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Abstract. Casticin, one of the main components from Fructus 
Viticis, has been reported to inhibit the growth of various cancer 
cells, including the human cervical cancer cell line HeLa. The 
purpose of this study was to examine the apoptotic activity and 
molecular mechanism of casticin action on human cervical 
cancer cells. The apoptotic activity of casticin on human cervical 
cancer HeLa, CasKi, SiHa and peripheral blood mononuclear 
cells (PBMCs) was measured using a histone/DNA ELISA 
assay, flow cytometry with propidium iodide (PI) staining and 
DNA agarose gel electrophoresis. The mitochondrial membrane 
potential and reactive oxygen species (ROS) production were 
evaluated by flow cytometry analysis. Caspase activities were 
assayed using a caspase colorimetric activity assay kit. Protein 
expression levels of cytochrome c, Bax, Bcl-2, Bcl-xL and XIAP 
were analyzed by Western blotting. Casticin caused accumula-
tion of the Sub-G1 cells and increased reactive oxygen species 
(ROS) production in HeLa, CasKi, SiHa cell lines, but not in 
PBMCs. Apoptosis of HeLa cells was induced by casticin via 
mitochondrial release of cytochrome c due to the reduction of 
mitochondrial transmembrane potential, activation of caspase-3 
and -9, and the production of reactive oxygen species. The pan 
caspase inhibitor zVAD-FMK, the caspase-9 inhibitor zLEHD-
fmk and N-acetylcysteine suppressed casticin-induced apoptosis. 
Bax was upregulated, while expression levels of Bcl-xL and 
XIAP were downregulated. However, there was no change in the 
expression of Bcl-2 under the same treatment. Our results indicate 
that casticin-induced apoptosis of cervical cancer cells is medi-
ated by ROS generation and mitochondrial signaling pathways.

Introduction

Cervical cancer is one of the most common malignancies in 
the world among women (1,2). About 500,000 new cervical 

cancer cases are diagnosed every year, with a five-year survival 
rate of about only 52% (3,4). Currently, we generally utilize 
radiotherapy and/or chemotherapy as a strategy in the clinical 
treatment of cervical cancer, thereby inducing apoptosis in 
tumor cells (5-8). However, conventional therapeutic drugs 
not only trigger apoptosis but also exert lethality on normal 
cells, resulting in serious toxicity (5-8). Therefore, clinically 
speaking, it is important for us to develop effective, new treat-
ments for human cervical cancer that can induce apoptosis 
with higher selectivity and lower toxicity.

Casticin is one of the main components from Fructus 
Viticis (Manjingzi is the Chinese name), which is a traditional 
Chinese medicine prepared from the fruit of Vitex trifolia L. 
(family Verbenaceae) that is also used as a folk medicine, 
is known to be an anti-inflammatory agent, and is used to 
treat certain cancers in China (9). The chemical structure of 
casticin is shown in Fig. 1. It has been shown that the C-3' and 
C-5 hydroxyl as well as the C-3 and C-4' methoxyl groups are 
required for the significant antiproliferative activity of flavone 
and that casticin (5,3'-dihydroxy-3,6,7,4'-tetramethoxyl- 
flavone, also called vitexicarpin) also contains these groups 
(10). Casticin has been reported to inhibit the proliferation and 
growth of a variety of cancer cells, including human cervical 
cancer cells (HeLa) (10-14). Therefore, it is worth investigating 
whether casticin can induce apoptosis in HeLa cells and the 
molecular mechanisms by which casticin causes apoptosis.

Work from our laboratory and others previously demon-
strated that similar flavones, such as apigenin (15), chrysin 
(16), luteolin (17) and quercetin (18), cause a higher level of 
reactive oxygen species (ROS) in cancer cells than in normal 
cells, resulting in cytotoxicity. In the present study, we exam-
ined the effects of casticin on the apoptosis of human cervical 
cancer cell lines. We show for the first time that casticin causes 
mitochondrial membrane potential collapse, cytochrome c 
release, caspase-3 and -9 activation and apoptotic cell death 
triggered by ROS generation in human cervical cancer cells.

Materials and methods

Drugs and chemical reagents. Casticin was purchased from 
Chengdu Biopurify Phytochemicals Ltd. (Chengdu, China). 
Casticin has a molecular weight of 374.3 ku, appears as yellow 
crystals and has a purity of 98.0%. Casticin was prepared in 
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dimethyl-sulfoxide (DMSO) at a concentration of 10 mmol/l, 
and aliquots were stored at -80˚C. Stock solutions were diluted 
to the desired final concentrations with growth medium just 
prior to use. The following were purchased from Hunan 
Clonetimes Biotech Co., Ltd. (Changsha, China): Dulbecco's 
modified Eagle's medium (DMEM; Invitrogen), RPMI-1640 
medium (Invitrogen), fetal bovine serum (Invitrogen), Cell 
Apoptosis ELISA detection kit (Roche), Caspase-3 Activity 
detection kit (Millipore, Bedford, MA), Caspase-9 colo-
rimetric Activity assay kit (Millipore), propidium iodide 
(PI; Sigma), ethidium bromide (EB; Sigma), Apoptotic 
DNA Ladder detection kit (Bodataike Company, Beijing), 
2',7'-dichlorofluorescein diacetate (DCFH-DA; Molecular 
Probes Inc, Eugene, OR), CBZ-Val-Ala-Asp-fluoromethyl 
ketone (zVAD-fmk: Livermore), CBZ-Leu-Glu(OMe)-His-
Asp(OMe)-fluoromethyl ketone (zLEHD-fmk: Livermore), 
mouse anti-human Bcl-2, Bax, XIAP, Bcl-XL, cytochrome c 
and β-actin antibodies (Santa Cruz Biotechnology), and horse-
radish peroxidase-conjugated anti-mouse secondary antibody 
(Cell Signaling Technology).

Cell lines and cell culture. Human cervical cancer cell 
lines (HeLa, CasKi and SiHa) were purchased from the 
China Centre for Type Culture Collection (CCTCC; Wuhan, 
China), were maintained in DMEM supplemented with 10% 
fetal bovine serum, 4 mM glutamine, 100 U/ml penicillin 
and 100 µg/ml streptomycin, and were incubated at 37˚C 
in a humidified atmosphere of 5% CO2. Normal human 
peripheral blood mononuclear cells (PBMCs) were isolated 
by Ficoll-Paque (Amersham Biosciences, Uppsala, Sweden) 
density-gradient centrifugation and were cultured in RPMI-
1640 medium supplemented with 20% FBS. PBMCs were 
acquired from a healthy volunteer after obtaining informed 
consent.

Histone/DNA ELISA for detecting apoptosis. The cell apop-
tosis ELISA detection kit (Roche) was used to detect apoptosis 
in cells treated with casticin according to the manufacturer's 
protocol. Briefly, cells were seeded in a 96-well plate at a density 
of 1x104 cells/well for 24 h, and testing agents were then added 
to culture medium containing 10% fetal bovine serum. After 
24 h, we transferred the cytoplasm of the control and treatment 
groups to the 96-well plate pre-coated with streptavidin and 
previously incubated with the biotinylated histone antibody 
and the peroxidase-tagged mouse anti-human DNA for 2 h at 
room temperature. Absorbance was measured at 405 nm using 
the EXL-800-type enzyme-linked immunosorbent apparatus 
(Bio-Tek, Shanghai).

Flow cytometry Analysis using PI staining. Cells were seeded 
at a density of 4x106 cells/well in 100 ml culture flasks for 
24 h followed by treatment with medium containing various 
concentrations of casticin with 10% fetal bovine serum for 
24 h or 4.0 µM casticin for the indicated time. Propidium 
iodide staining to analyze DNA content was performed as 
previously described (16).

DNA agarose gel electrophoresis. Cells were seeded at a 
density of 4x106 cells/well in 250 ml culture flasks for 24 h and 
treated with medium containing various concentrations of the 

test/control agents or vehicle with 10% fetal bovine serum for 
24 h. This assay was performed as previously described (16).

Determination of reactive oxygen species. Intracellular ROS 
accumulation was measured by FCM using the fluorescent 
probe DCHF-DA as previously described (16). Cells (2x106) 
were collected after treatment with various concentrations of 
test agents and washed with serum-free medium and incubated 
with 1 ml DCHF-DA for 30 min at 37˚C in the dark. After 
incubation, the cells were washed with serum-free medium 
three times and analyzed within 30 min by FCM (American 
BD Company, FACS420) at an excitation wavelength of 
488 nm and an emission wavelength of 525 nm.

Measurement of mitochondrial transmembrane potential. 
Mitochondrial membrane potential was measured by flow 
cytometry using the cationic lipophilic green fluorochrome 
rhodamine-123 (Rh123) (Molecular Probes). Disruption 
of ΔΨm is associated with a lack of Rh123 retention and a 
decrease in fluorescence. Briefly, the cells were washed 
twice with PBS and incubated with 1 µg/ml Rh123 at 37˚C 
for 30 min. Then, the cells were washed twice with PBS, and 
Rh123 intensity was determined by flow cytometry. Cells with 
reduced fluorescence (less Rh123) were counted as having lost 
some of their mitochondrial membrane potential.

Analysis of caspase-3 and -9 activities. Analysis of caspase-3, 
and -9 activities was performed using the Caspase apoptosis 
detection kit according to the manufacturer's instructions. In 
brief, cell lysates were prepared after the respective treatment 
with tested agents. Assays were performed in 96-well plates 
by incubating 20 µg cell lysates in 100 µl reaction buffer (1% 
NP-40, 20 mM Tris-HCl (pH 7.5), 137 mM NaCl, 10% glycerol) 
containing 5 µM of the caspase-3 substrate, Ac-DEVD-pNA, 
or the caspase-9 substrate, Ac-LEHD-pNA. Lysates were then 
incubated at 37˚C for 2 h. Next, absorbance was measured at 
405 nm with an enzyme-labeling instrument (ELX-800 type, 
Bio-Tek). In the caspase inhibitors assay, cells were pretreated 
with a caspase inhibitor (20 µM of zVAD-fmk, zDEVD-fmk, 
zIETD-fmk or zLEHD-fmk) for 1 h prior to the addition of 
test agents.

Cellular fractionation. To assay the release of cytochrome c, 
cells were fractionated into cytosolic and mitochondrial 
fractions as described by Ling et al (19). Briefly, cells were 
incubated in a buffer containing 20 mM HEPES-KOH, 

Figure 1. The chemical constitution of casticin.
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pH 7.2, 10 mM KCl, 1.5 mM MgCl2, 1 mM EDTA, 0.1 mM 
phenylmethylsulfonyl fluoride, 10 µg/ml leupeptin, and 
10 µg/ml aprotinin at 4˚C for 10 min and homogenized with 
a Dounce homogenizer for 20 strokes. After the addition of 
buffer containing 210 mM mannitol, 70 mM sucrose, 5 mM 
EGTA, and 5 mM Tris-HCl, pH 7.5, the homogenates were 
centrifuged at 1,000 x g for 10 min at 4˚C. Supernatants were 
further centrifuged at 15,000 x g for 30 min at 4˚C and the 
cytosolic fraction was collected.

Western blot analysis. Total cell extracts were obtained as 
previously described (16). Cell lysates containing 50 µg of 
protein were separated on a 7.5% to 15% SDS-polyacrylamide 
gel for electrophoresis and then blotted onto polyvinylidene 
difluoride (PVDF) membranes (Millipore). Anti-Bcl-2, 
anti-Bax, anti-XIAP, anti-Bcl-XL, anti-cytochrome c and 
anti-β-actin (1:1000 dilutions for each) were used as primary 
antibodies. Signals were detected using an ECL kit (Amersham 
Pharmacia Biotech, Piscataway, NJ). Images were scanned and 
densitometry analysis was performed using Alphazmager 2200 
software (Silk Scientific).The ratios of the signal from specific 
antibodies to β-actin signals were determined to measure the 
expression levels of each protein.

Statistical analysis. A database was set up using the SPSS 
15.0 software package (SPSS Inc, Chicago, IL) for statistical 

analysis. Data are presented as the mean ± SD. The means of 
multiple groups were compared with one-way ANOVA, after 
the equal check of variance, and the two-two comparisons 
among the means were performed using the LSD method. 
Statistical comparison was also performed using the two-
tailed t-test when appropriate. P<0.05 was considered to be 
statistically significant.

Results

Effects of casticin on apoptosis in HeLa cells. Casticin 
significantly inhibits the proliferation of HeLa cells with an 
IC50 of 1.286 µM (10). To elucidate whether casticin inhibits 
cell proliferation through the induction of apoptosis in HeLa 
cells, we first examined the effects of casticin on apoptosis in 
HeLa cells using various approaches. After 24 h of exposure, 
casticin significantly induced histone/DNA fragmentation in 
a concentration-dependent manner (Fig. 2A). Fig. 2B and C 
show that casticin treatment resulted in a dose- and time-
dependent increase of the Sub-G1 population in HeLa cells 
(P<0.05). After treatment with casticin at concentrations of 
2.0 and 4.0 µM, respectively, 26.9±4.3% and 38.5±5.6% of 
HeLa cells underwent apoptosis with typical DNA ladder 
(Fig. 2B and D). Taken together, these results demonstrate that 
casticin effectively induces the apoptotic cell death of HeLa 
cells.

Figure 2. Casticin induces DNA fragmentation (A), sub-G1 population accumulation (B and C) and a DNA ladder (D) in HeLa cells. HeLa cells were treated 
with casticin at the indicated concentration for 24 h or 4.0 µM for the indicated time. The data are shown as the mean ± SD, n=3, *P<0.05 vs. treatment with 
DMSO; #P<0.05 vs. treatment with 10 µM casticin alone.
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Effects of casticin on mitochondrial signaling pathways for 
apoptosis of HeLa cells. Disruption of mitochondrial integrity 
is one of the early events leading to apoptosis. Therefore, we 
next examined the effects of casticin on several important 
events in the mitochondrial apoptotic pathway. The results 
in Fig. 3 indicate the following: i) the treatment with casticin 
clearly elicited mitochondrial transmembrane potential 
(ΔΨm) dissipation, as indicated by the decrease in rhodamine 

123-derived fluorescence in flow cytometry assays (Fig. 3A) 
and ii) casticin triggered a rapid release of cytochrome c 
from the mitochondria to the cytoplasm, as determined by 
immunoblot staining using cytosolic extracts. The release of 
cytochrome c occurred as early as 3 h after treatment and, 
therefore, preceded the increase of sub-G1 populations, which 
occurred after a 12-h treatment in HeLa cells (Figs. 2C and 
3C), and iii) the treatment with casticin did not affect total 

Figure 3. Effects of casticin on mitochondrial membrane potential (A), cytochrome c release (B and C) and Bax/Bcl-2/Bcl-XL/XIAP protein expression (B) in 
HeLa cells. HeLa cells were treated with casticin at the indicated concentrations for 24 h or 4.0 µM for the indicated time. The data are shown as the mean ± SD, 
n=3, *P<0.05 vs. treatment with DMSO or 0 h; #P<0.05 vs. treatment with 10 µM casticin alone.

Figure 4. Casticin induces the generation of reactive oxygen species in a concentration-dependent manner (A) and time-dependent manner (B) in HeLa cells. 
HeLa cells were treated with casticin at the indicated concentration for 6 h or 4.0 µM for the indicated time. The data are shown as the mean ± SD, n=3, *P<0.05 
vs. treatment with DMSO or 0 h; #P<0.05 vs. treatment with 4.0 µM casticin alone or 6 h.
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Bcl-2 expression but caused decreases in Bcl-XL and XIAP 
expression levels and an increase in Bax expression (Fig. 3B). 
These data demonstrate that casticin-induced apoptosis is 
involved in the mitochondrial death pathway.

Effects of casticin on ROS generation in HeLa cells. 
Changes in MTP are considered to involve ROS production 
(20). Thus, we examined whether casticin promoted ROS 
generation in HeLa cells. As expected, after the treatment 
of HeLa cells with 0.5, 1.0, 2.0, 4.0 µM casticin for 6 h, the 
level of ROS increased in a dose-dependent manner and was 
abrogated by pre-treatment with 10 mM of the thiol-containing 
antioxidant NAC (Fig. 4A). Time course experiments revealed 
that the levels of ROS increased initially at 1 h, reached a peak 
at 6 h and persisted for up to 24 h after treatment with 4.0 µM 
casticin (Fig. 4B).

To determine a link between the elevation of intracellular 
ROS levels and apoptotic cell death in casticin-treated cells, 
HeLa cells were pre-incubated with the antioxidant NAC before 
treatment with casticin. The Sub-G1 population and histone/
DNA fragmentation were both reduced with the combination 
of casticin and NAC (Fig. 2A and B). These findings provide 
the evidence that apoptosis induced by casticin in HeLa cells is 
dependent upon the generation of ROS.

Effects of casticin on caspase activities in HeLa cells. To 
determine the effectors active in casticin-induced apoptotic 
pathways, we next examined whether caspase-3 and -9 were 
actually activated during casticin-induced cell death of HeLa 
cells. Fig. 5A shows that treatment of HeLa cells with casticin 
for 24 h increased the levels of active caspase-3 and -9 (P<0.05) 
in a concentration-dependent manner.

We further examined the role of caspase activation during 
casticin-induced apoptosis by flow cytometry using the pan-
caspase inhibitor zVAD-fmk and the caspase-9 inhibitor 
zLEHD-fmk. Fig. 5B shows that zVAD-fmk completely 
abrogated and zLEHD-fmk attenuated casticin-induced 
accumulation of Sub-G1 population. These data indicate that 
casticin-induced apoptosis is essentially dependent on the 
activation of caspase-3 and -9 in HeLa cells.

Effects of casticin on apoptosis and ROS generation in other 
human cervical cancer cell lines and in normal human PBMCs. 
We next investigated whether casticin induces apoptosis and 
ROS generation in other cervical cancer cells using human 
cervical cancer cell lines, including CasKi and SiHa. Casticin 
induced the accumulation of sub-G1 population in a dose-
dependent manner in both cell lines (Fig. 6A). Similar results 
were obtained when ROS generation was monitored by FCM 
using a DCFH-DA probe (Fig. 6B). Together, these findings 
suggest that the induction of apoptosis and ROS generation by 
casticin is not specific to HeLa cell line.

Since we found that casticin induced apoptosis and ROS 
generation in HeLa, CasKi and SiHa cells, we next examined 
the effect of casticin treatment on normal human cells. The side 
effects of chemotherapeutic agents on hematopoietic cells are 
a major problem during clinical treatment. Therefore, we used 
normal human PBMCs as a model cell line. The level of intra-
cellular ROS was not significantly different in normal human 
PBMCs after treatment with casticin (Fig. 6C). Furthermore, 
casticin did not induce the accumulation of sub-G1 population 
in normal human PBMCs (Fig. 6D).

Discussion

Casticin, a polymethoxyflavone from Fructus Viticis that is 
widely used as an anti-inflammatory agent in Chinese tradi-
tional medicine (9), was reported to inhibit the proliferation of 
a various cancer cell lines (10-14). Csupor-Loffler et al demon-
strated that casticin significantly inhibited the proliferation of 
human cervical cancer HeLa cell lines (10). Our present study 
demonstrated for the first time that casticin: i) dose-depend-
ently induced apoptosis in human cervical cancer cell lines 
(HeLa, CasKi and SiHa), ii) led to a concentration-dependent 
generation of ROS, iii) induced apoptosis of HeLa cells 
through the generation of ROS, iv) triggered the activation of 
mitochondrial signaling in a ROS-dependent manner in HeLa 
cells and v) did not induce apoptosis or ROS production in 
PBMCs. Therefore, our results warrant additional studies on 
the therapeutic activity of casticin in vivo. It should be pointed 

Figure 5. Casticin activates caspase-3 and -9 (A) and induces sub-G1 population accumulation (B) in HeLa cells. HeLa cells were treated with casticin at the 
indicated concentration for 24 h. The data are shown as the mean ± SD, n=3, *P<0.05 vs. treatment with DMSO or 0 h; #P<0.05 vs. treatment with 4.0 µM 
casticin alone or 6 h.

RETRACTED



CHEN et al:  CASTICIN INDUCES APOPTOSIS BY ROS AND MITOCHONDRIAL SIGNALING PATHWAYS1292

out that casticin inhibited cell growth or induced apoptotic cell 
death not only in cervical cancer cells but also in other types of 
cancer cells, including human prostate, colon, oral epidermoid 
carcinoma, breast cancer, and leukemia cells (10-14,21-23).

The cancer suppressor p53 is an important factor that 
affects a cell’s response to drugs, specifically the effects on 
growth inhibition and apoptosis induction (24). The majority 
of evidence supports the notion that cells with wild-type p53 
exhibit increased sensitivity to radiation or chemotherapeutic 
agents, whereas cells lacking wild-type p53 expression still 
undergo apoptosis but need a relatively high dose of radiation 
or chemotherapeutic drugs (24). Haïdara et al demonstrated 
that casticin induced apoptotic cell death in p53 mutant or 
null breast cancer cell lines (21). In the present study, we 
found that casticin induced apoptosis in p53 mutated human 
cervical cancer HeLa cells (10). Therefore, we conclude that 
casticin-induced apoptosis in human cervical cancer cells is 
p53-independent.

Apoptosis can be initiated via two alternative signaling 
pathways: the death receptor-mediated extrinsic apoptotic 
pathway and the mitochondrial-mediated intrinsic apoptotic 
pathway (25,26). Mitochondria play critical roles in the regu-
lation of various apoptotic processes, including drug-induced 
apoptosis (27). The mitochondrial death pathway is controlled 
by members of the Bcl-2 family, which play a central regu-
latory role to decide the fate of the cells via the interaction 
between pro- and anti-apoptotic members (28,29). Bax, a pro-
apoptotic protein in the Bcl-2 family, was upregulated, thereby 
indicating the involvement of the mitochondria because 

Bax forms channels at the outer mitochondrial membrane 
to facilitate the release of cytochrome c (30,31). Activation 
of mitochondrial permeability transition is required for the 
complete release of cytochrome c (32,33). Our results show that 
casticin did not alter the expression levels of Bcl-2 but instead 
downregulated Bcl-XL and upregulated Bax expression levels. 
Whether the increase in the ratio of Bax/Bcl-XL plays a role 
in casticin-induced apoptosis of cervical cancer cells remains 
to be elucidated. It has been reported that the release of cyto-
chrome c from the mitochondria to the cytosol is required for 
apoptosome assembly and subsequent activation of caspase-
9/-3, along with the downregulation of XIAP, which relieves 
caspases from its inhibitory action (34). Moreover, IAPs are 
degraded by the ubiquitin-proteasome system (35), and earlier 
studies reported an increase in ubiquitin-conjugated proteins 
in flavonoid-treated cells (36). Therefore, the downregulation 
of XIAP likely reflects an increase in protein degradation. Our 
findings demonstrate that casticin-induced apoptosis of human 
cervical cancer cells utilizes the mitochondrial death pathway.

ROS, active, transitory and oxygenic compounds, 
including H2O2, O2, and hydroxyl radicals, are metabolites 
of biochemical processes in the body. There is an integrated 
system to clear ROS in the body to keep balance. Oxidation of 
cell membrane phospholipids, enzymes and DNA (37,38) by 
high levels of ROS can alter the function of signal transduction 
pathways, platelet aggregation, immune control, and the regu-
lation of cell growth, and can also cause necrosis or apoptosis 
(39,40). Since the generation of ROS is the result of disordered 
mitochondria function and metabolite augmentation, there 

Figure 6. Effects of casticin on the generation of reactive oxygen species and sub-G1 population accumulation in CasKi and SiHa cell lines (A and B) and 
human peripheral blood mononuclear cells (PBMCs; C and D). Cells were treated with casticin at the indicated concentration for 24 h (to detect the sub-G1 
population) or 6 h (to detect reactive oxygen species). *P<0.05 vs. treatment with DMSO.
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may be ways to regulate ROS selectively in cancer cells (41). 
We made use of FCM using a DCFH-DA probe to measure 
ROS after casticin treatment in human cervical cancer cells, 
and we found that casticin generates ROS in human cervical 
cancer cells. Furthermore, NAC suppressed the apoptosis of 
HeLa cells by casticin, suggesting that the apoptotic effect was 
dependent on ROS generation.

Caspases play important roles in apoptosis triggered by 
various proapoptotic signals (42,43). In general, the activation 
of the caspase cascade requires both initiator caspases, such 
as caspase-8, and -9, and effector caspases, such as caspase-3. 
The effector caspases cleave several vital substrates, leading 
to apoptosis (42,43). It has been recently well documented that 
the dissipation of ∆Ψm, along with cytochrome c release from 
the mitochondria and the subsequent activation of caspase-9 
through binding to the protein Apaf-1 mediates apoptosis trig-
gered by signals such as chemotherapeutic agents (42-44). In 
this study, casticin triggered ∆Ψm dissipation, rapid release of 
cytochrome c from the mitochondria to the cytosol, activated 
caspase-9 and -3, followed by DNA fragmentation. Moreover, 
the pan-caspase inhibitor zVAD-FMK blocked and the 
caspase-9 inhibitor zLEHD-fmk suppressed casticin-induced 
apoptosis. Therefore, we conclude that casticin induces 
mitochondrial dysfunction and a cytochrome  c-mediated, 
caspase-dependent apoptosis in human cervical cancer cells.

Kobayakawa et al reported that casticin markedly inhibited 
the growth of KB cells but did not inhibit the proliferation of 
A431 cells, which is similar to the normal cell lines 3T3 Swiss 
Albino and TIG-103 (22). In the present study, we showed 
that casticin specifically induced apoptosis in human cervical 
cancer cells but not in PBMCs, although the mechanism of 
selective induction of apoptosis has not been determined. Our 
findings suggest that casticin may be a specific anti-tumor 
agent with low toxicity.

The present study, for the first time, demonstrated that 
casticin induced a dose-dependent apoptosis in p53 mutated 
human cervical HeLa cells. Our data also highlighted the 
molecular mechanism of action through both ROS genera-
tion and activation of the mitochondrial apoptotic pathway, 
ultimately resulting in apoptosis. Our findings raise the possi-
bility that casticin is a promising candidate for human cervical 
cancer therapy.
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