells, whereas stands safe when
treated on the normal breast cells. The ability of the
compound to downregulate the expression of Bcl-2 and
Bcl-xL anti-apoptotic protein elucidates the mechanism
of action of the compound on the key cancer targets. The
present study has initiated as an idea of identifying the
anticancer effect of the compound and various in vitro and
in vivo studies in future is required for the identification
of other targets of the compound and exploration of its
effect on other cancer signalling pathways may provide
effective knowledge on the compound’s use in breast
cancer treatment.
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Figure 7: Effect of lupeol on Bel-xL protein expressions - L1— Control
MCF-10A; L2 — Control-MCF-7; L3 — 80 uM lupeol treated MCF-7.
Each bar represents the mean + standard error of the mean of three
independent observations with statistical significance between control
and the treated groups at P <0.05 level — (a) compared with MCF-10A
normal control, (b) compared with MCF-7 control
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