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1. Introduction

Since ancient times, Rhizoma Paridis, a stem of Paris 
polyphylla Smith var. chinensis (Franch.) Hare or Paris 

polyphylla Smith var. yunnanensis (Franch.) Hand.-Mazz., 
has been an essential ingredient of traditional Chinese 
medicine. Rhizoma Paridis can be found in herbal 
medicines used to treat diseases and conditions including 
microbial infection, hemorrhage, menometrorrhagia, 
and venomous poison (1-4). The main constituents of 
Rhizoma Paridis are the steroidal saponins, a family of 
glycosides with a chemical structure that contains either 
a steroid or a triterpenoid attached via C3 and an ether 
bond to a sugar side chain (5-10). Because of the crucial 
roles of Rhizoma Paridis in traditional herbal medicines, 
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the pharmacologically active components of Rhizoma 
Paridis, i.e., saponins, have been isolated. Phytochemical 
and pharmacological studies have further unlocked a 
novel therapeutic role as an anticancer agent for these 
steroid saponins (6,11-17). Interestingly, like several other 
traditional herbal products that have gradually been used 
in conjunction with modern medicine in cancer treatment 
(18), evidence-based research into the mechanism 
underlying the cytotoxic effects of Paris saponin (PS) 
remains undefined.
 Thirty saponins of the diosgenyl saponin (R1 = 
H), pennogenyl saponin (R1 = OH) and the prototype 
saponin sub-group have hitherto been identified from 
the stem of Rhizoma Paridis (19,20). Preliminary 
screening studies of the isolated saponins from the 
crude extract of Rhizoma Paridis suggested that 
steroidal saponins, including Paris Saponin I (PSI) and 
II (PSII), also known as polyphyllin D and formosanin 
C, respectively, exhibit comparable inhibitory effects 
against tumor cell growth. While PSI has been 
extensively studied for its ability to inhibit tumor 
growth (5,11,14,21,22), PSII has only recently emerged 
as another potential antitumor agent (22,23). Hence, as 
part of a concerted effort to characterize and develop 
active constituents of traditional herbal medicines in 
modern cancer treatment, in this study, we examine 
the mechanism underlying the cytotoxic effects of 
PSII and its putative antitumor properties. The effects 
of PSII on cell viability were examined on ten human 
cell lines and primary cell types. The mode of action 
of PSII-induced cell death was further studied using 
the SKOV3 cell growth model. We also assessed the 
efficacy of PSII in an ovarian cancer tumor-bearing 
mouse model. The results from our current experiments 
not only establish the relationship between structurally 
similar steroid saponins and antitumor cell proliferation 
activity but also provide a promising lead for the use of 
natural products in ovarian cancer treatment.

2. Materials and Methods

2.1. Materials 

PSI and PSII were obtained from the Department 
of Pharmacology at Sichuan University (Chengdu, 
Sichuan, China). PSII was purified as previously 
described (19). Briefly, PSII was isolated from 
Rhizoma Paridis using a silica gel, macroporous 
adsorption resin, Sephadex LH-20, and RP-C18 column 
chromatography. The structure of PSII was determined 
by electrospray ionization mass spectrometry and 1H 
and 13C nuclear magnetic resonance spectral analysis 
(24). Etoposide (VP16) and β-actin antibody were 
purchased from Sigma Chemical Co. (St. Louis, 
MO, USA). Primary antibodies Bcl-2, Bax, ERK1/2, 
phospho-ERK1/2 (Thr202/Tyr204), cytochrome c, 
caspase-3, and caspase-9 were obtained from Santa 

Cruz Biotechnology Inc. (Santa Cruz, CA, USA). 

2.2. Cell lines and cell culture

SKOV3, a human ovarian cancer cell line; Caski, a 
cervical epitheloid carcinoma cell line; A549, a human 
lung adenocarcinoma cell line; HepG2, a hepatocellular 
carcinoma cell line; SiHa, cervical carcinoma cell 
lines; and HEC-1A, an endometrial carcinoma cell 
line; all were purchased from the American Type 
Culture Collection (Rockville, MD, USA). An ovarian 
surface epithelial cell (OSE) line, human vascular 
smooth muscle cells, human bronchial cells, and human 
meningeal cells were obtained from Sichuan University, 
China. Cells were cultured using RPMI-1640 medium 
(Gibco BRL, Life Technologies Gaithersburg, MD, 
USA) supplemented with 10% fetal bovine serum (FBS) 
(HyClone, Logan, USA) at 37oC in 5% CO2.

2.3. PSII treatment and determination of cell survivability 

Cells were seeded at a density of 5 × 103 per well 
in 96-well tissue culture plates for 12 h prior to 
treatment. Carrier DMSO (< 0.1%) was used as a 
negative control. Viability was examined using the 
3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium 
bromide (MTT; Sigma, USA) assay (5). Dose- and 
time-dependent curves of PSII-treated cells were 
generated. The cytotoxic effects of tested agents were 
expressed as the 50% inhibiting concentration (IC50) 
or total growth inhibiting concentration (TGI). SPSS 
software version 13.0 (SPSS Inc., China) was used to 
calculate IC50 and TGI.

2.4. Transmission electron microscopy (TEM) 

SKOV3 cells were treated with 10 μM PSII for 24 h. 
Harvested cells were then fixed in 5% glutaraldehyde 
and 3% paraformaldehyde, dehydrated in an ascending 
acetone series, embedded in PolyBed 812 resin, sectioned 
into ultra-thin longitudinal sections, and imaged using 
a transmission electron microscope (JEOL 1010, Jeol, 
Tokyo, Japan) as previously described (25).

2.5. Flow cytometry analysis

SKOV3 cells were treated with PSII at various 
concentrations (1 μM, 5 μM, 10 μM, and 20 μM) 
or with 10 μM PSII and were harvested at different 
time points (0, 24 h, and 48 h). Cells were labeled 
with propidium iodide (PI, 50 μg/mL, Sigma, USA) 
for 30 min at room temperature in the dark and the 
DNA content was determined by flow cytometry 
after filtration with a 300 dialyzer (FACSort, Becton 
Dickinson, San Jose, CA). Cell apoptotic incidence 
and distribution of the cell cycle were analyzed using 
CellQuest software (Becton Dickinson, CA, USA) 
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2.9. The effect of PSII in a xenograft model of ovarian 
cancer

The model has been described previously (5). Briefly,  
5 × 106 SKOV3 cells were injected subcutaneously 
into 4- to 6-week-old female BALB/c athymic nude 
mice (Chengdu Experimental Animal Center, Chengdu, 
China) and the mice were randomly divided into 6 
groups (n = 5). PSII and PSI dosages (15 mg/kg and 
25 mg/kg) and schedules were established according 
to preliminary toxicologic and pharmacokinetic studies 
and from a previous study, respectively (5). One week 
after implantation, treatment groups received their first 
doses of either PSI or PSII dissolved in a vehicle solution 
of DMSO (< 0.1%) and diluted in saline solution. 
Administrations were carried out on 4 consecutive days 
per week for 4 weeks (between day 8 and 35). Control 
groups received the vehicle (DMSO, < 0.1%) in saline 
solution. General clinical observations of the mice and 
determination of body weight and tumor growth were 
made twice weekly. Two perpendicular diameters of 
the xenograft in centimeters were measured to estimate 
the tumor mass using the formula (a × b2)/2. At the 
termination of the study, all mice were euthanized using 
carbon dioxide asphyxiation. All experiments were 
conducted based on the guidelines of The Institute for 
Nutritional Sciences (Shanghai, China).

2.10. Statistical analysis and reproducibility 

The results were given as standard error of the mean. 
SPSS software version 13.0 (SPSS Inc., China) 
was used to calculate IC50. Statistical analysis was 
performed using the Student's t test. p < 0.05 was 
considered significant.

3. Results

3.1. Treatment with PSII inhibits the growth of human 
tumor cell lines 

Figure 1A shows the chemical structural similarity 
between PSI and PSII. Cell survival curves of the six 
cancer cell lines (A549, CASki, SiHA, HepG2, HEC-
1A, and SKOV3) after exposure to PSII (10 μM) for 4 
days show < 50% cell survival compared to nontreated 
groups. Specifically, the IC50s for PSII in tumor derived 
cell lines Caski, SiHa, HEC-1A, SKOV3, A549, and 
HepG2 were 5.7 μM, 3.7 μM, 2.1 μM, 2.4 μM, 4.0 
μM, and 2.2 μM, respectively. We also assessed the 
possibility of PSII to sensitize primary human cells from 
different origins and benign neoplastic derived cells. 
As shown in Figure 1B, the growth inhibitory property 
of PSII is selectively against tumor derived cells. 
PSII treatment did not suspend the growth of several 
different normal cell types including human bronchial 
epithelial cells, human vascular smooth muscle cells, 

and ModFit software (Verity Software House, USA). 
Experiments were conducted in triplicate. 

2.6. Terminal deoxynucleotidyl transferase-mediated 
dUTP nick end labeling (TUNEL) assay

Cells were allowed to grow on cover slides pretreated 
with poly-(L)-lysine for 12 h prior to PSII treatment. 
The cell layers were fixed with 4% paraformaldehyde 
solution for 15 min at room temperature, washed with 
phosphate buffered saline (PBS), and then permeated 
with permeabilization solution (Triton X-100, 0.1% and 
sodium citrate) at 4°C for 2 min. SKOV3 cell samples 
were labeled with the TUNEL reaction mixture for 1 h 
at 37°C according to the manufacturer's protocol (Roche 
Applied Science, USA). Apoptosis was determined 
as the percentage of TUNEL positive cells per 1,000 
DAPI-stained nuclei. Images were recorded using 
fluorescence microscopy (Confocal Scanning Laser 
Microscopy, Leica TCS4D, Germany) (26). 

2.7. Western blotting analysis 

SKOV3 cells were treated with PSII for 24 h. Harvested 
cells were collected to determine the apoptotic index 
and subsequently subjected to Western blot Analysis. 
Briefly, whole cell lysates were obtained using RIPA 
Buffer (Sigma, USA) and the protein concentrations 
were determined using the Bradford assay. Twenty 
five micrograms of total proteins was resolved in 
12% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE). Proteins of interest were 
detected by Western blot using primary antibodies 
(anti-Bcl-2 (1:1,000), anti-Bax (1:3,000), anti-ERK1/2 

(1:2,000), anti-phospho-ERK1/2 (Thr202/Tyr204) 
(1:2,000), anti-cytochrome c (1:2,000), anti-pro-
caspase-9 (1:1,000), anti-caspase-9 (1:1,000), anti-
pro-caspase-3 (1:2,000) and anti-caspase-3 (1:2,000)) 
and HRP-conjugated secondary antibodies. Blots were 
developed with enhanced chemiluminescence (ECL, 
Pierce, USA) and exposed to X-ray film.

2.8. Immunochemical analysis

PSII-treated cells were fixed with 3-aminopropyl-
triethoxysilane at 60ºC for 60 min. The paraffin sections 
were treated with 0.3% hydrogen peroxide at room 
temperature to block endogenous peroxidase activities 
and incubated with 5% bovine serum albumin to prevent 
nonspecific binding. Treated sections were exposed 
to antibodies anti-Bcl-2 (1:100), anti-Bax (1:50), anti-
caspase-3 (1:100), and anti-caspase-9 (1:100). After being 
processed, images of the stained slides were digitized to 
obtain grey values using a CoolSnap Pro video camera 
(Meyer Instruments, Houston, TX, USA) interfaced to an 
Olympus BX2 microscope (Olympus, Center Valley, PA) 
with a 20× magnification objective.
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and human meningeal cells. Interestingly, we still 
observed a marginal growth inhibitory effect on the 
immortalized OSE cell line known to develop sporadic 
chromosome instability (27). Since our primary interest 
is ovarian cancer, SKOV3, which exhibited the most 
sensitivity toward PSII treatment, was further studied. 
The kinetic study demonstrated that PSII treatment 
inhibits SKOV3 cell growth in a dose- and time-
dependent manner. At a concentration of 10 μM, the 
inhibition index of PSII after 7 days treatment was at 
a remarkable rate of 90.0% compared to PSI (80.3%) 
and etoposide (69.2%), a known cytotoxic agent. After 
a 24-hour treatment, the IC50 and TGI values of PSII 
on treated SKOV3 cells were 2.4 μM and 6.3 μM, 
respectively compared to those of PSI (3.1 μM and 9.3 
μM) and etoposide (3.2 μM and 9.7 μM) (Figure 1C). 
The results demonstrate potent inhibitory effects on the 

growth of tumor cells without deleterious effects on 
different normal cell types or benign neoplastic derived 
cells of PSII. However, most interestingly, while having 
marked structural similarities, PSII seemed to render 
better growth inhibitory effects than PSI on SKOV3 
cells at the same concentration and time point. 

3.2. Characterization of PSII-induced apoptosis in solid 
tumor cells

To understand the nature underlying PSII's effects on 
tumor cells' viability, we examined structural changes 
of treated SKOV3 cells. Tumor cells treated with PSII 
(10 μM) displayed morphological changes as early as 
4 h after initial exposure. After 12 h of PSII treatment, 
cells shrunk and ensued cell detachment from the culture 
surface at 24 h suggesting on-going induction of anoikis 
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Figure 1. PSII inhibits tumor cell proliferation. (A) The structure of Paris saponin II (PSII), including an α-L-rhamnopyranosyl 
group at C-2 of the glucosyl moiety that plays an important role in the activity of PSII. The α-L-arabinofuranosyl and β-D-
glucopyranoside at C-4 of the inner glucosyl moiety have limited roles. The chemical structure of PSI and etoposide are included. 
(B) Different cell lines were treated with PSII for 4 days. Cell viability was determined by MTT assay. PSII does not have any 
effect on the survival of normal human meningeal, human vascular smooth muscle, or human bronchial cells. PSII has marginal 
inhibitory effects on the growth of immortalized ovarian surface epithelial (OSE) cells. In contrast, PSII decreases cell viability of 
tumor derived cell lines: HEC-1A, A549, HepG2, SKOV3, Caski, and SiHa. Error bars represent standard error of the mean (SEM) 
(n = 3). (C) Dose-effect curves for PSII, PSI, and etoposide on the SKOV3 cell line for 1, 3, 5, and 7 days. * p < 0.05, vs. day 1 
group; Δ p < 0.05, vs. VP16 group.
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(Figure 2A). Ultrastructural electron microscopy analysis 
of SKOV3 cells demonstrated morphological changes 
characteristic of apoptosis such as membrane blebbing, 
fragmentation with apoptotic bodies, swelling of 
organelles and nuclear condensation (Figure 2B). DNA 
fragmentation assays showed oligonucleosomal DNA 
ladders in PSII-treated cells (data not shown), a typical 
characteristic of cells undergoing apoptosis, confirming 
that PSII induced apoptosis in SKOV3 cells. The results 
were complemented by TUNEL staining studies showing 

an increased percentage of TUNEL positive cells in a 
concentration dependent manner. Particularly, at 5 μM 
and 10 μM, PSII induced distinctly high percentages of 
TUNEL-positive cells (Figure 2C).
 To further characterize cell death induced by PSII, 
the relative portion of DNA contents were assessed by 
cell cycle analysis by propidium iodide staining using 
flow cytometry. SKOV3 cells treated with either various 
concentrations (1 μM, 5 μM, 10 μM, and 20 μM) for 24 
h or with 10 μM of PSII for multiple time courses (0 h, 

Figure 2. (A) Phase contrast images were recorded at 40× magnification using an Olympus BX60 upright microscope showing 
PSII (10 μM) and PSI (10 μM) induced morphology changes in A549, SKOV3, CasKi, HepG2, and SiHa cells after a 24 
h treatment. Untreated cells (only exposed to DMSO (< 0.1%) in saline) were used as controls. (B) Transmission electron 
microscopy of SKOV3 cells treated with PSII (10 μM) for 24 h (lower panel). Images were recorded at 5,000× magnification 
using a transmission electron microscope. Displays show structural changes in treated cells compared to control (upper panel). 
(C) SKOV3 cells were treated with different concentrations of PSII and labeled with TUNEL and DAPI after 24 h. Images of 
random fields (n = 10) per slide (n = 3) were collected at 400×. Data is presented as the percentage of TUNEL positive cells (green 
fluorescence) per total number of treated cells (blue-DAPI staining) (* p < 0.05, ** p < 0.01, compared to control). Representative 
figures of treated cells labeled for TUNEL and counterstained with DAPI are shown.
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24 h, 48 h, 72 h) were subjected to analysis. The results 
indicated PSII treatment induced SKOV3 cell death in a 
concentration- and time-dependent manner (Figures 3A 
and 3B). While concentration dependent studies showed 
only a marginal percentage of cell death after 24 h of 
PSII (10 μM) exposure, cell cycle analysis indicated a 
marked increase in the cell population trapped in the 
G2 phase as compared to those of the control group. 
However, cell death was more evident at and after 48 
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h of treatment (22.1% compared to 2.2% at time 0) 
(Figures 3C and 3D). Together, the results suggest that 
PSII treatment caused cell cycle arrest and apoptosis.

3.3. PSII activates the apoptotic pathway and targets 
ERK activity

In a previous study, PSI has been shown to activate 
the mitochondrial apoptotic pathway (5). Thus, to 

Figure 3. FACS analysis for apoptotic incidence. Special Ap peaks illustrate the characteristics of the cell population 
committed to apoptosis. (A) SKOV3 cells were treated with different concentrations of PSII for 24 h. The bar chart demonstrates 
percentage of apoptotic incidence compared to control. (B) SKOV3 cells were treated with PSII (10 μM) and were analyzed 
for percentage of apoptotic incidence at different time points. The bar chart summarizes the results as percentage of apoptotic 
incidence compared to control. (C) PSII induces G2/M phase arrest in SKOV3 cells in a concentration dependent manner. The 
SKOV3 cells were treated with different concentrations of PSII (0, 1 μM, 5 μM, and 10 μM) for 24 h and subsequently labeled 
with propidium iodide staining and analyzed using fluorescence-activated cell sorting analysis. The bar chart summarizes the 
results as percentage of cells in the G2/M phase. (D) PSII induces G2/M phase arrest in SKOV3 cells. SKOV3 cells were cultured 
with or without PSII (10 μM) for 0, 24 h, and 48 h. All treated cells were stained with propidium iodide and analyzed using 
fluorescence-activated cell sorting analysis. The bar chart shows the percentage of cells in the G2/M phase. Error bars represent 
standard error of the mean (SEM) (n = 3) (p < 0.05 and p < 0.01, compared to control to be considered as significant).
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Figure 4. PSII induces caspase activation and cytochrome c release and inhibits ERK1/2 phosphorylation in treated 
SKOV3 cells. (A) Western blot analysis for SKOV3 cells treated with different concentrations of PSII for 24 h. DMSO (< 
0.1%) diluted in saline was used as a control. β-Actin was used as a loading control. M-cytochrome c-mitochondrial cytochrome 
c and C-cytochrome c-cytosolic cytochrome c. (B) Densitometric analysis was performed for Bcl-2, Bax, active caspase-9, 
and active caspase-3. Values were normalized to β-actin, * p < 0.05, compared to control. (C) Sections were analyzed by 
immunohistochemistry for Bax, Bcl-2, caspase-3, and caspase-9. (D) Quantifi cation using immunohistochemical staining for Bax, 
Bcl-2, caspase-3, and caspase-9. Data are presented in arbitrary values (n = 3, Δ p < 0.05, compared to control). (E and F) Paris 
saponins (PSI and PSII) inhibit tumor growth in a xenograft model of ovarian cancer. Mice were implanted with 5 × 106 SKOV3 
cells on day 0 and were randomly divided into various treatment and control groups (n = 5). Eight days after implantation, tumor-
bearing mice were treated according to the protocols. Briefl y, tumor-bearing mice were treated with PSI, PSII, or received the 
vehicle (DMSO, < 0.1%) in saline solution by intraperitoneal administration for 4 weeks, 4 consecutive days per week with 
two different doses of either PSI or PSII, 15 mg/kg or 25 mg/kg. Columns, mean; bars, S.D., * p < 0.05, Δ p < 0.05, compared to 
control. 
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understand the nature of PSII-induced apoptosis 
on SKOV3 cells,  we examined changes in the 
constituents of the mitochondrial apoptotic pathway. 
As shown in Figure 4, 24 h PSII treatment led to 
the expression of proapoptotic protein Bax and the 
activation of apoptotic proteins such as caspase-3 
and caspase-9 in a concentration manner evident by 
a gradual disappearance of intact pro-caspase-9 and 
pro-caspase-3 and appearance of proteolytic cleavage 
bands (Figures 4A and 4B). We also detected increased 
levels of cytosolic cytochrome c and decreased levels 
of mitochondrial cytochrome c in a concentration 
dependent manner. In contrast, anti-apoptotic Bcl-2 
protein levels were markedly reduced in cells being 
treated with PSII at a concentration as low as 5 μM. 
Immunochemical studies also confirmed similar 
observations showing that PSII treatment reduced Bcl-
2 expression levels while promoting the expression 
of Bax and the activation of caspase-3 and caspase-9 
(Figures 4C and 4D). Since inhibition of the mitogen-
activated protein kinase pathway (MAPK pathway) 
has been shown to be associated with induction of 
apoptosis in tumor cells with growth inhibition (28-
30), to determine whether PSII treatment inhibits 
tumor cell growth by modulating survival signaling, 
we also examined the activation status of ERK1/2. 
As we expected, although PSII treatment did not alter 
the expression levels of total ERK1/2, prominent 
reduction of phosphorylated ERK1/2 was observed as 
we increased the exposure concentration of PSII from 
1 μM to 10 μM. 

3.4. PSII inhibits tumor growth in a xenograft mouse 
model

To further characterize the antitumor properties of PSII, 
we assessed its antitumor efficacy in a well established 
xenograft mouse model of ovarian cancer. Both PSI and 
PSII did not induce any apparent acute toxic effects in 
treated mice. Most intriguing, as shown in Figure 4E, 
PSI and PSII treatment significantly delayed tumor 
growth. As we have shown that although both PSI and 
PSII have the same range of efficacy, PSII appeared to 
be marginally more potent than PSI. We observed the 
same pattern in the in vivo study. At the termination 
of the experiment, we found that intraperitoneal 
administration of PSII and PSI at 15 mg/kg and 25 mg/
kg dosages led to a 46% and 70% and a 40% and 64% 
tumor growth inhibition, respectively, compared with 
that in control mice treated with vehicle solution of 
DMSO (< 0.1%) diluted in saline solution (p < 0.05). 
However, at a dosage of 15 mg/kg, the antitumor effect 
of PSII appeared to reach a plateau after 26 days of 
treatment despite the additional 2 cycles of treatment. In 
contrast, at the higher dosage (25 mg/kg), the additional 
cycles of treatment seemed to be beneficial as PSII 
inhibited 70% tumor growth at day 47 compared to 
60% at day 26. 

4. Discussion

In attempting to characterize the antitumor effects 
of active constituents of traditional herbal medicine 
with diverse therapeutic potential, PSII was isolated 
from Rhizoma Paridis and characterized (31,32). At 
the time of this writing, eleven steroidal saponins of 
Rhizoma Paridis have been identified, namely Paris V 
(3-O-Rha(1→2)-Glc), polyphyllin C (3-O-Rha(1→3)-
Glc), PSI-polyphyllin D (3-O-Rha(1→2)[Ara(1→4)]-
Glc) (14,33-36), PSII-formosanin C (3-O-Rha (1→4)-
Rha(1→4)[Rha(1→2)]-Glc), prosapogenin B of 
dioscin (3-O-Rha(1→4)-Glc), Paris saponin V (PSV)
(3-O-Rha(1→3)[Ara(1→4)]-Glc), Paris saponin VI 
(PSVI) )(3-O-Rha(1→4)[Ara(1→3)]-Glc), Paris 
saponin III (3-O-Rha(1→4)[Ara(1→2)]-Glc), gracillin 
(3-O-Rha(1→2)[Glc(1→3)]-Glc, polyphyllin E 
(3-O-Rha(1→2)-Rha(1→4)[Rha(1→3)]-Glc), and 
polyphyllin F (3-O-Rha(1→4)-Rha (1→3)[Glc(1→2)]-
Rha) (3,37). Over the past few decades, the therapeutic 
properties of the diosgenin-steroid saponins sub-
group have been explored for treatments against 
metabolic diseases, including hypercholesterolemia, 
dyslipidemia, diabetes and obesity, inflammation, 
and cancer (38). However, the field investigating the 
antitumor properties of Paris saponin has only become 
more active in the past five years. Multiple model 
systems ranging from murine lung adenocarcinoma (22), 
human colon adenocarcinoma grade II (17), mouse 
lung adenocarcinoma (23) to zebrafish embryos have 
demonstrated that several Paris saponins can induce 
programmed cell death, inhibit cell migration, and 
inhibit tumor cell growth. Studies from our laboratories 
have also unraveled PSI mechanisms of action on 
ovarian cancer cells (5,24,33,36,39). While PSII and 
PSI have remarkable chemical structural similarity, very 
few studies have been conducted to explore the efficacy 
and mechanisms underlying the cytotoxic effects of 
PSII in cancer treatment.
 In the present study, we examined the underlying 
mechanism of action and the antitumor effects of 
PSII in ovarian cancer cells because they are not 
completely defined. We also attempted to develop PSII 
as a systemic treatment strategy for ovarian cancer 
that remains the fifth-leading cause of death by cancer 
in the developed world and the most deadly of the 
gynecologic malignancies (40). Here, we showed that 
PSII selectively inhibits growth of tumor cell lines 
but not non-neoplastic derived cell lines or normal 
cell types with relative low IC50s compared with those 
of PSI. Similar to PSI, PSII appeared to be a more 
powerful cytotoxic agent than etoposide. Cytotoxic 
and inhibitory effects of PSII were time- and dose-
dependent. Increased concentrations of PSII ensued 
showing increased levels of cell death signaling evident 
by DNA fragmentation, the activation of caspase-9 
and caspase-3, and reduced levels of active ERK1/2 in 
treated cells. 
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 PSII treatment also altered the expression levels 
of anti-apoptotic Bcl-2 and pro-apoptotic protein 
Bax. Both Bax and Bcl-2 are among the important 
regulators of cytochrome c release from mitochondria; 
the reduction of Bcl-2 levels promotes cytochrome 
c release, leading to the activation of programmed 
cell death. It is well known that cross-talk between 
Bcl-2 and Bax is intimately linked to the fate of the 
cell; Bax may block Bcl-2 activity and vice versa; 
however, in certain instances, Bcl-2 and Bax function 
independently to regulate cell death in an exclusive 
manner. Data from the present studies seem to suggest 
that PSII induced apoptotic cell death by modulating 
the expression of both Bcl-2 and Bax. While further 
studies will be necessary, the dramatic changes in 
Bcl-2 expression levels corroborated with other clues 
suggesting PSII may induce ER stress-induced cell 
death. The first clue was evident from the occurrence 
of several downstream signals upon PSII treatment 
such as the collapse of mitochondrial potential (data not 
shown) and the release of cytochrome c. ER stress often 
triggers release of Ca2+ and induces activation of the 
apoptotic pathway involving collapse of mitochondrial 
potential, permeabilization of the inner membrane and 
release of cytochrome c (41). Another clue came from 
an observation that increased concentrations of PSII in 
SKOV3 cell treatment resulted in the upregulation of C/
EBP homologous transcription factor (CHOP) protein 
levels (unpublished data). CHOP is known to regulate 
ER stress-induced cancer cell death (33) and suppress 
Bcl-2 expression levels leading to a severe irremediable 
endoplasmic reticulum stress (42,43). Here, PSII 
treatment induced Bax expression in parallel with the 
dramatic reduction of Bcl-2 expression in PSII-treated 
tumor cells. While future studies will further determine 
the nature of PSII-induced apoptosis in ovarian cancer 
tumor cells, data from the present studies suggest that 
PSII treatment affects the mitochondrial apoptotic 
pathways. Indeed, these findings are supported by a 
study by Lee et al. showing PSII-formosanin C induces 
mitochondria membrane potential collapse and the 
activation of essential components of the intrinsic 
apoptosis pathway (17). 
 In addition to activating the apoptotic pathway, PSII 
also exerts its effect on ERK MAPK. The activation 
of the MAP-ERK pathway often stimulates cell 
differentiation, mitosis, and hypertrophy (44). In cancer, 
key events in the cellular transformation process such 
as proliferation, migration, and tumor development 
have been linked to the activation of ERK1/2 signaling 
and its role in relaying communication between growth 
factor receptors and the cell nucleus (45). ERK MAPK 
also phosphorylates caspase-9 at Thr125 resulting in 
the inhibition of caspase-9 processing and caspase-3 
activation (46). Therefore, the effects of PSII treatment 
on ERK MAPK activation in a dose-dependent manner 
accompanied with increased levels of activated caspases 

further suggests that PSII elicits its inhibitory effects 
via modifying ERK activities.
 We also demonstrated that PSII has a potent 
antitumor activity. In a comparative study (23), PSII 
appears to be more effective in inhibiting tumor growth 
and pulmonary metastasis than cisplatin in a T739 
bearing LA795 cells mice. Interestingly, this study 
also showed that PSII appeared to be marginally more 
potent than PSI, especially, at the higher dosage (25 mg/
kg). It appears that at the higher dosage (25 mg/kg), the 
additional cycles of treatment seemed to be beneficial 
compared to the PSI treatment. These results offer an 
interesting observation that may allow us to develop a 
strategy for a proper schedule for the administration of 
PSI and PSII as single agent or in adjunvant therapy. 
Of note, while Rhizoma Paridis has been used for 
thousands of years, it is also reasonable to assume that 
the bioactivity of Rhizoma Paridis is a synergistic effect 
of multiple active constituents including PSI and PSII.
 In conclusion, we have shown that PSII targets 
tumor cells via multiple mechanisms including 
modulating ERK1/2 activity, inducing cell-cycle arrest, 
and activating the mitochondrial apoptotic pathway. 
While the chemical structure of PSI and PSII are 
markedly similar, the relative higher potency of PSII 
suggests that further investigations into their structure-
functions and associated biological effects may have 
value for improving the effectiveness of an anti-cancer 
strategy in a clinical setting.
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