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Abstract. Tumor necrosis factor-α (TNF-α) and TNF-related 
apoptosis-inducing ligand (TRAIL) are promising candidates 
for cancer treatment due to their ability to induce apoptosis 
through death receptor stimulation. However, their usage may 
be limited due to the resistance of cancer cells to TNF-α- and 
TRAIL-induced apoptosis. Currently, there is interest in 
screening for natural products that can sensitize cancer cells to 
TNF-α‑ and TRAIL-induced apoptosis for their use in combi-
nation with TNF-α or TRAIL. It was previously reported that 
the bark extract of Thevetia peruviana showed a reversal effect 
on TRAIL-resistance in human gastric adenocarcinoma cell 
lines. In the present study, the effects of the ethanolic extract 
of T. peruviana flowers on TNF‑α‑ and TRAIL-induced apop-
tosis of human cervical cancer HeLa cells were investigated 
in vitro by determining cell viability and apoptosis using 
a WST-1 cell proliferation assay and immunoblot analysis, 
respectively. The ethanolic extract of T. peruviana flowers 
promoted TNF-α and TRAIL-mediated cell death through 
the activation of the caspase cascade, poly(ADP-ribose) poly-
merase and BH3-interacting domain death agonist cleavage. 
Combined treatment using the extract plus TNF-α resulted in 
downregulation of anti-apoptotic protein, including myeloid 
cell leukemia sequence-1, B-cell lymphoma-extra large 
(Bcl-XL), X-linked inhibitor of apoptosis protein and survivin, 
while the combined treatment with TRAIL downregulated 
Bcl-XL. Thus, the ethanolic extract of T. peruviana flowers has 

potential in sensitizing the TNF-α‑ and TRAIL-induced apop-
tosis of HeLa cells via the intrinsic and extrinsic pathways.

Introduction

Chemotherapy is one of the major standard treatments that is 
beneficial for numerous cancer types due to its efficient induc-
tion of tumor cell death by apoptosis. At present, the cancer 
resistance of chemotherapeutic drugs is a major drawback that 
leads to the failure of cancer treatments. Chemotherapeutic 
drugs eliminate tumor cells by the induction of apoptosis via 
two distinct pathways, which act through the mitochondria 
(intrinsic signaling pathway) or through death receptors on 
the cell surface (extrinsic signaling pathway) (1). Induction 
of apoptosis via the intrinsic signaling pathway is initiated by 
severe cell stress, including DNA damage, mitotic catastrophe, 
hypoxia and cell cycle checkpoint defects. The majority of 
conventional chemotherapeutic drugs trigger DNA damage 
and induce apoptosis via the intrinsic signaling pathway by 
the activation of tumor suppressor protein, p53, which leads 
to the breakdown of mitochondrial membrane and the release 
of cytochrome c into the cytosol. Cytochrome c binds to 
the adaptor apoptotic protease activating factor 1, forming 
an apoptosome. The apoptosome subsequently activates 
caspase-9 and caspase-3, which results in the cleavage of 
death substrates (2-4). Defects in intrinsic apoptosis signal 
transduction, such as the mutation of p53, contributes to 
the chemotherapeutic drug resistance of cancer (5,6). The 
extrinsic pathway triggers apoptosis independently on tumor 
suppressor p53 through the binding of death ligand to the 
death receptors, including Fas, tumor necrosis factor receptor 1 
(TNF-R1) or TNF-related apoptosis-inducing ligand (TRAIL) 
receptors (7,8).

Tumor necrosis factor-α (TNF-α) and TRAIL are death 
ligands that effectively activate various apoptosis signal trans-
ductions after their binding to TNF-R1 and TRAIL receptors, 
respectively. Binding of TNF-α to TNF-R1 recruits the adaptor 
molecules, which are TNF-R1-associated death domain protein 
(TRADD) and Fas-associated death domain (FADD) to acti-
vate a caspase cascade from the upstream initiator caspase-8 
to the downstream effector caspase-3 (9,10). TRAIL induces 
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apoptosis through its activation with two distinct receptors, 
DR4 and DR5, leading to the direct recruitment of FADD and 
subsequent activation of caspase-8 and caspase-3 (9,11,12). The 
intrinsic and extrinsic pathways connect their signal transduc-
tions through the pro-apoptotic BH3-interacting domain death 
agonist (Bid), which is a member of the apoptosis regulator 
B-cell lymphoma 2 (Bcl-2) family. The cytosolic Bid is cleaved 
by the activated caspase-8 to generate the truncated form of 
Bid, which translocates to the mitochondria and mediates cyto-
chrome c release via direct interaction with Bcl-2 homologous 
antagonist killer and Bcl-2-associated protein. This mecha-
nistic link apparently amplifies the apoptosis signal following 
death receptor activation by activating downstream effector 
caspases (13-15). Effector caspases, including caspase-3 and 
caspase-7, are responsible for the cleavage of cellular proteins 
such as poly(ADP-ribose) polymerase (PARP), which are 
involved in DNA repair and programmed cell death (16). 
PARP is inactivated by caspase-3 cleavage, which ultimately 
causes morphological and biochemical changes, and apoptotic 
cell death (17). Anti-apoptotic proteins, such as myeloid cell 
leukemia sequence-1 (Mcl-1), B-cell lymphoma-extra large 
(Bcl-XL), X-linked inhibitor of apoptosis protein (XIAP) and 
survivin can block caspase cascades (18,19).

Presently, TNF-α and TRAIL are being investigated 
in clinical trials for cancer therapy. TRAIL is a promising 
anticancer agent, as it can induce the apoptosis of cancer cells 
without toxic effects on normal cells (11). However, TNF-α 
and TRAIL resistance have been observed in a number of 
cancer cell lines, which may be due to the defect in their 
receptor signaling or the dysfunction of anti-apoptotic proteins 
controlled by survival signaling pathways (9-11). Currently, 
there is much interest in screening for agents that overcome 
TNF-α and TRAIL resistance for use in combination with 
TNF-α and TRAIL during cancer treatment (20,21).

Thevetia peruviana (also known as rumpei in Thai) is a 
native plant of Central and South America, belonging to the 
Apocynaceae family. This plant has been grown as a deco-
rative shrub throughout the tropical and subtropical parts of 
the world, including Thailand, due to its beautiful flowers. 
T. peruviana has a dense crown, diffuse branches and linear, 
willow‑like, dark‑green, glossy leaves. The colors of the flowers 
vary from yellow to a dull orange. The fruit is a fleshy, trian-
gular drupe with 2 seeds. The fruit color is green, which turns 
to yellow after ripening. The sap is milky white (22). All parts 
of T. peruviana are poisonous to man and animals due to their 
major phytochemical cardiac glycosides, including thevetin A, 
thevetin B and acetylthevetin, found in the seed kernels, the 
leaves, the fruit and the sap (22,23). In addition, phenolics and 
flavonoids are found in different parts of T. peruviana. Phenolics 
and flavonoids levels are high in the leaves and flowers, respec-
tively (24). Despite its toxicity, this plant has been reported to 
promote various biological activities. For example, terpenes 
isolated from the seed extract exhibited antifungal proper-
ties against Cladosporium cucumerinum (25), and flavonols 
isolated from the leaf extract promoted human immunodefi-
ciency virus type 1 (HIV-1) reverse transcriptase and HIV-1 
integrase inhibitory activities (26). Furthermore, a previous 
study found that thevefolin cardenolide glycoside isolated 
from the bark extract of T. peruviana showed a reversal effect 
on TRAIL-resistance in human gastric adenocarcinoma cell 

lines through the enhancement of mRNA expression of death 
receptors, DR4 and DR5 (27). Therefore, bioactive compounds 
from other parts of T. peruviana, such as the flowers and 
leaves, may possess anticancer activity. Currently, there are 
no studies concerning the anticancer effect of the constituents 
from T. peruviana flowers. Therefore, the investigation of their 
anticancer effects and the study of the mechanisms of action 
may be inciteful.

In the present study, the effects of an ethanolic extract of 
T. peruviana flowers on TNF‑α- and TRAIL-induced apoptosis 
were investigated in a TRAIL-resistant human cervical cancer 
cell line. The mechanisms of action behind the apoptotic and 
anti-apoptotic proteins involved in the intrinsic and extrinsic 
pathways of apoptosis were also studied.

Materials and methods

Plant extract. Flowers of T. peruviana were collected from 
Nakhonnayok, Thailand. Plant samples were identified by 
Dr Vipaporn Sareedenchai from the Department of Pharma-
cognosy, Faculty of Pharmacy, Srinakharinwirot University 
(Nakhonnayok, Thailand). The petals of the samples were 
separated from the flowers, and then cleaned and dried in 
a hot air oven at 50˚C for 6 h. The dried plant material was 
ground using a chopping electronic mill (sieve no. 20). The 
powder of the flower was macerated with 95% ethanol (plant 
to solvent ratio of 1:20 w/v; Sigma-Aldrich; EMD Millipore, 
Billerica, MA, USA) at room temperature for 7 days and 
filtered using Whatman filter paper no. 1. The extraction 
procedure was repeated by adding 95% ethanol into the 
remaining damp flower powder mass, with a maceration 
time of 3 days. The filtrates were collected and evaporated 
under reduced pressure until dry. The yield of the extract was 
43.43% by weight of dry plant powder. The obtained flower 
extract of T. peruviana was dissolved in dimethyl sulfoxide 
(DMSO; Sigma-Aldrich; EMD Millipore) to create a stock 
solution, which was kept at ‑20˚C until use. The final concen-
tration of DMSO in all tested assays was <0.1%. The flower 
extract was tested for its effect on cell viability in a human 
cervical cancer cell line using a cell viability assay, and the 
possible mechanisms of action via the associated apoptotic 
and anti-apoptotic proteins were determined using immu-
noblot analysis.

Antibodies and reagents. Recombinant human TNF-α and 
TRAIL were purchased from Peprotech EC, Ltd. (London, 
UK). Primary antibodies specific to caspase-9, caspase-8, 
caspase-3, PARP, Bid, Mcl-1, Bcl-XL, XIAP and survivin were 
obtained from Cell Signaling Technology, Inc. (Danvers, MA, 
USA). Primary antibodies specific to actin were obtained from 
Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).

Cell culture. Human cervical cancer HeLa cells (ATCC, Rock-
ville, MD, USA) were cultured in Dulbecco's modified Eagle's 
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% heat‑inactivated 
fetal calf serum, 100 U/ml penicillin and 100 µg/ml strepto-
mycin (all Gibco; Thermo Fisher Scientific, Inc.). The culture 
was maintained at 37˚C in a humidified atmosphere of 5% 
CO2.
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Cell viability assay. The viabilities of the HeLa cells with and 
without the treatment of an ethanolic extract of T. peruviana 
flowers were determined using the WST‑1 Cell Counting kit 
(Wako Pure Chemical Industries, Osaka, Japan). The assay 
principle is based on the cleavage of a tetrazolium salt into 
a formazan product by the living cell enzymes, particularly 
mitochondrial dehydrogenase (28,29). Briefly, the HeLa cells 
were seeded into a 96-well plate (6x103 cells/100 µl/well) in 
culture medium and incubated at 37˚C in a humidified atmo-
sphere of 5% CO2 for 24 h. Following incubation, the cells 
were pretreated with various concentrations (3, 10, 30, 100 and 
300 µg/ml) of the ethanolic extract of T. peruviana flowers 
(100 µl; or 0.1% DMSO in culture medium as a control) for 
30 min, and then the aliquots of TNF-α or TRAIL in culture 
medium (5 µl) were added to each well (final concentration of 
20 ng/ml for TNF-α or 200 ng/ml for TRAIL). The cells were 
then further incubated for 24 h. WST-1 solution (10 µl) was 
added to each well 2 h prior to the determination of the absor-
bance at the maximum wavelength of 450 nm by microplate 
reader. The assay was performed in triplicate. The effect of the 
ethanolic extract of T. peruviana flowers on HeLa cell viability 
was calculated from the absorbance of soluble formazan dye 
generated by living cells and the results were expressed as the 
percentage of cell viability compared with the control.

Immunoblotting. Immunoblot analysis was performed as 
previously described (30). HeLa cells were seeded and 
grown overnight in a 6-well plate (1x106/2 ml/well) in 
culture medium. After treatment, the cells were scraped and 
lysed by whole-cell lysis buffer [25 mM HEPES (pH 7.7), 
300 mM NaCl, 1.5 mM MgCl2, 0.2 mM EDTA, 0.1% 
Triton X-100, 20 mM b-glycerophosphate, 1 mM Na3VO4, 
1 mM phenylmethylsulfonyl fluoride, 1 mM dithiothreitol, 
10 µg/ml aprotinin and 10 µg/ml leupeptin). The cell lysates 
were subjected to electrophoresis in 7.5 or 10% SDS‑PAGE, 
and electrophoretically transferred to Immobilon-P nylon 
membranes (Millipore, Bedford, MA, USA). The membranes 
were blocked with BlockAce (Dainippon Pharmaceutical, 
Co., Ltd., Osaka, Japan) for at least 2 h, washed three times 
for 10 min each with PBS/Tween‑20 (0.1% v/v) buffer and 
incubated overnight at 4˚C with primary antibodies against 
caspase-9 (1:1,000 dilution; catalog no. 9504; Cell Signaling 
Technology, Inc.), caspase-8 (0.7:1,000 dilution; catalog 
no. 9746; Cell Signaling Technology, Inc.), caspase-3 (1:1,000 
dilution; catalog no. 9662; Cell Signaling Technology, Inc.), 
PARP (1:1,000 dilution; catalog no. 9542; Cell Signaling 
Technology, Inc.), Bid (1:1,000 dilution; catalog no. 2002; 
Cell Signaling Technology, Inc.), Mcl-1 (1:1,000 dilution; 
catalog no. 4572, Cell Signaling Technology, Inc.), Bcl-XL 
(1:1,000 dilution; catalog no. 2764; Cell Signaling Tech-
nology, Inc.), XIAP (1:1,000 dilution; catalog no. 2045; Cell 
Signaling Technology, Inc.) and survivin (1:1,000 dilution; 
catalog no. 2803; Cell Signaling Technology, Inc.). Actin 
(1:1,000 dilution; catalog no. sc-1615; Santa Cruz Biotech-
nology, Inc.) served as a control. Subsequently, membranes 
were washed three times for 10 min each with PBS/Tween-20 
(0.1% v/v) buffer and then incubated with horseradish 
peroxidase-conjugated goat anti-rabbit secondary antibodies 
(1:2,000 dilution; catalog no. P0448; Dako; Agilent Tech-
nologies, Inc., Santa Clara, CA, USA) at room temperature 

for 1 h. Following incubation, membranes were washed three 
times for 10 min each and the electrophoretic bands were 
visualized using enhanced chemiluminescence reagents (GE 
Healthcare Life Sciences, Chalfont, UK), according to the 
manufacturer's protocol.

Statistical analysis. The results are expressed as the 
mean ± standard deviation. An independent sample t-test was 
used to compare mean values, and a least significant difference 
test was applied using SPSS software version 13.0 (SPSS, Inc., 
Chicago, IL, USA). P<0.01 was used to indicate a statistically 
significant difference.

Results

Ethanolic extract of T. peruviana f lowers enhances 
TNF‑α‑induced apoptosis in human cervical cancer cells. 
Initially, the effect of the ethanolic extract of T. peruviana 
f lowers on TNF-α-induced cell death was examined in 
HeLa cells. Pretreatment with the ethanolic extract of 
T. peruviana flowers at various concentrations (3‑300 µg/ml) 
for 30 min, followed by TNF-α stimulation for 24 h, enhanced 
TNF-α-induced cell death. The viability of the HeLa cells 
treated with 20 ng/ml of TNF-α for 24 h was 99.62% compared 
with the control, which was treated with medium alone. HeLa 
cell viabilities after treatment with the combination of TNF-α 
and the ethanolic extract of T. peruviana flowers at the concen-
trations of 3-300 µg/ml were in the range of 16‑87%. This result 
indicated that the ethanolic extract of T. peruviana flowers 
promoted cell death in the range of 13‑84%. The combination 
treatment of TNF-α and the ethanolic extract of T. peruviana 
flowers at the concentrations of 30, 100 and 300 µg/ml signifi-
cantly enhanced TNF-α-induced cell death, with cell viability 
of 37.17, 16.65, and 19.18%, respectively (Fig. 1). However, the 
ethanolic extract of T. peruviana flowers alone at the concen-
tration of 300 µg/ml showed the highest toxicity to the HeLa 
cells (Fig. 1). The ethanolic extract of T. peruviana flowers 
at the concentration of 100 µg/ml was selected for further 
studies, as it was the minimum concentration that significantly 
increased the percentage of cell death >80% when combined 
with TNF-α, while the extract alone had less toxicity to HeLa 
cells (Fig. 1). In addition, the ethanolic extract of T. peruviana 

Figure 1. Effect of the ethanolic extract of Thevetia peruviana flowers on 
TNF-α-induced cell death. HeLa cells were pretreated with the extract for 
30 min, and further incubated with and without TNF-α (20 ng/ml) for 24 h, 
after which cell viability was determined using the WST-1 Cell Counting kit. 
Data are expressed as the mean ± standard deviation from three independent 
experiments. *P<0.01. TNF-α, tumor-necrosis factor-α.
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flowers at the concentration of 100 µg/ml was able to cause 
massive cell death (Fig. 2A) and cleavage of apoptotic proteins, 
caspase-8 and -3, and PARP in the HeLa cells at 12 h when 
treated with TNF-α (Fig. 2B).

TNF‑α sensitization effect of the ethanolic extract of 
T. peruviana flowers contributes through the activation of 
the caspase cascade. To confirm the activation of apoptosis 

signals by the combination treatment of the ethanolic extract 
of T. peruviana flowers and TNF‑α, western blot analysis of 
the cleavage of PARP, Bid and caspase-8, -9 and -3, which are 
hallmarks of cells undergoing apoptosis, was performed in 
HeLa cells treated with the extract and/or TNF-α. Pretreat-
ment with the ethanolic extract of T. peruviana flowers at the 
concentrations of 100 and 300 µg/ml markedly enhanced 
TNF-α-induced apoptosis, as clearly shown by the increase 
in the cleavage of caspase-8, -3 and -9, Bid and PARP 
(Figs. 2B and 3A). These results indicated that the ethanolic 
extract of T. peruviana flowers sensitized the TNF‑α-induced 
apoptosis of HeLa cells through the death receptor and the 
mitochondria-dependent pathways. In addition, the ethanolic 
extract of T. peruviana flowers exhibited a synergistic effect 
on TNF-α-induced apoptosis in a dose-dependent manner 
(Fig. 2B).

Downregulation of anti‑apoptotic proteins mediates the TNF‑α 
sensitization effect of the ethanolic extract of T. peruviana 
flowers. The effects of the ethanolic extract of T. peruviana 
flowers on the levels of several anti-apoptotic proteins, 
including Mcl-1, Bcl-XL, XIAP and survivin, in HeLa cells 
treated with the extract and/or TNF-α were examined. The 

Figure 5. Effect of the ethanolic extract of Thevetia peruviana flowers 
on TRAIL-induced cell death in HeLa cells. Cells were pretreated with 
the extract for 30 min, and further incubated with and without TRAIL 
(200 ng/ml) for 24 h, after which cell viability was determined using the 
WST-1 Cell Counting kit. Data are expressed as the mean ± standard devia-
tion from three independent experiments. *P<0.01. TNF-α, tumor-necrosis 
factor-α; TRAIL, TNF-related apoptosis-inducing ligand.

Figure 4. Time-dependent decrease in survivin level by the treatment of the 
ethanolic extract of Thevetia peruviana flowers. HeLa cells were pretreated 
with the extract (100 µg/ml) for 30 min, and further incubated with and 
without TNF-α (20 ng/ml) for 3,6 and 12 h. Whole cell lysates were analyzed 
by immunoblotting for the anti-apoptotic protein survivin using actin as a 
loading control. TNF-α, tumor-necrosis factor-α; PARP, poly(ADP-ribose) 
polymerase.

Figure 3. Inhibitory effect of the ethanolic extract of Thevetia peruviana 
flowers on apoptotic and anti‑apoptotic proteins. HeLa cells were pretreated 
with the extract (100 µg/ml) for 30 min, and further incubated in the presence 
or absence of TNF-α (20 ng/ml) for 12 h. (A) Whole cell lysates were analyzed 
by immunoblot for apoptotic proteins, Bid, caspase-9 and-3, and PARP. 
(B) Whole cell lysates were analyzed by immunoblotting for anti-apoptotic 
proteins Mcl-1, Bcl-XL, XIAP and survivin using actin as a loading con-
trol. TNF-α, tumor-necrosis factor-α; PARP, poly(ADP-ribose) polymerase; 
Mcl-1, myeloid cell leukemia sequence-1; Bcl-XL, B-cell lymphoma-extra 
large; XIAP, X-linked inhibitor of apoptosis protein.

Figure 2. Enhancement of TNF-α-induced apoptosis by the ethanolic extract 
of Thevetia peruviana flowers. HeLa cells were pretreated with the extract 
(100 µg/ml) for 30 min, and further incubated in the presence or absence of 
TNF-α (20 ng/ml) for 12 h. (A) Images were captured under a microscope 
at an original magnification of x40. (B) Whole cell lysates were analyzed 
by immunoblot for apoptotic proteins, caspase-8 and -3, and PARP, using 
actin as the loading control. TNF-α, tumor-necrosis factor-α; PARP, 
poly(ADP-ribose) polymerase.

  A

  B

  A   B
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results showed that the ethanolic extract of T. peruviana flowers 
at the concentration of 100 µg/ml alone or in combination with 
TNF-α decreased the expression of the observed anti-apoptotic 
proteins. The expression of the anti-apoptotic proteins Mcl-1, 
Bcl-XL and XIAP was markedly decreased by the combina-
tion treatment of the ethanolic extract of T. peruviana flowers 
and TNF-α, while the expression of the anti-apoptotic protein 
survivin was almost completely silenced at 12 h of treatment 
(Fig. 3B). In addition, the combination treatment of the etha-
nolic extract of T. peruviana flowers and TNF‑α reduced the 
expression of anti-apoptotic protein survivin in the early state 
at 3 and 6 h of incubation (Fig. 4). These results indicated 
that the ethanolic extract of T. peruviana flowers sensitized 
TNF-α-induced apoptosis by regulating the downregulation 
of anti-apoptotic proteins Mcl-1, Bcl-XL, XIAP and survivin, 
and that the sensitization was continuous for 12 h.

Ethanolic extract of T. peruviana f lowers enhances 
TRAIL‑induced apoptosis in human cervical cancer 
cells. Since the ethanolic extract of T. peruviana flowers 
enhanced TNF-α-induced apoptosis in the HeLa cells, the 

death-receptor-mediated apoptosis-inducing effect of the 
extract in a combination treatment with another ligand of 
death receptors, TRAIL, was investigated. Treatment of the 
HeLa cells by up to 200 ng/ml of TRAIL for 24 h was reported 
to have little effect on cell death (<20%) (30,31). Therefore, 
the concentration of TRAIL was fixed at 200 ng/ml for all 
TRAIL studies. Pretreatment with the ethanolic extract of 
T. peruviana flowers (3‑300 µg/ml) for 30 min, followed by 
TRAIL stimulation for 24 h, enhanced TRAIL-induced 
cell death. The significant enhancement was observed when 
10-300 µg/ml of the extract was combined with TRAIL (Fig. 5). 
The combination treatment of TRAIL and 10-300 µg/ml of 
the ethanolic extract of T. peruviana flowers increased the 
percentage of cell death significantly, up to 80%. However, the 
extract was selected at the concentration of 10 µg/ml for further 
study, as it was the minimum concentration that significantly 
increased the percentage of cell death >80% when combined 
with TRAIL (Fig. 5). Typical morphological changes of 
apoptotic cell death were observed by microscopy. Massive 
cell death was observed at 12 h in the HeLa cells treated with 
the combination of 10 µg/ml extract and 200 ng/ml TRAIL 
(Fig. 6A). In addition, the apoptosis-inducing effect of TRAIL 
was enhanced markedly when the HeLa cells were pretreated 
with 10 µg/ml extract, as shown by the increased cleavage of 
Bid, caspase-3 and PARP (Fig. 6B).

Downregulation of anti‑apoptotic protein Bcl‑XL mediates 
the TRAIL sensitization effect of the ethanolic extract of 
T. peruviana flowers. Treatment of the HeLa cells with the 
ethanolic extract of T. peruviana flowers alone or in combi-
nation with TRAIL for 3 h selectively decreased the level of 
anti-apoptotic protein Bcl-XL in a dose-dependent manner 
(Fig. 7). The combination treatment of the ethanolic extract 
of T. peruviana flowers at 10 µg/ml and TRAIL exhibited a 
marked decrease in the anti-apoptotic protein Bcl-XL level, 
similar to that observed with the combination treatment of 
the ethanolic extract of T. peruviana flowers at 100 µg/ml and 

Figure 7. Correlation of the dose-dependent decrease in Bcl-XL level by the 
ethanolic extract of Thevetia peruviana flowers. HeLa cells were pretreated 
with the extract for 30 min, and further incubated with and without TRAIL 
(200 ng/ml) for 3 h. Whole cell lysates were analyzed by immunoblotting 
for the anti-apoptotic proteins Bcl-XL and XIAP, using actin as a loading 
control. PARP, poly(ADP-ribose) polymerase; TRAIL, tumor necrosis 
factor-related apoptosis-inducing ligand; Bcl-XL, B-cell lymphoma-extra 
large; XIAP, X-linked inhibitor of apoptosis protein

Figure 6. Enhancement of TRAIL-induced apoptosis by the ethanolic 
extract of Thevetia peruviana flowers. (A) HeLa cells were pretreated with 
the extract (10 µg/ml) for 30 min, and further incubated with and without 
TRAIL (200 ng/ml) for 3,6 and 12 h. Images were captured at an original 
magnification of x20. (B) Whole cell lysates at 12 h were analyzed by immu-
noblotting for the apoptotic proteins Bid, caspase-3, and PARP, using actin as 
a loading control. TNF-α, tumor-necrosis factor-α; PARP, poly(ADP-ribose) 
polymerase; TRAIL, TNF-related apoptosis-inducing ligand.

  A

  B
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TNF-α, while the level of XIAP was less affected (Fig. 7). 
These results indicated that the ethanolic extract of T. peru‑
viana flowers sensitized death receptor‑induced apoptosis by 
the downregulation of anti-apoptotic protein Bcl-XL.

Discussion

The use of death receptor-mediated cancer cell death alone 
or in combination with chemotherapeutic drugs is consid-
ered as a novel approach for cancer therapy, particularly for 
the treatment of chemotherapeutic drug-resistant cancer. 
TNF-α and TRAIL are ligands of the TNF family, and are 
capable of apoptosis induction through the engagement 
of their death receptors (9-13). It was previously found that 
the combination of chemotherapeutic drugs and TNF-α or 
TRAIL amplified the apoptosis signal and sensitized resis-
tant cancers to apoptosis (32-35). The TRAIL sensitization 
effect of thevefolin cardenolide glycoside isolated from the 
bark extract of T. peruviana was previously reported (27), 
but the underlying mechanism has not been elucidated until 
now. The present study demonstrated the mechanisms behind 
the apoptosis-enhancing effects of the ethanolic extract of 
T. peruviana flowers that overcomes the TNF‑α and TRAIL 
resistance of HeLa cells.

It was demonstrated that the ethanolic extract of 
T. peruviana flowers enhanced the TNF‑α- and TRAIL-induced 
apoptosis of the HeLa cells. It was also demonstrated that the 
activation of the caspase cascade, PARP and Bid cleavage, 
and the downregulation of anti-apoptotic proteins, including 
Mcl-1, XIAP, survivin and Bcl-XL, are the mechanisms for the 
enhancement of the TNF-α- and TRAIL-induced apoptosis by 
the ethanolic extract of T. peruviana flowers. In the extrinsic 
signaling pathway, the caspase cascade causes apoptosis 
signal transduction through death receptor activation after 
death receptor ligand binding (1). TNF-α binds to its receptor, 
TNF-R1, and recruits TRADD and FADD, which activate 
caspase-8. Activated caspase-8 subsequently activates caspase-3, 
resulting in the cleavage of cellular proteins and apoptotic cell 
death (9,10). TRAIL binds to the death receptors, DR4 and DR5, 
leading to the clustering of intracellular death domains and the 
subsequent formation of the death-inducing signaling complex 
(DISC). Trimerization of the death domain leads to the recruit-
ment of an adaptor molecule, FADD, and subsequent activation 
of caspase-8 and caspase-10, which in turn leads to the cleavage 
of caspase-3 and death substrates (9,11,12). Previous studies 
indicated that TNF-α induced cell death through caspase-3 
activation and PARP cleavage (36,37). It has been reported 
that caspase-8 activation was observed in the TRAIL-induced 
apoptosis of HeLa cancer cells (11,31). In the present study, the 
caspase-8 and caspase-3 activation, and PARP cleavage by the 
ethanolic extract of T. peruviana flowers clearly demonstrated 
its apoptotic effects. Moreover, the ethanolic extract of T. peru‑
viana flowers could enhance TNF-α‑ and TRAIL-induced 
apoptotic cell death in the HeLa cells. This phenomenon is 
consistent with a previous study showing that the extract of 
T. peruviana bark exhibited synergistic activity in sensitizing 
TRAIL-resistant cancer cells (27). The present results indicated 
that the enhancement of the TNF-α‑ and TRAIL-induced 
apoptosis of HeLa cells by the ethanolic extract of T. peruviana 
flowers involved the death receptor pathway.

T he  dea t h  r e c ep to r  pa t hway  l i n k s  t o  t he 
mitochondria-dependent pathway by the linker molecule 
Bid (13-15). In previous studies, it was reported that the 
cleavage of Bid by caspase-8 triggered cytochrome c release 
from the mitochondria to the cell cytosol followed by activa-
tion of the caspase cascade with caspase-9 and caspase-3, and 
PARP cleavage (36,38). In the present study, the combination 
treatment of the ethanolic extract of T. peruviana flowers and 
TNF-α or TRAIL strongly promoted Bid cleavage, while the 
treatment also enhanced caspase-9 and caspase-3 cleavage. 
The results indicated that the mitochondria-dependent 
pathway also participated in the enhancing effect of the 
TNF-α‑ and TRAIL-induced apoptosis of the ethanolic extract 
of T. peruviana flowers.

In the apoptosis signaling pathway, anti-apoptotic 
proteins, including Bcl-XL, Mcl-1, XIAP and survivin, are 
survival factors, playing a major role in apoptosis suppres-
sion. Previous reports indicated that apoptosis could be 
enhanced by the downregulation of Bcl-XL, Mcl-1, XIAP and 
survivin (18,39-42). Likewise, previous studies reported that 
the inhibition of Bcl-XL, Mcl-1, XIAP and survivin enhanced 
the sensitization of HeLa cells to death receptor-induced 
apoptosis (30,36). The present results clearly showed that the 
combination treatment of the ethanolic extract of T. peruviana 
flowers and TNF‑α downregulated the expression of Mcl-1, 
Bcl-XL, XIAP and survivin, while the combination treat-
ment with TRAIL downregulated the expression of Bcl-XL. 
Moreover, Bcl‑XL downregulation was sufficient to sensitize 
the HeLa cells to TRAIL-induced apoptosis. It was possible 
that the ethanolic extract of T. peruviana flowers induced 
Bid cleavage and caspase-9 activation in a Bcl-XL-sensitive 
manner, as shown by the increase in the degradation of 
caspase-9 together with the decrease in Bid and Bcl-XL 
expression. In the death receptor pathway, nuclear factor-κB 
(NF-κB), a well-known transcription factor, protects cells 
from apoptosis by the activation of survival factors such 
as anti-apoptotic proteins (43). It has been shown in HeLa 
cells that the inhibition of NF-κB can sensitize the cancer 
cells to TNF-α‑ and TRAIL-induced apoptosis (29,31,37). 
The present results showed that the ethanolic extract of 
T. peruviana flowers had no effect on TNF‑α-induced NF-κB 
activation (data not shown). Therefore, the enhancement of 
the TNF-α- and TRAIL-induced apoptosis in HeLa cells by 
the ethanolic extract of T. peruviana flowers was, at least in 
part, due to the downregulation of Bcl-XL expression.

Although the present results showed that the ethanolic 
extract of T. peruviana flowers sensitized TRAIL‑resistant 
HeLa cells by downregulating Bcl-XL expression when 
combined with TNF-α or TRAIL, it has been shown that 
other anti-apoptotic signaling pathways, including the phos-
phoinositide 3-kinase/Akt and mitogen-activated protein 
kinases pathways, are involved in TRAIL resistance (31). For 
future studies, it is necessary to investigate the mechanisms 
of action of the ethanolic extract of T. peruviana flowers on 
these anti-apoptotic signaling pathways, so that the TNF-α 
and TRAIL sensitization effect of the ethanolic extract of 
T. peruviana flowers can be clearly clarified. In addition, 
the effect of the ethanolic extract of T. peruviana flowers on 
death receptor-induced apoptosis should be studied in other 
TRAIL-resistant human cancer cells, such as the human lung 
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cancer A549 cell line, to confirm its ability as a sensitizer of 
death receptor-induced apoptosis in TRAIL-resistant cancer 
cells.

In conclusion, the ethanolic extract of T. peruviana flowers 
sensitized HeLa cells to TNF-α‑ and TRAIL-induced apop-
tosis via the intrinsic and extrinsic pathways by the activation 
of the caspase cascade, Bid and PARP cleavage. The ethanolic 
extract of T. peruviana flowers enhanced TNF-α-induced 
apoptosis through the downregulation of Mcl-1, Bcl-XL, 
XIAP and survivin, while the ethanolic extract of T. peruviana 
flowers enhanced TRAIL-induced apoptosis through the 
downregulation of Bcl-XL.
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