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Lupeol induces S-phase arrest and mitochondria-mediated
apoptosis in cervical cancer cells
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Cervical cancer is fourth most common fatal cancer in women worldwide. Lupeol is a dietary triterpenoid and has shown its
anticancer efﬁcacy against various cancer types with selectivity in targeting cancer cells. In the present study, anticancer
efﬁcacy and mechanism of action of a phytochemical, lupeol, in human cervical carcinoma (HeLa) cells has been examined.
The anticancer efﬁcacy of lupeol was assessed by trypan blue cell counting, annexin V assay, cell cycle analysis, expression
of apoptotic proteins by RT-PCR and Western blotting and assessment of mitochondrial ROS generation by mitosox and
mitotracker assays. Our results demonstrated that lupeol decreased cell proliferation and viability of HeLa cells signiﬁcantly
(p\0.001). Lupeol induced S-phase cell cycle arrest and also decreased the expression of S-phase Cyclins and CDKs and
increased the expression of cyclin-dependent kinase inhibitors, p21 at transcriptional and translational level. Further, lupeol
induced apoptosis and increased the expression of apoptosis markers such as cleaved PARP and Bax:Bcl-2 ratio. Furthermore, mitosox and mitotracker dye incubation followed by FACS analysis showed an increase in mitochondrial
superoxide generation and reduction in healthy mitochondrial mass. These results suggest that lupeol could be an effective
chemotherapeutic agent against cervical carcinoma due to its growth inhibitory activity through induction of S-phase cell
cycle arrest and apoptosis.
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Abbreviations: CDKI, cyclin-dependent kinase inhibitor; NAC, N-acetyl cysteine; PARP, poly(ADP-ribose) polymerase;
ROS, reactive oxygen species

1. Introduction
Cervical cancer is the fourth most common fatal cancer in
women globally. With approximately 26% incidence, cervical cancer is the most common cancer and top most reason
of mortality among Indian women due to cancer (Siegel
et al. 2013). HPV infection is the major risk factor for
intraepithelial neoplasia and invasive cervical cancer. About
99% of cervical cancer occurs due to infection with HPV-16
and HPV-18 strains (Walboomers et al. 1999). HPV infection releases oncogenic proteins such as E6 and E7 in the
host and are responsible for increased cell proliferation,
survival and invasive cervical cancer development (Yim and
Park 2005). Hence, regulation and control of cell cycle and
cell proliferation is important for checking the tumour
progression.
Among various treatment modalities such as surgery,
radiotherapy and chemotherapy, the latter is most practised
approach for the treatment of advanced invasive cervical
cancer. However, major challenges with this treatment
strategy is development of chemo-resistance and related
http://www.ias.ac.in/jbiosci

toxic side effects (Janicek and Averette 2001). Thus, a
strategy having minimal side effects for the treatment of
these cancers is warranted. Phytochemicals have emerged as
important chemopreventive agents due to their ability to
target multiple pathways speciﬁcally in the cancer cells and
causes little harm to the normal cells. Dietary agents present
in various fruits and vegetables has been shown to be
effective against various cancer types (Surh 2003). The
plant-derived molecules are known to cause cell cycle arrest
and apoptosis induction in cancer cells (Singh et al. 2002)
and thus could be promising treatment strategy for controlling cancer prevention and progression.
One such phytochemical, Lupeol is a dietary triterpenoid
belonging to group lupane which is present in various types
of fruits and vegetables including mango, strawberry, olive,
ﬁg, red grapes, cabbage, pepper, cucumber and tomato. It
possesses strong antioxidant, anti-inﬂammatory, antiarthritic and anti-malarial activity in vitro and in vivo system
(Saleem 2009). Lupeol is a potent inhibitor of protein
kinases and serine proteases and inhibits the activity of DNA
topoisomerase-II which is a known target for anti-cancer
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chemotherapy (He et al. 2011). It has been shown to have
anticancer activity against melanoma (Saleem et al. 2008),
prostate (Saleem et al. 2005), epidermoid (Prasad et al.
2009), pancreatic (Murtaza et al. 2009), hepatocellular (Lee
et al. 2011) and head and neck carcinoma (Lee et al. 2007).
The major mode of action by which lupeol represents anticancer activity includes induction of cell cycle arrest and
apoptosis. Toxicity study performed in mice showed that
oral administration of lupeol at a dose of 2g/kg had no
adverse effects in mice and no mortality was observed up to
96 h (Saleem 2009). Although, effect of lupeol on various
types of cancer has been investigated, yet very limited
studies have been performed on its effect on cervical cancer
and its mechanism of action on cervical cancer cells.
Therefore, in the present study we have examined the
anticancer potential of lupeol in regulating the cell cycle
progression and cell viability and induction of apoptosis in
HeLa cervical cancer cells. The results indicate that lupeol
treatment of cervical cancer cells induced S-phase cell cycle
arrest and increased the expression of apoptosis markers and
also increased mitochondrial superoxide generation, which
suggest its effectiveness in cervical cancer chemoprevention
and chemotherapy.

Fresh stock solution of lupeol (30 mM) was prepared by
dissolving it in warm ethanol and DMSO in a 1:1 ratio every
time for the treatment of the cells. Final concentration of
DMSO used for treatment of the cells was 0.16 % (v/v) in
the culture medium, which was found non-toxic to the cells.
Aliquots from stock solution were diluted with the media to
make ﬁnal working concentrations for treatment.

2.3

Cell viability assay

The cells were seeded in 60-mm cell culture dishes at
approximately 105 cells/dish density and allowed to adhere
for 24 h. Subsequently, the cells were treated with fresh
complete medium containing appropriate amount of either
vehicle (DMSO & ethanol, 1:1) alone or lupeol (25, 50, or
100 lM) and incubated for different time points. After 24,
48 and 72 h of incubation with lupeol, cells were trypsinized,
and cell viability was examined using trypan blue exclusion
assay (Nambiar et al. 2013). Total cell number were calculated by adding live and dead cells and percent cell death
was calculated by dividing dead cell with total cell number
multiplied by 100. Experiment was performed three times
and samples were taken in triplicate for each group.

2. Materials and methods
2.4
2.1

Lupeol, dimethyl sulfoxide (DMSO), propidium iodide (PI),
saponin, bromophenol blue, trypan blue, EDTA, b-actin and
Cyclin A antibodies were obtained from Sigma Aldrich (St.
Louis, MO, USA). HeLa (cervical cancer) cell lines were
purchased from National Centre for Cell Sciences (NCCS,
Pune, India). Antibodies against p21/Cip1, Bcl2, Bax, and
cleaved-PARP were bought from Cell Signalling Technology (Danvers, Massachusetts, USA), and antibodies against
Cyclin E and CDK2 were bought from Santa Cruz
Biotechnology (Dallas, TX, USA). The cell culture growth
media Minimum Essential media (MEM) and antibiotics
penicillin-streptomycin-amphotericin B cocktail was
obtained from HiMedia laboratories (Mumbai, Maharashtra,
India). Other chemicals were of analytical grades and
obtained from Sisco Research Laboratories (Mumbai,
Maharashtra, India).

The cells were seeded as described above and after 24h cells
were ﬁrst kept in 0.5% serum media for 18 h in order to
synchronize the cells. After 18 h, cells were treated with
either vehicle (DMSO:ethanol, 1:1) or lupeol (25, 50 and
100 lM) and incubated for 24h. At the end of incubation
cells were harvested and cell cycle analysis was performed
as reported recently (Sabarwal et al. 2017). Brieﬂy, after
trypsinization, the cell pellets were resuspended in 0.5 mL of
a buffer cocktail (0.3% saponin (w/v), 25 lg/mL PI (w/v),
0.1 mM EDTA and 10 lg/mL RNase A (w/v) in PBS), and
incubated for 4 h at 4°C in dark. The cells were subjected to
FACS analysis using FACS Aria III (BD Biosciences, San
Jose, CA, USA) and subsequently data analysis was done
with ModFit software. Experiment was performed twice and
samples for each group were taken in duplicate.

2.5
2.2

FACS analysis for cell cycle distributions

Chemicals

Cell culture and treatments

The HeLa cells were grown in MEM containing glutamine
and supplemented with 10% FBS and 1% antibiotics and
fungicide cocktail (penicillin-streptomycin-amphotericin B)
by incubating in a humidiﬁed atmosphere supplied with 5%
CO2 and at 37°C temperature.

Annexin-V assay for apoptosis

Approximately 19105 cells were seeded in 60 mm culture
dishes and after they adhered, the cells were treated with
lupeol or the carrier. At the end of 24 and 48 h of incubations, both ﬂoating and adherent cells were harvested and
apoptosis assay was performed using Annexin V-FITC
apoptosis detection kit following manufacturer’s protocol
(BD Pharmingen, San Jose, CA, USA) using FACS Aria III
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(BD Biosciences, San Jose, CA, USA). Experiment was
performed twice and samples for each group were taken in
triplicate.

2.6

2)

3)

4)

5)

6)

GAPDH
Forward primer- 50 -GCC TTC CGT GTC CCC ACT
GC-30
Reverse primer- 50 -CAA TGC CAG CCC CAG CGT
CA-30

RT-PCR

Total RNA from the cells was extracted using TRIZOL
reagent and manufacturer’s instructions (Life Technology,
Carlsbad, CA, USA). Equal amount of total RNA (5 lg)
was used to prepare cDNA using Takara cDNA synthesis
kit according to the manufacturer’s protocol (Takara-Bio,
Japan). Further, reaction mixture was prepared using
template (3 lL), forward primer (10 pmol/lL), reverse
primer (10 pmol/lL), dNTP mix (10 mM), 10X PCR
buffer containing Mg?? (25 mM) and Taq DNA polymerase (3U/lL) in ﬁnal volume of 25 lL. The reaction
was set for 25 cycles of regular PCR reaction in Eppendorf’s Thermocycler (Hamburg, Germany). PCR products
were analyzed on 1% agarose gel electrophoresis and
visualized under GelDoc system (Applied Biosystems,
Foster City, CA, USA). The following primer sequences
were used for RT-PCR:
1)

7)
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p21
Forward primer- 50 -CCC AGT GGA CAG CGA GCA
GC-30
Reverse primer- 50 -TCT GCC GCC GTT TTC GAC
CC-30
CDK2
Forward primer- 50 -AGG CCC GTG ATC CCC ACA
GT- 30
Reverse primer- 50 -TGG TGG GGG TGC CTT GTC
CA-30
BCL-2
Forward primer- 50 -AAG CGG TCC CGT GGA TAG
A-30
Reverse primer- 50 -TCC GGT ATT CGC AGA AGT
CC-30
BAX
Forward primer- 50 -AGG ATG CGT CCA CCA AGA
AG-30
Reverse primer- 50 -CCA GTT GAA GTT GCC GTC
AGA-30
Cyclin E
Forward primer- 50 -ACT GCT GCT GCC TTG TGC
CA-30
Reverse primer- 50 -GCC TCC ATT GCA CAC TGG
TGA CA-30
Cyclin A
Forward primer- 50 -GCA GAC GGC GCT CCA AGA
GG-30
Reverse primer- 50 -AGG GGT GCA ACC CGT CTC
GT-30

2.7

Western blotting

Approximately 59105 cells were seeded in 100 mm petriplates and after 24 h, cells were treated with different concentrations of either vehicle or lupeol (0–100 lM). After
completion of different incubation time points, cells were
washed with cold PBS and lysed with RIPA lysis buffer (50
mM Tris, 1% Triton X-100, 0.1% sodium dodecyl sulfate,
150 mM NaCl) containing protease and phosphatase inhibitors (Roche Applied Sciences, Indianapolis, IN, USA) on
ice. The protein was quantiﬁed and equal amount of proteins
were electrophoresed onto 10–12% SDS-PAGE gels. The
separated proteins were transferred on to nitrocellulose
membrane followed by incubation in blocking solution
containing 5% non-fat milk for 1 h at room temperature or
overnight at 4°C. Membranes were probed using speciﬁc
primary antibodies against Cyclin A, Cyclin E, CDK2,
p21/cip1, Bax, Bcl-2 and cleaved-PARP, followed by incubation with horse radish peroxidase-conjugated appropriate
secondary antibodies, and visualized by the ECL detection
system. Image J software was used for densitometry of the
blots.

2.8

MitoTracker Red for mitochondrial mass reduction

Approximately 19105 cells were seeded in 60 mm culture
dishes and after they adhered, the cells were treated with
lupeol (100 lM) or the carrier as described above. After
completion of incubations as indicated, cells were treated
with 200 nM MitoTracker Red and incubated for 60 min.
Thereafter, cells were collected by trypsinization and washed
with cold PBS. The cell Pellets were resuspended in 0.5 mL
PBS and mitochondrial degradation was determined using
FACS Aria III (Tal et al. 2009).

2.9

MitoSOX for superoxide generation

For quantiﬁcation of mitochondrial superoxides approximately 19105 cells were seeded in 60 mm culture dishes and
after they adhered, the cells were treated with lupeol (100
lM) or the carrier as described above. Subsequently, the
cells were incubated with 5 lM MitoSOX Red dye and
incubated for 30 min, harvested by trypsinization. The cell
pellets were washed with cold PBS and ﬂuorescence was
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detected using FACS Aria III (Mukhopadhyay et al. 2007;
Hahm et al. 2011).

2.10

Statistical and densitometry analyses

Statistical analysis was done using GrapPad Prism 5 software version 5. Quantitative data are presented as
Mean±SEM. Statistical signiﬁcance between control and
treated group was determined by one-way ANOVA followed
by Student’s t-test and p\0.05 was considered signiﬁcant.

3. Results
3.1 Lupeol decreased cell growth and viability of HeLa
cells and SiHa cells
We ﬁrst evaluated the effect of lupeol on cell growth and
viability of cervical cancer (HeLa) cells. At 24 h, lupeol
treatment resulted in 71% decrease in total cell number and
36% increase in cell death at the 100 lM concentration.
Further, lupeol treatment for 48 h resulted in 28% and 85%
decrease in total cell number, and 16% and 41% increase in
percent cell death at 50 lM and 100 lM concentrations,
respectively (ﬁgure 1A and B). There was 53% and 95%
decrease in total cell number, and 28% and 40% increase in
percent cell death after 72 h of lupeol treatment at 50 lM
and 100 lM concentrations, respectively (ﬁgure 1A and B).
Further, we also performed cell viability assay using
lupeol on another cervical adenocarcinoma cell line, SiHa
cells. As shown in the ﬁgure 1C and D, lupeol (0–100 lM)
treatment of SiHa cells for 0–48 h resulted in signiﬁcant
decrease in the cell number by up to 80% at 100 lM dose at
48h (p\0.001) and increased the cell death by up to 50% (±)
in 100 lM dose at 48h (p\0.001) (ﬁgure 1C & 1D).
These results show that lupeol strongly inhibits cell
growth and induces cell death in two different cervical
cancer cells i.e. HeLa and SiHa cells. These ﬁndings suggest
that lupeol concentration- and time-dependently inhibited
the growth and survival, and induced cell death in in vitro
model of human cervical cancer cells.

3.2

Lupeol induced S-phase arrest in HeLa cells

Since lupeol showed decreased cell proliferation and
increased cell death, we next examined whether growth
inhibitory effect of lupeol is due to induction of cell cycle
arrest. The cells were serum starved (0.5% FBS) to synchronize and then treated with the carrier or the lupeol for 24
or 48 h and cell cycle analysis was performed. As shown in
ﬁgure 2A and 2B, no signiﬁcant change at 25 lM concentration of lupeol was observed at 24 h however, at 48 h, the

cells showed decrease in G0/G1 cell population to 55% as
compared to 67% in control (p\0.001) and increased
S-phase cell population to 78% as compared to 27% in
control. In the group with 50 lM concentration of lupeol at
24 h, G0/G1 cell population decreased to 59% (p\0.05) as
compared to 64% in control and S-phase cell population
increased to 36% (p\0.01) as compared to 29% in control.
In the same group at 48 h duration cells population in G0/G1
phase decreased to 53% as compared to 67% in control
(p\0.001), whereas cells in S-phase increased to 41% as
compared to 27% in control (p\0.001) while in G2-M phase
cell decreased to 5% as compared to 9% in control (p\0.05)
(ﬁgure 2B). Similarly, at 100 lM concentration of lupeol,
cells population in G0/G1 phase decreased to 54% as compared to 64% in control (p\0.001), S-phase cells increased
to 40% as compared to 29% in control (p\0.001) at 24 h,
while at 48 h, cell population in G0/G1 phase decreased to
52% as compared to 67% in control (p\0.001) and S-phase
population increased to 44% as compared to 27% in control
(p\0.001). These results clearly suggest that lupeol treatment of HeLa cells induced S-phase cell cycle arrest at 24
and 48 h at different doses which may be responsible for
decreased cell growth.

3.3 Lupeol modulated the expression of cell cycle
regulatory proteins in HeLa cells
Since lupeol induced a signiﬁcant increase in the HeLa cells
in S-phase and a moderate increase in G2-M phase of cell
cycle, we next examined the regulation of cell cycle genes
involved in the induction of S-phase arrest by lupeol at
transcription and translation levels. First, the effect of lupeol
on the expression of cell cycle regulatory proteins at the
transcriptional level was examined. Semi-quantitative RTPCR analysis showed a signiﬁcant decrease in the expression of Cyclin E (80% and 60% at 50 and 100 lM concentrations, respectively) and Cyclin A (20% and 80% at 50
and 100 lM concentrations, respectively) by lupeol at 24 h,
while no signiﬁcant effect on CDK2 level was observed at
both the concentrations. Further, signiﬁcant increase in the
expression of p21/Cip1 by 2.9-, 3.2- and 2.6-fold at 25, 50
and 100 lM concentrations were observed (ﬁgure 3A).
These observations in the m-RNA expression of cell cycle
regulatory genes suggest that lupeol could modulate their
expression in HeLa cells at the transcriptional level.
Next, we assessed the effect of lupeol on the regulation of
expression at the protein level by immunoblotting. As shown
in ﬁgure 3B, treatment with different concentrations of
lupeol resulted in decrease in the protein expression levels of
Cyclin E by 20% in 25 lM, 60% in 50 lM and 90% in 100
lM at 48 h. Further, approximately 70% decrease in the
expression of Cyclin A was observed in both 50 and 100 lM
doses. Lupeol treatment of HeLa cells also resulted in
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Figure 1. Growth inhibitory effects of lapel on human cervical carcinoma (HeLa and SiHa) cells. Viable cells and dead cells were counted
using Trypan blue dye exclusion method in haemocytometer. Representative value of total cell number (A) and percent cell death (B) of
HeLa cells are shown as bar diagrams at 24, 48 and 72 h. The total cell number of SiHa cells (C) and percent cell death (D) of SiHa cells at
24 and 48 h are shown as bar diagrams. The cell growth data shows mean ± SEM (n=3); *p\0.05, **p\0.01, ***p\0.001 vs. respective
controls analysed.

decreased expression of CDK-2 protein by 20, 30 and 60%
at 25, 50 and 100 lM doses, respectively. We also examined
the expression of CDK inhibitor and observed that lupeol
induced signiﬁcant increase in the expression of CDK
inhibitor p21/Cip1 at 48 h by 1.3, 1.4 and 1.2 fold at 25, 50
and 100 lM doses, respectively. These ﬁndings suggest that
lupeol regulated the expression of cell cycle regulatory
proteins which lead to S-phase cell cycle arrest and thus
could be responsible for lupeol-induced decrease in HeLa
cell growth.

3.4

Lupeol induced apoptotic cell death in HeLa cells

Since cell cycle arrest usually results in the blockage of cell
growth, which may lead to cell death via apoptosis and could
play important role in decreased tumour growth (Pucci et al.
2000). Accordingly, to assess whether lupeol induced cell
death as observed in trypan blue dye exclusion assay could
be due to apoptosis, we next performed Annexin V assay. As
shown in the ﬁgure 4A and 4B, lupeol (100 lM) treatment
resulted in more than 2-fold increase in apoptotic cells at 24

h, while approximately more than 5-fold increase in apoptotic cells at 48 h as compared to respective controls. There
was no signiﬁcant effect in the apoptotic cell population at
25 and 50 lM concentrations of lupeol as compared to
respective controls (ﬁgure 4B).

3.5 Lupeol modulated the expression of apoptosis
regulating molecules in HeLa cells
Next, we assessed the effect of lupeol on the expression of
apoptotic markers in HeLa cells. As shown in ﬁgure 5A,
although only slight decrease in mRNA expression of antiapoptotic protein Bcl-2 was observed, there was a signiﬁcant
increase (1.7-fold in 100 lM) in mRNA level of pro-apoptotic protein, Bax. Similarly, immunoblotting of Bcl-2 protein showed a concentration-dependent decrease in its
expression, showing maximum decrease (by *60%) at 100
lM, while a slight change in the expression of Bax was
observed at different lupeol doses (ﬁgure 5Bi). However, the
Bax:Bcl-2 ratio (fold-change of Bax protein divided with
fold-change of Bcl-2 protein) showed a signiﬁcant increase

254

Lupeol (0 μM)

Lupeol (25 μM)

Lupeol (50 μM)

Lupeol (100 μM)

24 h

(A)

Nupoor Prasad et al.

Lupeol (25 μM)

Lupeol (50 μM)

Lupeol (100 μM)

48 h

Lupeol (0 μM)

(B)

Figure 2. Lupeol treatment induced cell cycle arrest in HeLa cells. Cell population in different cell cycle phases are shown as histogram
analysed by ModFit software (A). Quantiﬁcation of the cell population (in percent) in different cell cycle phases shown as bar diagrams
representing mean ± SEM (n=6) (B). *p\0.05, **p\0.01, ***p\0.001 vs. respective controls.

by 2- and 3-fold at 50 and 100 lM concentrations, respectively (ﬁgure 5Bii). This ratio when near one suggest healthy
cells while higher than 1 value indicates decreased survivability of the cells suggesting lupeol-induced cell death/
apoptosis in HeLa cells.
Since cleavage of Poly ADP-ribose polymerase (PARP),
a 116 kilodalton (kDa) protein, is one of the important
biomarkers of apoptosis (Mullen 2004), we next examined
the effect of lupeol on PARP cleavage. Initially, we
examined level of cleaved PARP at 24 h by Western
blotting and found increased level of cleaved protein by 2.8

and 5 fold at 50 and 100 lM concentrations, respectively
(ﬁgure 5Ci). Further, we the HeLa cells with lupeol for 48
h and assessed the level of cleaved PARP. We observed a
signiﬁcant increase in PARP cleavage as evident by
increased level of 89 kDa cleaved PARP at 25, 50 and 100
lM concentrations by 3.2-, 7.9- and 5.4-fold, respectively.
However, 100 lM concentration at 48 h showed a slight
decrease in the level of cleaved PARP as compared to 50
lM concentration which may be likely due to the fact that
during longer incubations of 48 h the cleaved PARP could
have degraded.
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Figure 3. Lupeol treatment induced mRNA expression of cell cycle regulators in HeLa cells. Semi-quantitative RT-PCR images showing
the mRNA expression of cyclin-E, cyclin-A, CDK-2 and p21/Cip1 in HeLa cells at 24 h after lupeol treatment (A). Numbers below the
bands represent fold-changes in mRNA expression corrected for GAPDH loading control (n=3). Western blotting images showing
expression of cyclin E, cyclin A, CDK-2 and p21/Cip1 proteins in HeLa cell after 48 h of lupeol treatment (B). Numbers below the bands
represent fold-changes in protein expression corrected for b-actin loading control (n=3).

3.6 Lupeol decreased the healthy mitochondrial mass
and increased mitochondrial ROS in HeLa cells
Mitochondrial permeabilization is an important event during
cell death, which can be traced by using mitotracker, a ﬂuorescent probe that contains mildly thiol-reactive chloromethyl moiety, which labels mitochondria (CottetRousselle et al. 2011). Entry of mitotracker inside mitochondria depends upon the mitochondrial membrane
potential. Mitotracker can easily enter inside active mitochondria and gives more ﬂuorescence however, in apoptotic
cells due to collapse in mitochondrial membrane potential,
dye cannot enter inside the mitochondria and hence cells
give low ﬂuorescence. HeLa cells, when treated with 100
lM lupeol, showed a decrease of a slight 6% at 24 h, and a
decrease of signiﬁcant 36% (p\0.01) in mitochondrial
membrane potential at 48 h (ﬁgure 6A and B).
To test whether mitochondria generated ROS, such as
superoxides, were elevated by lupeol in HeLA cells that lead
to apoptosis (Cai and Jones 1998), we next assessed production of superoxides in HeLa cells using MitoSox that
selectively detects mitochondrial superoxides. Mitosox
enters the live mitochondria and gets oxidised by superoxides which gives red colour that can be detected by ﬂow
cytometry. As shown in ﬁgures 6C and D, lupeol treatment
resulted in 4 and 22% (p\0.0001) increase in mitochondrial
superoxide generation at 24 and 48 h, respectively in HeLa

cells at 100 lM concentration. These ﬁndings suggest that
lupeol increased ROS production in HeLa cells which could
be responsible for increased death of cervical cancer cells.

3.7 Effect of an antioxidant, N-acetyl cysteine (NAC),
on apoptosis of Lupeol treated HeLa cells
Since lupeol induced the production of mitochondria-generated superoxides which could be the reason for increased
cell death, we conﬁrmed the same by testing the effect of
NAC, a known scavenger of intracellular ROS, on lupeolinduced and mitochondrial ROS-mediated apoptosis. As
shown in ﬁgure 7, lupeol (100 lM) treatment alone led to a
signiﬁcant 3-fold cell death as compared to control, while
treatment with NAC decreased the cell death by approximately 35% (p\0.01) as compared to lupeol (100 lM)
alone. This result suggests that lupeol-induced mitochondria-generated superoxides could cause apoptosis in HeLa
cells.

4. Discussion
Chemoprevention is one of the important strategies in controlling global cancer burden. Chemopreventive agents prevent conversion of normal cells into premalignant cells or
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Figure 4. Lupeol treatment induced apoptosis of HeLa cells. The representative dot blot images after 24 and 48 h of lupeol (100 lM)
treatment of HeLa cells obtained from ﬂow cytometry of Annexin V stained cells are shown (A); Quantiﬁcation of the apoptotic cell
population (in percent) shown as bar diagrams representing mean ± SEM (n=6) (B). *p\0.05 ***p\0.001, vs. respective controls.

suppress the further progression of premalignant cells into
invasive cancer (Scott et al. 2009). Several phytochemicals
including resveratrol, genistein, silibinin and curcumin have
proved their pre-clinical and mechanistic efﬁcacy as
chemopreventive agent. From a safety point of view,
chemopreventive phytochemicals have shown minimal

toxicity at a given concentration which prevents damage of
normal cells and hence are attractive agents. Lupeol, a
pentacyclic triterpenoid, is one such phytochemical that has
shown its potent chemopreventive efﬁcacy against many
types of cancers including prostate, pancreatic, head and
neck, hepatocellular and skin cancers (Saleem 2009).
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Figure 5. Lupeol treatment induced expression of Bcl2 family proteins in HeLa cells. The representative semiquantitative RT-PCR
images showing the mRNA expression of Bcl-2 and Bax after 24 h of lupeol treatment of HeLa cells (A). The representative blots of Bax
and Bcl-2 are shown after 48 h of lupeol treatment of HeLa cells (Bi). Bar diagrams showing Bax : Bcl-2 ratio calculated from respective
fold changes in the expression of these proteins at 48 h of lupeol treatment (Bii); The representative blots of cleaved PARP at 24 h (Ci) and
48 h (Cii) of lupeol treatment. The numbers below the bands represent fold-changes in protein levels corrected for GAPDH (mRNA) and bactin (proteins) loading control.

Although anticancer efﬁcacy and mechanism of action of
lupeol for various cancers have been explored, its efﬁcacy
and mode of action on cervical cancer is not known yet.
Since cervical cancer is associated with high mortality in
women globally, we evaluated the effect of lupeol on human
cervical carcinoma model, HeLa cells.
The results in the present study demonstrate efﬁcacy of
lupeol in inhibiting growth, and viability of HeLa cells
which are advanced stage cervical carcinoma cells. Unregulated growth and increased proliferation of cell is an
important hallmark of cancer (Hanahan and Weinberg 2011).
Various types of mutations in tumour suppressor genes such
as Rb and p53 result in removal of different constrains that
regulate cell cycle in normal cells. This results in loss of cell
cycle control and continuous expression of mitogenic signal
transduction resulting in enhanced proliferation leading to
cancer development. Cell cycle regulators such as CDKs,
Cyclins and CDK inhibitors play important role in transition
from one phase to the other phase of cell cycle. In cancer

cells these regulators become unchecked leading to uncontrolled cell proliferation.
Pharmacological approach to control the activity of cell
cycle regulators may be helpful in inhibiting cells growth.
Here, lupeol treatment of cervical cancer cells resulted in
S-phase cell cycle arrest at 25, 50 and 100 lM concentrations at both 24 and 48h durations of incubation, indicating that increased cell population in S-phase could halt
the cell cycle progression leading to decreased cell division
and overall effect on the cancer cell growth. Further, lupeol
treatment resulted in decreased expression of Cyclin E,
Cyclin A and CDK2 at protein level, which suggest that
lupeol plays important role in S-phase cell cycle arrest by
inhibiting the key regulator of the cell cycle in S-phase.
Cyclin E-CDK2 complex is important for initial S-phase
cell cycle progression while Cyclin A-CDK2 complex
required for further S-phase progression. Decrease in the
expression of these regulators indicate the arrest of cells in
respective phase of cell cycle. Cells possess natural
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Figure 6. Lupeol treatment induced mitochondria-mediated apoptosis. Cell population showing mitotracker (A) and Mitosox
(C) ﬂuorescence in lupeol (100 lM) treated HeLa cells for 24 and 48 h respectively, are shown as representative histogram with their
respective quantiﬁcation (percent mitochondrial mass) (B) and (percent superoxide generation) (D) shown as bar diagrams representing
mean ± SEM (n=6). *p\0.05, **p\0.01 vs. respective controls.

inhibitors which regulate the activity of CDKs for example,
p21/Cip1 is one of the many important CDK inhibitors that
binds to CyclinA-CDK2 and CyclinE-CDK2 complexes
and inactivate them (Hinds 2003). Our results demonstrate
that lupeol increased the expression of p21/Cip1 at both
mRNA and protein levels, which could lead to cell cycle
arrest and prevent further cell cycle progression of HeLa
cells.
Cancer cells can resist cell death and have increased
survival capacity. Induction of apoptosis by chemopreventive agent is an effective way to control cancer growth.
Chemopreventive agent are known to induce apoptosis by
halting the repair mechanism in cancer cells, an effective
mechanism to decrease viability of cancer cells (Toshiya
et al. 2012). Here, we observed that lupeol treatment resulted
in signiﬁcant induction (2- and 5-fold) of apoptosis in cervical cancer cells at 100 lM concentration at 24 and 48 h,
respectively which could suggest its anti-cancer property in
cervical carcinoma.

The excess of anti-apoptotic proteins make cancer cells
resistant to death. The ratio of Bax, a pro-apoptotic protein
and Bcl-2, an anti-apoptotic protein decides the release of
the cytochrome c from the mitochondria which is an
important event during mitochondria-mediated apoptosis.
High than one Bax:Bcl-2 ratio favours mitochondria-mediated apoptosis whereas lower than one indicates survival.
Our results show that lupeol treatment (100 lM) caused a
mild increase in Bax level but a strong decrease in Bcl-2
protein levels. This resulted in a huge increase in Bax:Bcl2 ratio, which could be responsible for signiﬁcant induction
of apoptosis in HeLa cells. Further, increased Bax:Bcl-2
ratio implicates mitochondria-mediated apoptosis in HeLa
cells.
Cleavage of Poly(ADP-ribose) polymerase (PARP), a
polymerase that recognizes nicks in DNA and repairs the
damaged DNA, is one of the important biomarkers of
apoptosis (Mullen 2004). During apoptosis 116 kDa PARP
protein is cleaved by active caspase-3 into a 89 kDa
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Figure 7. Lupeol treatment induced mitochondria-mediated apoptosis prevented by NAC. The HeLa cells were pre-treated with vehicle
or NAC (5 mM) for 5 h followed by lupeol (100 lM) or vehicle treatment for 48 h. After the completion of incubation, the light
microscopic images were obtained followed by Annexin-V FITC staining. The representative microscopic images of are shown,
magniﬁcation 1009 (A). Quantiﬁcation of the apoptotic cell population (in percent) obtained from ﬂow cytometry of Annexin V stained
cells from above experiment are shown as bar diagrams (B). Bars show mean ± SEM (n=6). *p\0.05 vs. Control; **p\0.01 vs. lupeol
treated group.

C-terminal fragment with reduced catalytic activity and a 24
kDa N-terminal peptide containing DNA binding domain.
The cleavage of PARP prevents repair of damaged DNA and
as a result cells undergo apoptosis. Lupeol treatment (100

lM) caused an increase in cleavage of PARP up to *5-fold
at 24 h. Nonetheless, lupeol-induced increased cleavage of
PARP further conﬁrmed the effectiveness of lupeol in
inducing cell death in HeLa cells.
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intracellular cysteine and glutathione (GSH). GSH production by NAC is responsible for scavenging ROS which may
block mitochondrial ROS-mediated apoptosis (Sun 2010).
We also observed that the pre-treatment of HeLa cells with
NAC caused a signiﬁcant decrease in apoptotic cell death by
35%, which conﬁrmed the role of ROS in lupeol -mediated
apoptosis induction in Hela cells.
In summary, results in the present study show that lupeol
could inhibit the growth of cervical carcinoma cells through
induction of cell cycle arrest and mitochondria-mediated
apoptosis in HeLa cells (ﬁgure 8), suggesting that lupeol could
be a potential molecule for intervention of cervical cancer.
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