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ABSTRACT
Background: Forsythiae Fructus (FF) is a well‑known medicinal herb derived 
from the dried fruits of Forsythia suspensa (Thunb.) Vahl. (Oleaceae). 
Recently, bioactive compounds isolated from hydrophobic solvent fractions 
of FF have been reported to have anti‑oxidant, antibacterial, and anti‑cancer 
effects. Objective: Almost all herbal medicines are derived from water 
extracts, which suggests different extraction methods might enhance the 
practical efficacies of herbal medicines. In this study, the authors further 
investigated the most potential anti‑cancer fraction, that is, the hexane 
fraction (FFH) of the methanol extract (FFM) of the dried fruits of Forsythia 
suspensa. Materials and Methods: FFH was investigated by measuring 
its effects on the viability and apoptotic death of PC‑3 cells (a prostate 
cancer cell line), on the expression levels of Bcl‑2, Bax, cytochrome c, 
procaspase‑9, procaspase‑3 and PARP, and caspase‑3 activity. Results: FFH 
significantly accelerated apoptotic cell death and decreased the protein 
levels of Bcl‑2, procaspase‑9, and procaspase‑3. Conclusion: FFH can act 
as a pro‑oxidative agent and induce the apoptosis of prostate cancer cells.
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INTRODUCTION
Prostate cancer is one of the most commonly diagnosed cancers and the 
second leading cause of cancer‑related death in men in the United States 
and in Western Europe. Jemal et al. reported 220,000 men were newly 
diagnosed and that 15% of prostate cancer patient population died in the 
United States in 2010.[1]

Various types of therapies, such as, hormone, surgery, radiation, and 
chemotherapy, have been used to treat prostate cancer,[2‑11] but all 
are limited by serious side effects, which has encouraged others to 
develop chemotherapeutic agents that are effective and relatively safe. 
Furthermore, many scientists now recognize that herbal medicines 
represent a potential source of these chemotherapeutics.[12,13]

Forsythiae Fructus (FF) has been reported to have anti‑cancer effects 
in various cancer cell lines.[14‑16] In our preliminary study, the hexane 
fraction (FFH) of the methanolic extract of FF was found to show more 
apoptotic activity in cancer cell lines than in other solvent fractions.
Apoptosis is can occur through a death receptor mediated (extrinsic) 
pathway or a mitochondrially mediated (intrinsic) pathway. The 
extrinsic pathway is induced by death receptors, whereas the intrinsic 
pathway is initiated by stress inducers, cytokines, reactive oxygen 

species (ROS), protein degradation, nuclear condensation, and DNA 
fragmentation.[11,17‑22]

Bcl‑2 family members play central roles in the regulations of cell 
survival and death. This family is composed of antiapoptotic (Bcl‑2) 
and proapoptotic (Bax) molecules. Bid translocation to mitochondria 
is induced by interactions between Bcl‑2 family members, and this, 
translocation can induce cytochrome c release to cytosol. On the other 
hand, NF‑κB activation can block this cytochrome c release and result in 
cell death signaling through, for example, the caspase cascade.[23‑26]
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SUMMARY
•  Hexane fraction of the methanol extract of Forsythiae Fructus (FFH) at a 

concentration more than 50 μg/mL significantly reduced PC‑3 cell viability
•  FFH time and dose dependently elevated intracellular ROS levels and 

increased the proportion of cells arrested in the G0/G1 phase
•  FFH significantly accelerated apoptotic cell death and diminished the 

protein expression levels of Bcl‑2, procaspase‑9, and procaspase‑3
•  The protein expression levels of Bax, cytochrome c, and cleaved PARP 

were increased by FFH, and so was the caspase‑3 activity.
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In the present study, the anti‑cancer effects of FFH were investigated 
by measuring its effects on intracellular ROS production, cell cycle 
distribution, apoptotic cell levels, and caspase‑3 activity, and Bcl‑2, Bax, 
cytochrome c, caspase 9, caspase 3, and PARP protein levels.

MATERIALS AND METHODS
The hexane fractionation of FF
FF was purchased from Hwalim Natural Herb Company (Busan, 
Korea), and was authenticated by one of the authors (Suin Cho, an 
experienced pharmacognocist). Specimens were deposited in the School 
of Korean Medicine, Pusan National University. Dried FF (500 g) was 
extracted three times by maceration in methanol (5L × 3) for 48 h at 
25°C. The methanol extract (FFM) so obtained was then filtered and the 
methanol was evaporated using a rotary evaporator and speed vacuum 
concentrator (final yield of FFM 89 g). FFM was then suspended in water 
and partitioned sequentially to produce the following fractions: hexane 
(FFH, 11.50 g), chloroform (FFC, 5.31 g), ethyl acetate (FFE, 1.82 g), 
butanol (FFB, 11.06 g), and aqueous residue (FFW, 30.04 g). These 
materials were stored in sterile microtubes in a refrigerator at ‑20°C.

Reagents
Thiazolyl blue tetrazolium bromide (MTT), 2′,7′‑dichlorodihydro‑
fluorescein diacetate (DCFH‑DA) and other reagents were purchased 
from Sigma‑Aldrich Co. (St. Louis, MO, USA). Tris was purchased from 
Duchefa Biochemie (BH Haarlem, The Netherlands), dimethyl sulfoxide 
(DMSO) from Junsei Chemical Co. (Tokyo, Japan). Fetal bovine serum 
(FBS) and penicillin‑streptomycin (P/S) were purchased from Gibco 
(Los Angeles, CA, USA). Dulbecco’s Modified Eagle’s Medium (DMEM) 
was purchased from Welgene Inc. (Gyeongsangbuk‑do, Korea). BCA 
reagent and albumin standard were from Thermo Scientific (Waltham, 
MA, USA). Primary Bcl‑2 antibody was purchased from Oncogene 
(Bracknell, England). Bax and PAPR antibodies were obtained from 
Cell Signaling (Danvers, MA, USA) and cytochrome c, caspase‑9, and 
β‑actin antibodies from Santa Cruz (Paso Robles, CA, USA). Caspase‑3 
antibody was obtained from EMD Millipore (Billerica, MA, USA). 
Secondary antibodies goat anti‑rabbit IgG, pAb, goat anti‑mouse IgG, 
pAb, and caspase‑3 activity assay kit were obtained from Enzo Life 
Sciences (Farmingdale, NY, USA). West‑Q chemiluminescent substrate 
was purchased from GenDEPOT (Katy, TX, USA). The solvents used 
were of HPLC grade, unless stated otherwise.

Cell line and cell culture
PC‑3 cells (a human prostate cancer cell line) were obtained from ATCC 
(American Type Culture Collection, Tockville, MA, USA). Cells were 
cultured in DMEM media supplemented with 10% FBS and 1% P/S and 
maintained in a 95% air/5% CO2 atmosphere at 37°C.

Cell viability assay and cell morphology
Cell viabilities were measured using a modified version of the 
3‑[4,5‑dimethylthiazol‑2‑yl]‑2,5‑diphenyltetrazolium bromide (MTT) 
method.[27] Briefly, PC‑3 cells (5×103 per well) were incubated at 37°C 
with 5% CO2 for 18 h, and then with various concentrations of FFH for 
24 h. After incubation, MTT solution (0.5 mg/mL) was added for 2 h 
and then the culture medium was removed. Absorbance was measured at 
570 nm using a spectrophotometer (Tecan, Infinite® M200, Switzerland).
The effects of FFH on cell morphology and density were assessed. Cells 
were seeded at a density of 5×104 per well and incubated at 37°C in 
5% CO2 for 18 h in the same manner as described above. Morphologic 
changes were examined using an inverted microscope (Nikon Eclipse, 
TS100F, Japan) at a magnification of 100×.

Intracellular ROS generation
Intracellular ROS levels were measured using DCFH‑DA (a fluorescent dye). 
Briefly, PC‑3 cells (5×104 per well) were incubated at 37°C in 5% CO2 
for 18 h and then with various concentrations of FFH for 24 h. After 
incubation, DCFH‑DA was added to a final concentration of 5 μM and 
cells were incubated for a further 30 min. They were then washed three 
times in PBS. Fluorescence was measured at an excitation wavelength 
of 485 nm and an emission wavelength of 530 nm using a fluorescence 
reader (Tecan, Infinite® M200, Switzerland). Intracellular ROS levels 
were analyzed by flow cytometry (BD FACS Canto ΙΙ, USA) using the 
procedure described above.

Cell cycle analysis
PC‑3 were seeded at 1×106 per well and incubated at 37°C in 5% CO2 
for 18 h. They were then incubated with various concentrations of 
FFH for 24 h, fixed with 80% ethanol, and stored at –20°C overnight. 
Cells were then suspended in propidium iodide (PI) staining solution 
(0.01 mg/mL PI and 0.1 mg/mL RNase A) and incubated at 37°C for 30 
min in the dark. Cell cycle distributions were analyzed by flow cytometry 
(BD FACS Canto ΙΙ, USA).

Annexin-V/PI double staining
To determine whether cell death was due to apoptosis, flow cytometry 
was used to determine proportions of apoptotic cells induced by 
FFH treatment. Briefly, PC‑3 cells were seeded at 1×106 per well and 
incubated at 37°C in 5% CO2 for 18 h. They were then incubated with 
various concentrations of FFH for 24 h when attached cells were gently 
trypsinized. After washing with PBS, cells were suspended in binding 
buffer, treated with 5 μL of annexin‑V/FITC and 10 μL of PI solution, 
incubated at 37°C for 30 min in the dark, and immediately analyzed by 
flow cytometry (BD FACS Canto ΙΙ, USA).

Caspase-3 activity assay
The effects of FFH on in vitro caspase‑3 activity were determined using 
a caspase‑3 activity assay kit (Enzo Life Sciences, Farmingdale, NY, 
USA). Briefly, PC‑3 cells (1×106 per well) were incubated at 37°C in 
5% CO2 for 18 h and then with various concentrations of FFH for 24 
h. Collected cells were lysed and cell lysates were quantified using the 
BCA method. Cell lysates (100 μg), fluorogenic peptide substrate (200 
μM), and DEVD‑p‑nitroaniline (pNA; final concentration 200 μM) were 
then added in 96‑well plate and incubated at 37°C in 5% CO2 for 1 h. 
Absorbance was measured at 405 nm using a spectrophotometer (Tecan, 
Infinite® M200, Switzerland).[28]

Western blot analysis
The expression levels of Bcl proteins, cytochrome c, caspases, and 
PARP were assessed by Western blotting. Briefly, PC‑3 cells were 
seeded at 1×106 per well, incubated at 37°C in 5% CO2 for 18 h, and 
with various concentrations of FFH for 24 h. Attached cells were then 
washed twice with ice‑cold PBS and total proteins were isolated using 
protein extraction solution (pro‑prep, iNtRON, Gyeonggi‑do, Korea). 
Cell lysates were obtained by centrifugation at 13,250g for 10 min at 4°C. 
Proteins were separated using sodium‑dodecyl sulfate polyacrylamide 
gel, transferred to PVDF membranes (Millipore, Darmstadt, Germany), 
which were then blocked by 5% skim milk in TBST buffer for 1 h at 
room temperature and then incubated for 4°C overnight with specific 
antibodies for Bcl‑2 (1:500), Bax (1:500), cytochrome c (1:200), caspase‑9 
(1:200), caspase‑3 (1:200), PARP (1:500), and β‑actin (1:500). After this 
overnight incubation, horseradish peroxidase (HRP) conjugated goat 
anti‑rabbit IgG, pAb (1:5000), and HRP‑conjugated goat anti‑mouse IgG 
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pAb (1:3000) were added for 2 h. Membranes were then treated with 
ECL solution (Gen DEPOT, Houston, TX, USA) and protein expression 
levels were determined using a photosensitive luminescent analyzer 
system (Amersham™ Imager 600, UK) and the Image J program (NIH, 
MA, USA). Values are presented as ratios of densities of respective 
protein bands to β‑actin.

Statistical analysis
One‑way ANOVA was used to determine the significances of differences 
between the experimental groups and the control group. Results are 
presented as mean ± standard deviation (mean ± SD). SIGMAPLOT ver. 
12.0 was used for reasons of the statistical analysis, and P values of 0.05 
or less were considered statistically significant.

•  v

Figure 1: Effects of FFM and FFH on the viability and morphology of 
PC-3 cells. Cell viabilities were measured using a MTT assay as described 
in Materials and Methods section. (A) Values are the mean ± SD of three 
independent experiments. **P < 0.01 and ***P < 0.001 vs. the nontreated 
control. (B) The effects of FFH on the density and morphology of PC-3 
cells were observed using an inverted microscope (original magnification 
100×; scale bar = 500 pixels). (A) Nontreated control; (B) 12.5 μg/mL; (C) 25 
μg/mL; (D) 50 μg/mL; (E) 100 μg/mL; (F) 200 μg/mL of FFH administered

Figure 2: Effects of FFH on ROS levels in PC-3 cells. Amounts of ROS 
were determined using DCFH-DA. Results are the mean ± SD of three 
independent experiments. ##P < 0.01 and ###P < 0.001 vs. 100 μg/mL FFH 
at baseline (zero) time and *P < 0.05 vs. the nontreated control at each 
time point. ¶P < 0.05 vs. 100 μg/mL FFH

Figure 3: Effects of FFH on the cell cycle distribution. (A) Cell cycle 
distributions were analyzed by staining intracellular DNA with PI. PC-3 
cells were treated with 50 μg/mL of FFH for 24 h. (A) Control; (B) Cells 
treated with 50 μg/mL of FFH. (B) Percentages of cells in the different 
phases are shown. Results are the mean ± SD of three independent 
experiments. *P < 0.05 and **P < 0.01 vs. the nontreated control

Figure 4: Effect of FFH on apoptosis in PC-3 cells. (A) Percentages of 
apoptotic cells were determined by annexin-V and PI double staining. 
PC-3 cells were treated with 25, 50, or 100 μg/mL of FFH for 24 h. (A) 
Control; (B) 25 μg/mL; (C) 50 μg/mL; (D) 100 μg/mL of FFH administered. 
(B) The percentages of cells located in four different areas from Q1 to Q4 
are shown. Results are the mean ± SD of three independent experiments. 
**P < 0.01 vs. the nontreated control
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was in line with the observed effects of FFM or FFH on cell viability 
[Figure 1A]. Morphologically, treatment with FFM or FFH was found 
to result in shrunken, bulging cells indicative of apoptosis and necrosis.

Measurements of intracellular ROS
ROS are known to be closely related to the initiation of the apoptotic 
cascade.[29‑31] Therefore, we investigated the effect of FFH on intracellular 
ROS levels in PC‑3 cells. At concentrations up to 100 μg/mL FFH 
significantly elevated intracellular ROS levels in a dose‑ and time‑
dependent manner [Figure 2]. Intracellular ROS levels as determined 
by flow cytometry showed a similar increasing tendency on increasing 

RESULTS AND DISCUSSION
Cell viabilities and morphologic changes
The viabilities of PC‑3 cells in the presence of 12.5‑200 μg/mL FFM or FFH 
for 24 h were measured using the MTT assay. At concentrations higher 
than 50 μg/mL, FFM and FFH both significantly lowered cell viabilities 
[Figure 1]; thus, FFH was administered to cells at concentrations up 
to 200 μg/mL during our study of anti‑cancer properties. Cell viability 
was found to decrease in a dose‑dependent manner [Figure 1B], which 

Figure 5: Effects of FFH on Bcl-2 expression in PC-3 cells. (A) Bcl-2 
expression levels were evaluated by Western blotting using 30 μg of cell 
lysates. (B) Protein expression were normalized vs. β-actin. Results are 
presented as the mean ± SD of three independent experiments. *P < 0.05 
vs. the nontreated control

Figure 6: Effects of FFH on Bax expression in PC-3 cells. (A) Bax expression 
levels were evaluated by Western blotting using 30 μg of cell lysates. 
(B) Protein expression was normalized vs. β-actin. Results are presented 
as the mean ± SD of three independent experiments. *P < 0.05 vs. the 
nontreated control

Figure 7: Effects of FFH on cytochrome c expression in PC-3 cells. (A) 
Cytochrome c levels were evaluated by Western blotting using 30 μg of 
cell lysates. (B) Protein expression was normalized vs. β-actin. Results are 
presented as the mean ± SD of three independent experiments. *P < 0.05 
vs. the nontreated control

Figure 8: Effects of FFH on procaspase-9 expression in PC-3 cells. (A) 
Procaspase-9 expression was evaluated by Western blotting using 30 μg 
of cell lysates. (B) Protein expression was normalized vs. β-actin. Results 
are presented as the mean ± SD of three independent experiments. *P < 
0.05 and **P < 0.01 vs. the nontreated control
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of cytochrome c release and depolarize the inner mitochondrial 
membrane.[34] In the present study, cytochrome c protein expression 
was increased dose dependently when FFH was treated with PC‑3 
cells [Figure 7].
In apoptotic pathway, cytoplasm emission increases when cysteine 
protease caspase‑9 is activated; then activated caspase‑3 leads to 
apoptosis.[35] When PC‑3 cells were treated with FFH, the activities of 
the pro‑form of caspase‑9 and ‑3 were decreased Figure 8 and Figure 9 
and the expression of the cleaved form of activated caspase‑3 expression 
increased [Figure 10].
Caspase‑3 catalases PARP cleavage, which is considered a hallmark of 
apoptosis.[17,36‑38] In the present study, cleaved PARP expression increased 
dose dependently when PC‑3 cells were treated with FFE [Figure 11]. 
Furthermore, caspase‑3 activation and cleaved PARP expression were 
found to correspond to apoptosis Figure 10 and Figure 11.
The above results suggest that FFH controls the protein levels of Bcl‑2 
family members, activates caspases, and increases cleaved PARP protein 
levels, and, thus, induces apoptosis via the death receptor dependent 
pathway in prostate cancer (PC‑3) cells.

CONCLUSION
In this study, the anti‑cancer effects of FFH were investigated with 
respect to cell viability, intracellular ROS production, cell cycle 
distribution, and proportions of apoptotic cells in PC‑3 prostate cancer 
cells. In addition, the effects of FFH on the protein levels of Bcl‑2, 
Bax, cytochrome c, procaspase‑9, procaspase‑3, and PARP, and on 
caspase‑3 activity were assessed. When administered at a concentration 
higher than 50 μg/mL FFH significantly and dose dependently reduced 
cell viability. In addition, FFH time and dose dependently elevated 
intracellular ROS levels and increased the proportion of cells arrested 
in the G0/G1 phase. Annexin‑V and PI double staining showed that 
FFH significantly accelerated apoptotic cell death and diminished the 
protein expression levels of Bcl‑2, procaspase‑9, and procaspase‑3. 
In addition, the protein expression levels of Bax, cytochrome c, and 
cleaved PARP were increased by FFH, and so was caspase‑3 activity. 
These results indicate that the anti‑cancer effects of FFH on PC‑3 
prostate cancer cells are closely related to the apoptotic cascade. Taken 
together, we suggest FFH acts as a pro‑oxidative agent that induces 

FFH concentration [Figure 1]. In a preliminary study, we found the free 
radical scavenging activities of FFH were lower than those of the other 
solvent fractions (data not shown). Considering preliminary and present 
results, it would appear FFH induces PC‑3 cell death by acting as a pro‑
oxidative agent.

Effect of FFH on G0/G1 phase cell cycle arrest
Cell cycle distributions were evaluated by flow cytometry after PI staining. 
The percentage of PC‑3 cells in the G0/G1 phase in 50 μg/mL FFH‑treated 
group (69%) was significantly greater than that for untreated PC‑3 cells 
(54%). Percentages in the S and G2/M phases decreased from 12 to 6% 
(S phase) and from 30 to 19% (G2/M phase) on treating cells with 50 μg/
mL FFH [Figure 3]. These results suggest FFH causes PC‑3 cell death 
mediated by G0/G1 phase cell cycle arrest.

Effect of FFH on PC-3 apoptosis
During the early stage of apoptosis, phosphatidylserine (PS) residues are 
exposed on cell surfaces, and annexin‑V conjugates appear with these 
residues.[32] To quantify the apoptotic effect of FFH treatment, flow 
cytometric analysis was performed using annexin‑V/PI double staining. 
The results obtained showed FFH increased the population of cells both 
of early and late apoptosis in a dose‑dependent manner [Figure 4]. These 
results suggest that the antitumor effect of FFH is related to the induction 
of apoptosis in PC‑3 cells.

Effects of FFH on protein expressions and caspase-3 
activity
The protein expressions of apoptosis pathway intermediates were 
examined in FFH‑treated PC‑3 cells. Apoptosis was partially regulated by 
Bcl‑2 family protein, and the Bcl‑2 family contains antiapoptotic (Bcl‑2) 
and proapoptotic (Bax) molecules.[33] Our study demonstrates that the 
Bcl‑2 protein levels decreased dose dependently [Figure 5], but Bax 
levels increased dose dependently [Figure 6].
Cytochrome c is mediator of apoptosis caused by DNA damage. Bcl‑2 
protein has been found to block apoptotic mechanisms downstream 

Figure 9: Effects of FFH on procaspase-3 expression in PC-3 cells. (A) 
Procaspase-3 expression was evaluated by Western blot method using 30 
μg of cell lysates. (B) Protein expression was normalized vs. β-actin. Results 
are presented as the mean ± SD of three independent experiments. **P < 
0.01 and ***P < 0.001 vs. the nontreated control

Figure 10: Effects of FFH on caspase-3 activity in PC-3 cells. Caspase-3 
activity assay was determined using a colorimetric method. Results are 
presented as the mean ± SD of three independent experiments. *P < 0.05 
vs. the nontreated control
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apoptosis in prostate cancer cells and that it should be viewed as a 
potential agent for the treatment of prostate cancer.
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