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lines DU145 and PC-3
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Abstract Paeonol (Pae) is the main active ingredient from the
root bark of Paeonia moutan and the grass of Radix Cynanchi
Paniculati. Numerous reports indicate that Pae effectively in-
hibits several types of cancer lines. In this study, we report that
Pae hinders prostate cancer growth both in vivo and in vitro.
Human prostate cancer lines DU145 and PC-3 were cultured
in the presence of Pae. The xenograft tumor in mice was
established by subcutaneous injection of DU145 cells. Cell
growth was measured by MTT, and the apoptosis was detect-
ed by the flow cytometry. Expression of Bcl-2, Bax, Akt, and
mTORwere tested by western blotting assay. DU145 and PC-
3 showed remarkable sensitivity to Pae, and exposure to Pae
induced dose-and time-dependent growth inhibitory re-
sponses. Moreover, treatment of Pae promoted apoptosis and
enhanced activities of caspase-3, caspase-8, and caspase-9 in
DU145. Further work demonstrated Pae reduced expression
of Bcl-2 and increased expression of Bax in DU145.
Interestingly, we observed that Pae significantly decreased
phosphorylated status of Akt and mTOR, and inhibitory ef-
fects of Pae and PI3K/Akt inhibitor on DU145 proliferation
were synergistic. Finally, we confirmed that oral administra-
tion of Pae to the DU145 tumor-bearing mice significantly
lowered tumor cell proliferation and led to tumor regression.
Pae possesses inhibitory effects on prostate cancer cell growth
both in vitro and in vivo, and the anti-proliferative effect may

be closely related to its activation of extrinsic and intrinsic
apoptotic pathway and inhibition of the PI3K/Akt pathway.
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Introduction

Prostate cancer is the second leading cause of cancer mortality
in men around the world, and its incidence and mortality rates
have increased substantially in recent years [16]. In the USA,
there were an estimated 240,890 new cases of prostate cancer
and 33,720 deaths in 2011 [24]. In Lebanon, the prostate can-
cer incidence increased from 29.9 cases per 100,000 persons
in 2003 to 39. cases per 100,000 in 2008, and the value is
expected to increase from 42 cases per 100,000 in 2009 to
64 cases per 100,000 in 2018 [14]. Radical prostatectomy,
hormone ablation therapy, and radiotherapy are suggested
treatments for prostate cancer patients. However, no curative
treatment exists once the cancer invades beyond the gland and
metastasizes to bone and lymph nodes, which become andro-
gen refractory [10, 17]. Therefore, novel approaches are ur-
gently required.

Research indicates that cytotoxic drugs cause adverse ef-
fects. In recent years, natural products have received increas-
ing attention, with some proving to be promising alternatives
for preventing the progression of prostate cancer. Paeonol
(Pae; Fig. 1d) is one of such agents that can inhibit cancer
progression. Pae is the main active component extracted from
the root bark of Paeonia moutan and the grass of Radix
Cynanchi Paniculati, which is widely used as a nutrient sup-
plement in traditional Chinese medicine. Pae has been con-
firmed to possess extensive pharmacological activities, in-
cluding hypnosis, anti-pyresis, analgesia, anti-oxidation,
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anti-inflammation, and anti-bacteria [13]. Additionally, it has
also been previously demonstrated that Pae has a wide anti-
neoplastic spectrum and exhibits anti-proliferative effects and
apoptosis-inducing activities in hepatoma cell lines (HepG2
and SMMC-7721), esophageal cancer cell lines (SEG-1 and
Eca-109), colorectal cancer cell line (HT-29), colon cancer cell
lines (DLD-1), gastric cancer cells(MFC and SGC-790 cells),
and ovarian cancer cell line (SKOV3) [21, 26, 28, 30, 32–34].
Moreover, Pae effectively reverses paclitaxel resistance in
MCF-7/PTX cells [5, 36]. Apoptosis-inducing activity of
Pae is expected to provide a novel method of chemopreven-
tion in cancer treatment. However, there is no existing re-
search which addresses the effects of Pae on prostate cancer
development. Thus, the objective of this research was to de-
termine whether Pae could inhibit prostate cancer proliferation
in vivo and in vitro and focus on its potential mechanisms.

Materials and methods

Cell lines and culture

Human prostate carcinoma cell lines (DU145 and PC-3)
were obtained from American Type Culture Collection

(Manassas, VA), maintained in RPMI 1640 (Life
Technologies, Inc., Grand Island, NY), and supplemented
with 10% fetal bovine serum (Hyclone, Logan, UT) at
37 °C in a 5% CO2 atmosphere.

Cells growth assay

Cells growth was measured by MTT assay as previously
described [21]. Briefly, the cells were seeded into 96-well
plate with a density of 2000 cells per well and subse-
quently treated with Pae (0–1000 μM, Sigma-Aldrich,
St. Louis, MO) or LY290042 (PI3K/Akt inhibitor,
Sigma-Aldrich, St. Louis, MO) for the indicated time.
After Pae treatments, the cells were centrifuged and
washed with ice-cold PBS, and liquid supernatant were
discarded. Next, the cells were lysed in ice-cold cell lysis
buffer for 15 min to prepare supernatant, and 20 μL of
MTT solution (5 mg/ml, Sigma-Aldrich, St. Louis, MO)
was added to each well; next, the cells were incubated for
additional 4 h. Finally, the addition of DMSO-induced
formation of color was detected using an ELISA plate
reader at 570 nm. Each treatment and time point had
three plates.

Fig. 1 Effects of Pae on the
viability of human prostate cancer
cells lines, PC-3 (a) and DU145
(b). Cell growth was measured by
MTT assay. Data are expressed as
the percentage of the control
treated with vehicle. IC50 of Pae
created by GraphPad Prism
(version 5.0, GraphPad Software
Inc., CA) is shown in c. Values are
shown as means ± SD,
**P < 0.01. Chemical structure of
Pae is presented in d
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Cells apoptosis assay [20]

The apoptotic rate of DU145 was tested using an Annexin-V
apoptosis detection kit from Molecular Probes, Inc. (Eugene,
OR, USA). The cells were cultured in medium containing Pae
(100, 200, and 500 μM). Following treatment, the cells were
collected and washed twice with ice-chilled PBS and then
were harvested and suspended in Annexin-V binding buffer,
and stained with FITC-conjugated Annexin-V for 10 min at
room temperature. Following the dye of propidium iodide (PI)
(1 mg/ml), the apoptotic cells were quantified analysis using a
Becton Dickinson FACS Calibur system (Becton Dickinson,
San Jose, CA, USA). Three independent experiments were
performed, and the average results were recorded.

Caspase activity assay

The cells (1 × 106 cells/ml) were incubated in medium in the
presence of Pae (200 and 500 μM) for 48 h. At the end of
treatment, the cells were centrifuged (600×g, 4 °C, 5 min) and
washed with ice-cold PBS. Later, the cells were lysed in ice-
cold cell lysis buffer (Sigma-Aldrich, USA) for 15 min and
centrifuged at 10,000×g for 10 min to separate supernatant.
Caspase activity was measured by a colorimetric caspase as-
say kit (Roche, Germany) according to the manufacturer’s
instructions. Briefly, the supernatant was incubated with the
supplied reaction buffer containing 10 mM DTT and DEAD-
pNA (caspase-3), IETD-pNA (caspase-8), or LEHD-pNA
(caspase-9) as substrates at 37 °C. Lastly, formation of p-
nitroanilide in the analytes was measured using an ELISA
microplate reader at 405 nm. The increases in activity of cas-
pase-3, caspase-8, and caspase-9 were determined by compar-
ing the results with the control.

Western blot analysis

At the end of treatment, DU145 were harvested and washed
thrice with cold PBS. Cells were lysed in ice-cold lysis buffer
containing (50 mM Tris-HCl, pH 7.4, 250 mM NaCl, 50 mM
NaF, 5 mM EDTA, 0.1% Triton X-100, 0.1 mM Na3VO4).
After centrifugation at 14,000×g for 10 min, the supernatants
were removed, and the protein levels were estimated using a
Bio-Rad protein assay (BioRad,Munich, Germany) according
to the manufacturer’s protocol. Following this, equal amounts
of proteins were denatured in SDS-PAGE buffer and subjected
to SDS-PAGE on 12% Tris-glycine gel. Membranes were
probed for the protein levels of Bcl-2, Bax, Akt, p-Akt,
mTOR, and p-mTOR using specific primary antibodies,
followed by peroxidase-conjugated secondary antibody, and
visualized by the ECL detection system (Amersham Corp.,
Arlington Heights, IL). The primary antibodies to Bcl-2,
Bax, Akt, p-Akt, and β-actin were obtained from Santa Cruz

Biotechnology, Inc. (Santa Cruz, CA). The primary antibodies
to mTOR and p-mTOR were from Abcam (Cambridge, UK).

Induction of prostate tumor in mice and pathological
examination

The study was approved by the ethics committee of the
Quzhou People’s Hospital. A total of 24 male, six-week-old
BALB/c nude mice were purchased from the animal depart-
ment of Zhejiang University. Establishment of the mice with
tumors was performed using existing methods [27]. Briefly,
the nude mice were subcutaneously injected with DU145 sus-
pension (100 μL, 8 × 107 cells/ml). The size of tumor was
measured using the following formula: V = maximal length
(mm) × (perpendicular width) (mm)2 / 2. When the tumors
reached an average size greater than 160 mm3, the animals
were randomly divided into four groups, with six in each, and
the mice were orally treated with 0.9% saline (control) or Pae
(50, 100, 200 mg/kg, dissolved in 0.9% saline) for eight con-
secutive weeks. Tumor sizes were monitored until the end of
the study. Subsequently, mice were killed and tumor tissues
were dissected, measured, and evaluated histopathologically.
The tumor tissues were embedded in paraffin and cut into
4-μm sections. These sections were then stained with hema-
toxylin and eosin and observed using a BH2 optical micro-
scope (Olympus, Tokyo, Japan).

Detection of Pae levels in mice with xenografted tumor

For quantification of Pae levels in the tumor mice, we
established an analytical method according to previously pub-
lished work [29]. Briefly, an Agilent 1200 series HPLC sys-
tem (Agilent Technologies, CA, USA) consisting of a vacuum
degasser, a quaternary pump, a column compartment, a multi-
wavelength UV detector, and Agilent Chemstation software
was employed for the present study. Additionally, an Agilent
HC-C18 column (4.6 mm × 250 mm, 5 µm) was used. The
detection was performed at a wavelength of 230 nm under a
constant temperature of 25 °C. The mobile phase consisted of
methanol (60%) and aqueous solution (40%), and the flow
rate was 1 ml/min. Injection volume was 50 μL. The valida-
tion of the methodology is shown in the supplementary mate-
rials (Figs. 1S–4S). At different times after finally oral admin-
istration (Pae, 100 mg/kg), the mice were killed, and blood
was collected. The preparation of plasma samples was con-
ducted according to published methods [29].

Statistical analysis

The in vitro study was performed in triplicate. Data were pre-
sented as means ± SD. The statistical significance of results
was evaluated by one-way and two-way analyses of variance
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(ANOVA) and by the Dunnett’s T test. A P value <0.05 was
being considered to be statistically significant.

Results

Pae decreased the growth of DU145 and PC-3 in vitro

To measure the effects of Pae on proliferation of human
prostate carcinoma cells, DU145 and PC-3 were utilized,
receiving a treatment of Pae. As shown in Fig. 1a–c, Pae
inhibited the growth of DU145 and PC-3 in the dose-
dependent and time-dependent manners. For example, af-
ter stimulation with Pae (100 and 500 μM) for 48 h,
DU145 viability decreased by approximately 21.3 and
59.5%, respectively, compared to the control group.
Moreover, Pae treatment (200 μM) resulted in a 19.6
and 30.2% decrease in DU145 and an 11.7 and 23.0%
decrease in PC-3 growth, in comparison with the untreat-
ed controls after 24 and 48 h, respectively. In addition,
IC50 of Pae is shown in Fig. 1c, and appeared that DU145
cells were more sensitive to Pae than PC3. Therefore, the
later experiments were conducted with DU145 cells.

Pae induced apoptosis of DU145 in vitro

As we observed, Pae treatment caused significant cytotoxic-
ity in prostate carcinoma cells; later testing was performed to
assess whether the inhibitory effects of Pae involved induc-
tion of apoptosis. As seen in Fig. 2, Pae caused a strong
apoptotic death of DU145 cells. For example, compared
with DU145 treated with vehicle displaying 4.6% apoptotic
cells, treatment with Pae (100 μM and 200 μM) for 48 h
resulted in 7.2 and 12.4% induction of apoptosis in DU145
cells (P < 0.01), which means the apoptotic cells population
accounts for a 1.56- to 2.70-fold increase over the control,
respectively.

Pae induced DU145 cells apoptosis
through caspase-dependent pathway

After treatment with Pae for 48 h, activities of caspase-3,
caspase-8, and caspase-9 were detected (Fig. 3). The re-
sults demonstrated Pae significantly increased caspase-3,
caspase-8, and caspase-9 activities (P < 0.01). For exam-
ple, the activity of caspase-3 increased 2.95-fold in cells
treated with 500 μM Pae compared to the control. The
activities of caspase-8 and caspase-9 increased from 100%
in the control to 168 and 142%, respectively, after treat-
ment with Pae (200 μM).

Pae treatment modulated Bcl-2 family proteins in DU145
cells

It is well known that Bcl-2 family plays a critical role in the
regulation of apoptosis by functioning as promoters (Bax) or
inhibitors (Bcl-2) of cell death process [1]. Therefore, we de-
termined effects of Pae on levels of Bax and Bcl-2 in DU145
cells. As presented in Fig. 4, expression of Bax had obviously
increased (P < 0.01), and Bcl-2 expression had significantly
decreased after treatment of Pae (P < 0.01).

Pae inactivated the PI3K/Akt pathway in DU145 cells

To investigate whether the PI3K/Akt pathway was involved in
Pae-induced apoptosis, we assessed phosphorylated-Akt (p-
Akt) levels in DU145 cells. The results in Fig. 5a, b indicate
that Akt levels were unaffected in Pae pretreated DU145,
while p-Akt levels were significantly reduced in response to
Pae treatment (P < 0.01). Similarly, the downstream of Akt
(mTOR) was unaltered in Pae pretreated DU145, while that of
p-mTOR was significantly reduced (Fig. 5c, d; P < 0.01).
Moreover, to confirm involvement of Akt pathway, a repre-
sentative PI3K/Akt inhibitor (LY290042) was used. As shown
in Fig. 5e, the cells pretreatedwith LY294002 and Pae resulted
in a distinct increase in the growth inhibition. These findings
suggest that PI3K/Akt pathway plays an important role in Pae-
induced inhibitory effects on DU145 cells.

Pae-inhibited DU145 growth in vivo

Inhibitory effects of Pae were further evaluated by examining
the growth of DU145 tumor xenografts in the nude mice. As
seen in Fig. 6b, there were no significant inhibitory effects
4 weeks after Pae treatment. However, remarkable inhibition
on the tumor growth was observed after 5 weeks of the treat-
ment (P < 0.01; Fig. 6b). Moreover, we measured the weight
of the tumor tissues. The results showed that Pae treatment
significantly reduced tumor weight (P < 0.01; Fig. 6c).
Finally, histological examination of the tumor tissues revealed
obvious tumor cell proliferation, which was significantly re-
pressed after treatment of Pae (Fig. 6a–c).

Pae has a better absorption in the nude mice with tumor
xenografts

The results in Fig. 7 indicate that Pae has a good absorbent
process in the gastrointestinal tract of nude mice. The maxi-
mum plasma concentration of Pae was 3.24 μg/mL with a
dosage of 100 mg/kg. Our result suggests that Pae has a direct
anti-tumor activity in vivo.
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Discussion

Pae is a natural compound occurring in P. moutan Sim and
Pycnostelma paniculatum K. Schum. Pae is a safe medicine
with a LD50 value of 3430 mg/kg when it is orally adminis-
tered to mice [32]. As discussed previously, Pae possesses
extensive pharmacological activities, including sedation, hyp-
nosis, anti-pyresis, analgesic, anti-oxidation, and anti-
inflammation [13]. Therefore, Pae has been on the market in
China for treating several illnesses, such as eczema, dermati-
tis, and allergic rhinitis. In recent years, a number of works
[21, 26, 28, 30, 32–34] suggest that Pae is a potent anti-
neoplastic drug for cancer therapy. In short, Pae shows signif-
icant inhibitory effects on the growth of hepatoma cell lines,
esophageal cancer cell lines, colorectal cancer cell lines, colon
cancer cell lines, gastric cancer cell lines, ovarian cancer cell

Fig. 2 Effects of Pae on the
apoptosis of DU145. DU145 cells
received Pae or vehicle treatment
for 48 h, and then Annexin V/PI
staining was performed.
Representative images of
apoptosis are shown in a
(control), b (Pae 100 μM), c (Pae
200 μM), and d (Pae 500 μM);
treatment of Pae (200 and
500 μM) significantly promoted
apoptosis of DU145 (e).
**P < 0.01 compared with the
control (Con; vehicle). Data are
expressed as the means ± SD,
n = 3

Fig. 3 Effects of Pae on activities of caspase-3, caspase-8, and caspase-9
in DU145 cells. DU145 cells were treated with Pae or vehicle (control:
Con) for 48 h. The data are expressed as the means ± SD, n = 3.
**P < 0.01 compared with Con
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lines, and colorectal cancer cell lines. These findings indicate
Pae has a wide anti-neoplastic spectrum. However, Pae’s ef-
fects on prostate carcinoma are not clearly understood. To the
best of our knowledge, this work is the only to fully emphasize
effects of Pae on human prostate cancer cell lines. In the
present study, we found that Pae inhibited the growth of
DU145 and PC-3 in dose-dependent and time-dependent
manners, and these results are consistent with previous con-
clusion research [7, 21] in human gastric cancer cell lines and
human hepatocellular carcinoma cell lines. Moreover, previ-
ous studies [21, 26, 34] noted that Pae has mild anti-tumor
activities. For instance, IC50 of Pae for treating SEG-1 and
Eca-109 cells were 57.73 and 124.77 mg/L, for treating
SKOV3 cells was 200.06 mg/L, and for treating MFC and
SGC-790 cells were 60.10 and 82.60 mg/L, respectively. In
our study, we noticed similar results as reflected by IC50 of Pae
(PC-3 858.40 μM; DU145 395.60 μM). To further confirm
anti-carcinoma activity of Pae in vivo, we examined the ef-
fects of Pae on the tumor formation in DU145-treated nude
mice. As expected, the results demonstrated that Pae reduced
tumor growth and tumor cell proliferation in vivo. Moreover,
we also found that Pae has a good absorbent process in the
gastrointestinal tract of the nude mice, which suggested Pae
has a direct anti-tumor activity in vivo.

Fig. 5 Effects of Pae on the
PI3K/Akt/mTOR pathway in
DU145 cells. DU145 cells were
treated with Pae for 48 h. a
Representative protein bands of
Akt and p-Akt; b Pae (200 and
500 μM) significantly reduced
phosphorylated status of Akt and
had no effects on expression of
Akt. c Representative protein
bands of mTOR and p-mTOR; d
Pae (200 and 500 μM)
significantly reduced
phosphorylated status of mTOR
and had no effects on expression
of mTOR; the data are expressed
as the means ± SD, n = 3.
**P < 0.01 compared with
DU145 without treatment of Pae;
e PI3K/Akt inhibitor (LY290042)
obviously inhibited the growth of
DU145 and enhanced cytotoxic
sensitivity of DU145 in response
to Pae. IC50 of Pae, LY290042,
and Pae in the combined group
were determined as 387.2, 267.8,
and 96.4 μM, respectively. The
data are expressed as the
means ± SD, n = 3

Fig. 4 Effects of Pae on the expression of Bax and Bcl-2 in DU145 cells.
DU145 cells were treated with Pae for 48 h. a The representative images
of protein bands; b Pae (200 and 500 μM) significantly reduced Bcl-2
expression and meanwhile increased Bax expression. The data are
expressed as the means ± SD, n = 3. **P < 0.01 compared with DU145
without treatment of Pae
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Although the precise mechanism of growth inhibitory ef-
fect is not clear, several studies have shown that apoptosis is
involved [26, 31]. It is believed that apoptosis is typically a
physiological process that regulates cell numbers in order to
maintain homeostasis in multi-cellular organisms. So far, two
major pathways, the death receptor pathway (extrinsic path-
way), and the mitochondrial pathway (intrinsic pathway),

have been discussed in regards to induction of cell apoptosis
[11, 12]. The extrinsic pathway is normally defined by activa-
tion of caspase-8 and caspase-3. In the intrinsic pathway, pro-
apoptotic Bax causes mitochondrial disruption and
cytochrome-c release, activating caspase-9 and its down-
stream caspase-3. Interestingly, a recent report described acti-
vation of caspase-8 through engagement of the death receptor

Fig. 6 Inhibitory effects of Pae
on DU145 induced tumor growth
in nude mice. Hematoxylin-eosin
(HE)-stained sections from
untreated control (a) showed
numerous tumor cells, and Pae
administration (100 mg/kg: b;
200 mg/kg: c) prominently
reduced the cells proliferation as
indicated by fewer numbers of the
cells (×400). Oral administration
of Pae caused a significant
reduction in both tumor volume
(d) and tumor weight (e) in the
tumor-bearing mice. The data are
expressed as the means ± SD,
n = 6. **P < 0.01 compared to the
mice receiving vehicle

Fig. 7 Mean plasma concentration-time profiles of Pae in mice plasma
after oral administration of Pae. Typical HPLC chromatograms are shown
in a (mobile phase), b (blank plasma sample), c (mobile phase spiked

with Pae), and d (plasma from mice receiving Pae administration). The
black arrows show the peaks of Pae. e Mean plasma concentration-time
profiles of Pae. The data are expressed as the means ± SD, n = 5
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can also trigger the mitochondrial pathway via a member of
the Bcl-2 family [6]. It should be noted that Pae shows induc-
tion of apoptosis via modulate caspase activity and expression
of apoptotic related proteins. For instance, Pae reduces expres-
sion of Bcl-2 and increases expression of Bax in a
concentration-related manner in gastric cancer cell lines
MFC and SGC-790 [21]. Moreover, Pae [18] has also been
shown to increase the activity of caspase-3, caspase-8, and
caspase-9 in SKOV3, HCT116, SW620, and LoVo. In the
present work, we noted that Pae significantly increased cas-
pase-3, caspase-8, and caspase-9 activity in vitro and restored
the balanced levels of Bcl-2/ Bax. These results indicate that
both extrinsic and intrinsic apoptotic pathways are involved in
Pae-mediated DU145 apoptosis.

Several studies have been performed to better understand
cellular pathways involved in Pae-mediated apoptosis.
Zhang L et al. [35] found Pae inhibits B16F10 melanoma
metastasis in vitro and in vivo via disrupting pro-
inflammatory cytokine-mediated NF-κB and STAT3 path-
ways; Horng CT et al. [15] reported Pae inhibits migration
and invasion of human chondrosarcoma via up-regulation of
miR-141 and c-Src pathway; and Li et al. [19] demonstrated
that inhibition of PGE2 synthesis and COX-2 expression are
related to Pae-induced tumor cell apoptosis. Additionally,
PI3K/Akt is an important transduction pathway that regu-
lates cell survival, proliferation, metabolism, and apoptosis
[9]. Activated PI3K causes Akt phosphorylation and transfer
from membrane to cytoplasm and nucleus, where it controls
various cellular functions through phosphorylation of key
proteins [3]. mTOR is one of the key proteins involved in
the progression of cells growth and proliferation. Activated
AKT can directly activate mTOR by phosphorylating mTOR
[3]. The roles of PI3K-Akt in tumor progression are well
established. Akt directly phosphorylates anti-apoptotic pro-
teins such as Bad at Ser136 [31]; caspase-9, as an initiator of
the mitochondrial apoptotic pathway and an important sub-
strate of Akt, could be phosphorylated and inactivated by
Akt; and the former study showed a significant correlation
between constitutive p-Akt with caspase-9 phosphorylation
in gastric tumor tissues [23]. Furthermore, several apoptosis-
related signaling pathways or proteins, such as the NF-κB
pathway, FoxO family of transcription factors, and surviv-
ing, have been affected by Akt [2, 4, 8]. In the former
research, we noted that Pae evidently exerted its ability to
suppress the promoting effects of TNF-alpha on phosphory-
lation of PI3K/Akt and activation of NF-κB pathway in
fibroblast-like synoviocytes [22]. In the present study, we
tested the effects of Pae on Akt/mTOR cascade in prostate
cancer cells. The results showed that Pae reduced the phos-
phorylated status of Akt and mTOR, and the growth inhib-
itory effects of Pae and PI3K/Akt inhibitor are synergistic,
which suggests modulation of p-Akt contributed to the in-
hibitory effects of Pae.

In summary, we conclude that Pae causes growth inhibition
and apoptosis induction in the prostate tumor cell lines. The
apoptotic alteration can be explained by the activation of ex-
trinsic and intrinsic apoptotic pathways, which is modulated
by balanced Bax/Bcl-2 and blockade of the PI3K/Akt/mTOR
cascade. Our results provide evidence that Pae may be a prom-
ising medicine for prostate tumor treatment.
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