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Accumulating epidemiological data suggest that Asian men have lower incidences of prostate cancer
and benign prostate hyperplasia (BPH) compared with American and European populations and may
have benefited from their higher intake of phytoestrogens in their diet. However, how these
phytochemicals affect prostatic diseases is still unclear. In this study, we isolated six lignans from a
plant, Campylotropis hirtella (Franch.) Schindl., which has been used as a folk medicine for treatment
of BPH in China, through bioassay guided fractionation. They were dehydrodiconiferyl alcohol (C1),
4-[(-6-hydroxy-2,3-dihydro-1-benzofuran-3-yl)methyl]-5-methoxybenzene-1,3-diol (C2), erythro-guai-
acylglycerol-�-O-4′-coniferyl ether (C3), threo-guaiacylglycerol-�-O-4′-coniferyl ether (C4), secoiso-
lariciresinol (C5), and prupaside (C6), where C2 was identified as a new lignan analog. Their IC50

values for inhibition of prostate specific antigen (PSA) secretion were 19, 45, 110, 128, 137, and 186
µM, respectively, from C1 to C6 in LNCaP cells. Further study showed that C1-5 down-regulated
cellular PSA expression and C1-4 also decreased androgen receptor (AR) expression in LNCaP
cells. Furthermore, we investigated the proapoptotic effect of C1 on LNCaP cells. The active forms
of caspase 3 associated with the specific proteolysis of poly (ADP-ribose) polymerase (PARP) were
detected, and the antiapoptotic protein Bcl-2 was down-regulated after the treatment with C1. These
results collectively indicated that these lignans may have chemopreventive or therapeutic actions for
prostate cancer through suppressing AR signaling pathway and inducing apoptosis.
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INTRODUCTION

Prostate cancer (PCa) is the most common malignancy in
American men and second only to lung cancer in deaths (1).
Despite the initial efficacy of androgen deprivation therapy, most
patients eventually progress to hormone-refractory PCa, for
which there is no curative therapy (2). Presently, more and more
attentions begin to focus on the phytotherapeutic agents that
may be more effective and safer (3, 4). Growing epidemiological

data have reported that Asian men are less susceptible to BPH
and PCa than Europeans and Americans, which may be due to
their high dietary intake of phytoestrogens (5, 6). Phytoestrogens
are widely distributed in plants and mainly fall into the three
categories (i.e., isoflavones, lignans and flavornoids). The
epidemiological evidence suggests that there may be some
phytoestrogenic compounds in natural products that may
be effective in chemoprevention or treatment of PCa and BPH.
Our group previously has obtained a series of active flavonoids
from Brassica napus L. pollen, which have a suppressive effect
on prostate specific antigen (PSA) secretion in the androgen-
dependent prostate cancer cell line LNCaP cells (7). In the
present study, we further investigated the active constituents
derived from a plant, Campylotropis hirtella (Franch.) Schindl,
belonging to the family of leguminosaea, which has been used
in traditional medicine for the treatment of BPH in China.
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Previous studies on this plant have reported that it contains
tannins, steroids, and triterpenes compounds (8, 9). However,
the nature of the compounds involved in regulation of PSA
secretion remains unknown.

PSA is a well-accepted clinically marker for the diagnosis
and prognosis of prostate diseases. It is also a functional
biomarker of androgen receptor (AR) activation (10). AR
functions as an androgen-inducible transcription factor. After
its interaction with androgen, the AR is activated and translo-
cated into the nucleus to regulate its target genes transcription.
The AR/androgen signaling pathway plays critical roles in both
normal prostate physiology and prostate derangement. Removal
of androgen action on the prostate is the common therapy for
both BPH and androgen-dependent PCa (11). More importantly,
in many androgen-independent PCa cases, AR can be activated
by low concentrations of androgens and other coactivators (12).
This implies that AR itself could still mediate androgen-
independent progression. Therefore, disrupting AR signaling is
a particularly attractive approach to treat PCa. Recently, many
approaches have been used to suppress AR expression or to
block AR-mediated signaling, including antibodies (13), AR
dominant negative factors (14), and small interfering RNAs
(15, 16). These studies have further demonstrated that cell
proliferation is inhibited by AR down-regulation. Thus, in this
study, we further investigated the effects of these active
compounds on cellular PSA and AR expression in LNCaP cells
and their inhibition on the cell growth.

MATERIALS AND METHODS

Plant Material. Fresh roots of Campylotropis hirtella were collected
from Kunming, Yunnan province, China, in October, 2004, and
authenticated by Associate Professor Junkui Cai, Chinese Academy of
Sciences in Kunming. A voucher specimen was kept in the Key
Laboratory for Research and Development of New Drugs, Shenzhen
518057, China.

Extraction and Isolation. Dried roots of the plant (15 kg) were
ground and extracted with 60% EtOH three times. After evaporation
of the solvent in vacuo, the residues (900 g) were resuspended in water
and partitioned with EtOAc and n-BuOH, successively. Three fractions
were obtained as EtOAc-soluble, n-BuOH-soluble, and water-soluble
fractions. The EtOAc-soluble fraction showed strong activity in
decreasing the secretion of PSA in LNCaP cells compared to the two
other extracts (data not shown). Thus, the EtOAc-soluble fraction was
further subjected to open column chromatography on silica gel with
elution by a CHCl3-MeOH gradient (100:0f0:100), which resulted
in 11 fractions by TLC analysis. Among these fractions, fractions 2∼7
showed various degrees of inhibitory ability on PSA secretion (data
not shown). The most active fractions 4 and 6 were passed through an
open Sephadex LH-20 column with CHCl3-MeOH (1:1) as an eluent
and then chromatographied on an open ODS column with MeOH-H2O
as an eluent (3:7f9:1). The eluents of 50% MeOH were further purified
by ODS preparative HPLC (45% MeOH) after being subjected to
analytical ODS HPLC with solvent MeOH-H2O (3:7f9:1), which
yielded compound 6 (C6) (6 mg) from fraction 4 and compounds 1
(C1) (23 mg), 2 (C2) (5 mg), 3 (C3) (30 mg), 4 (C4) (20 mg), and 5
(C5) (10 mg) from fraction 6.

Open column chromatography was carried out on silica gel H60
(Qingdao Haiyang Chemical Group Corp., Qingdao, China), Sephadex
LH-20 (Amersham Biosciences AB) and ODS (60-80 µm, Merck),
which were used as packing materials, and operated under the common
pressure and room temperature conditions. Silica gel G254 was used
for analytical TLC with developing solution acetone-cyclohexane (3:
7f1:1), and the color reaction was carried out using 10% H2SO4 in
ethanol under heating condition. The analytical and preparative HPLC
were performed on a Shimadzu Pak with a UV detector using a Shim-
pack VP-ODS column (4.6 mm × 250 mm) and a Shim-pack PREP-

ODS column (10 mm × 250 mm), respectively. The flow rate was 1
mL/min for analysis and 10 mL/min for preparation; the temperature
of both columns was 28 °C.

Identification of Isolated Lignans. All isolated lignans were
elucidated by spectroscopic methods including optical rotation, UV
spectra, ESI-MS, NMR, and HR-ESIMS. The known compounds were
further confirmed by comparison with previously reported data. Optical
rotations were measured using a Jasco P-1020 polarimeter. UV spectra
were obtained with a Shimadzu UV2301PC UV-vis recording spec-
trophotometer in MeOH. NMR spectra were determined on a Bruker
AVANCE 400 NMR spectrometer (400 MHz for 1H, 100 MHz for
13C) with TMS as the internal standard. ESI-MS spectra were performed
on a Bruker Esquire 2000 mass spectrometer, and HR-TOF-MS spectra
were obtained on a Micromass Q-TOF mass spectrometer.

Dehydrodiconiferyl Alcohol (C1). C20H22O6; pale yellow needle
crystal. [R]D26 -2.4° (c ) 0.1 MeOH). ESI-MS: m/z 381 [M + Na]+.
UV (CH3OH) λmax nm: 277 nm (log ε 4.54). 1H NMR (400 MHz, in
CD3OD): δ 6.94 (3H, m, H-2, 2′, 6), 6.82 (1H, dd, J ) 2.0, 8.2 Hz,
H-6′), 6.76 (1H, d, J ) 8.2 Hz, H-5′), 6.53 (1H, d, J ) 15.8 Hz, H-7),
6.22 (1H, td, J ) 5.8, 16.0 Hz, H-8), 5.52 (1H, d, J ) 6.3 Hz, H-7′),
3.48 (1H, dd, J ) 6.3, 12.4 Hz, H-8′), 4.18 (2H, dd, J ) 1.4, 5.8 Hz,
H-9), 3.80 (2H, m, H-9′), 3.80 (3H, s, H-2-OCH3), 3.86 (3H, s,
H-3′-OCH3).

erythro-Guaiacylglycerol-�-O-4′-coniferyl Ether (C3). C20H24O7;
buff oil. [R]D25 -1.1° (c ) 0.1, MeOH). ESI-MS: m/z 399 [M + Na]+,
m/z 375 [M - H]-. UV (CH3OH) λmax nm: 265 nm (log ε 4.45). 1H
NMR (400 MHz, in CD3OD): δ 7.01 (1H, d, J ) 2.0 Hz, H-2), 6.98
(1H, brs, H-2′), 6.86 (2H, brs, H-5′), 6.83 (1H, dd, J ) 8.0, 2.0 Hz,
H-6), 6.72 (1H, d, J ) 8.0 Hz, H-5), 6.50 (1H, dt, J ) 15.9, 1.4 Hz,
H-7′), 6.22 (1H, dt, J ) 15.9, 5.8 Hz, H-8′), 4.82 (1H, overlapped,
H-7), 4.35 (1H, m, H-8), 4.18 (2H, dd, J ) 5.8, 1.4 Hz, H-9′), 3.80
(2H, m, H-9), 3.80 (6H, s, H-3,3′-OCH3).

threo-Guaiacylglycerol-�-O-4′-coniferyl Ether (C4). C20H24O7; buff
oil. [R]D25 +1.0° (c ) 0.1, MeOH). ESI-MS: m/z 399 [M + Na]+,
m/z 375 [M - H]-. UV (CH3OH) λmax nm: 264 nm (log ε 4.19). 1H
NMR (400 MHz, in CD3OD): δ 7.04 (1H, d, J ) 1.8 Hz, H-2′), 7.02
(1H, d, J ) 1.7 Hz, H-2), 7.00 (1H, d, J ) 8.3 Hz, H-5′), 6.90 (1H, dd,
J ) 8.3, 1.8 Hz, H-6′), 6.85 (1H, dd, J ) 8.1, 1.7 Hz, H-6), 6.75 (1H,
d, J ) 8.1 Hz, H-5), 6.52 (1H, brd, J ) 15.9 Hz, H-7′), 6.25 (1H, td,
J ) 15.9, 5.9 Hz, H-8′), 4.87 (1H, d, J ) 5.8 Hz, H-7), 4.29 (1H, m,
H-8), 4.20 (2H, br d, J ) 5.9 Hz, H-9′), 3.72 (1H, dd, J ) 11.9, 4.0
Hz, H-9), 3.46 (1H, dd, J ) 11.9, 5.4 Hz, H-9), 3.86 (3H, s, H-3-
OCH3), 3.81(3H, s, H-3′-OCH3).

Secoisolariciresinol. (C5). C20H26O6; buff oil. ESI-MS: m/z 385 [M
+ Na]+, m/z 361 [M - H]-. UV (CH3OH) λmax nm: 282nm (log ε
3.72). 1H NMR (400 MHz, in CD3OD), δ 6.65 (2H, d, J ) 8.0 Hz,
H-5, 5′), 6.58 (2H, d, J ) 1.8 Hz, H-2, 2′), 6.54 (2H, dd, J ) 1.8, 8.0
Hz, H-6, 6′), 3.58 (4H, t, J ) 4.4 Hz, H-9, 9′), 3.73 (6H, s, H-3,3′-
OCH3), 1.90 (2H, m, H-8, 8′), 2.65 (2H, dd, J ) 7.0, 13.8 Hz, H-7,
7′), 2.55 (2H, dd, J ) 7.7, 13.8 Hz, H-7, 7′).

5, 5′-Dimethoxylariciresino (C6). C22H28O8; colorless needle crystal.
[R]D23 +4.2° (c ) 0.03,MeOH). ESI-MS: m/z 443 [M + Na]+, m/z
419 [M - H]-. UV (CH3OH) λmax nm: 271 (log ε 3.38). 1H NMR
(400 MHz, in CD3OD): δ 6.62 (2H, s, H-2, 6), 6.50 (2H, s, H-2′, 6′),
4.76 (1H, d, J ) 6.8 Hz, H-7), 4.00(1H, dd, J ) 6.4, 8.4 Hz, H-9′),
3.85 (1H, overlapped, H-9), 3.81 (12H, overlapped, H-3, 5, 3′,
5′-OCH3), 3.74 (1H, dd, J ) 6.0, 8.4 Hz, H-9′), 3.65 (1H, dd, J ) 6.6,
8.4 Hz, H-9), 2.92 (1H, dd, J ) 4.8, 13.4 Hz, H-7′), 2.72 (1H, m,
H-8′), 2.48 (1H, dd, J ) 11.3, 13.4 Hz, H-7′), 2.38 (1H, m, H-8).

Bioassays. Cell Culture and Test Compounds Preparation. LNCaP
cell line was a gift from Dr. Xianpin LU (Shenzhen Chipscreen
Biosciences Ltd. and Research Center for Small Molecule Drug, China).
The cells were maintained at 37 °C in RPMI 1640 (Gibco, CA)
supplemented with 10% heat-inactivated FBS, 100 U/mL penicillin-
streptomycin (Hyclone, UT). The isolated compounds(C1-6) were
dissolved in DMSO to obtain the desired concentrations.

MTS Assay. Cell viability was measured using the MTS (3-[4,5-
dimethylthiazol-2-yl]-5-[3-carboxymethoxyphenyl]-2-[4-sulfophenyl]-
2H-tetrazolium) proliferation assay kit (Promega) as described by the
manufacturer. After the cells were treated with the test compounds for
the designated time, the culture medium was completely discarded, and
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60 µL/well of solution was added, which consisted of 1.1 mL of 2
mg/mL MTS (Promega, WI) solution, 55 µL of 0.92 mg/mL PMS
(Sigma Chemical Co, Germany) solution, and 5.5 mL of 5% FBS/
RPMI 1640. They were incubated for another 1.5 h at 37 °C in the
dark, and the ODs were measured at a wavelength of 490 nm.

Detection of Secreted PSA by ELISA. 10 000 cells were seeded
in 96-well plates and cultured for 2 days. The cells were subsequently
incubated with 4-5 different concentrations of each test compound
for another 48 h. The secreted PSA in the medium was detected by
ELISA, as previously described (7). In brief, ELISA 96-well plates
(Costar) were first coated with rabbit antibody to human PSA
(Biodesign, NY) overnight at 4 °C. The plates were then blocked with
1% BSA for 1 h at 37 °C. After washing with PBST, the medium and
various concentrations of standard PSA were added and incubated at
37 °C for 2 h. Then, the plates were added with monoclonal antibody
to human PSA (Biodesign, NY) and incubated for 1 h at 37 °C, followed
by secondary antibody Goat-Anti-Mouse Ig(H+L)-HRP (Southern
Biotechnology Associates, AL) incubation at 37 °C for 30 min. Finally,
the plates were developed with substrate solution (1 mL of 1% OPD,
9 mL of substrate buffer, and 15 µL of H2O2) for 10 min. The reaction
was stopped by adding 1 M H2SO4, and the optical densities (ODs)
were measured at a wavelength of 490 nm on a microplate spectro-
photometer (Molecular Devices Corp.). The mean absorbance value
(OD490) for each set of reference standards, controls, and samples was
calculated. A standard curve was constructed by plotting the mean
absorbance of each reference standard against its concentration in
nanograms per milliliter. The absorbance values were placed on the y
axis and concentrations on the x axis. The mean absorbance values for
each specimen were used to determine the corresponding concentration
of PSA in nanograms per milliliter from the standard curve. The
calculated concentrations were further normalized to MTS OD values,
which offset the possible influence on PSA resulted from cytotoxicity
of the tested compounds. The final results were represented as the ratio
of PSA released from the compound-treated cells over that of the
vehicle-treated cells. Each data point represented the mean and standard
deviation of triplicate experiments.

Western Blotting Assay. Experiments were carried out as previously
described (17). Briefly, 250 000 cells were seeded in 6-well plates. After
48 h, different concentrations of test compounds were added, and the
cells were incubated for the designated time. The medium was removed
completely, and the cells were collected. The collected cells were then
added with 30∼50 µL of lysis buffer containing 50 mM Tris-HCl (pH
8.0), 150 mM NaCl, 1% NP40, 0.5% deoxycholate, 0.1% SDS, and
protease inhibitors (1 µg/mL aprotinin, 1 µg/mL leupeptin, and 1 mM
phenylmethylsulfonyl fluoride), resuspended, and then centrifuged to
afford cell lysates. Protein concentrations were measured using the DC
protein assay kit (Bio-Rad, CA). Equal amounts of proteins (20 µg)
were loaded into a 10% SDS polyacrylamide gel for electrophoresis
and then transferred onto a polyvinylidene difluoride membrane
(Amersham, NJ). The membrane was blocked with milk for 1 h and
then incubated with primary antibodies for 1 h at room temperature
against AR (Santa Cruz Biotechnology, CA), PSA (DakoCytomation,
Denmark), Bcl-2, Bcl-xl, Bax, Caspase-3, PARP (Cell Signaling
Technology, MA), and Actin (Santa Cruz Biotechnology), which was
used as an internal control. After incubating with appropriate secondary
antibodies, signals were visualized by enhanced chemiluminescence
(Amersham).

RESULTS

Isolation and Identification of Main Active Compounds
Which Down-Regulated PSA Secretion in LNCaP Cells from
C. hirtella. In the present study, using repeated chromatography,
we analyzed the active components from C. hirtella by bioassay
guided isolation. The root of C. hirtella was extracted with 60%
EtOH. After evaporation of the solvent, the extract was
resuspended in H2O and partitioned with EtOAc and n-BuOH,
successively. The EtOAc-soluble fraction, which showed sig-
nificant inhibition on PSA secretion in LNCaP cells (data not
shown), was subject to bioassay-guided isolation with repeated
column chromatography on silica gel, Sephadex LH-20, and
ODS and further purified by reversed-phase HPLC to obtain
compounds C1-6. C2 turned out to be a new compound.

C2 was obtained as buff oil, [R]D25 -11.1° (c 1.0, MeOH).
The HR-TOF-MS (m/z 311.0895, [M + Na]+) and NMR (in
CD3OD, Table 1) analyses revealed the molecular formula as
C16H16O5. The UV spectrum showed its absorption λmax (MeOH)
is 280 nm (log ε 3.90). In combination with the HSQC spectrum,
the 1H NMR spectrum of C2 exhibited signals of one methoxyl
group at 3.74 (3H, s), one methane proton at δ 3.34 (1H, m),
four methylene protons at δ 4.16 (1H, ddd, J ) 10.2, 3.4, 2.0
Hz), 3.87 (1H, t, J ) 10.2 Hz), 2.76 (1H, ddd, J ) 16.3, 5.6,
2.0 Hz), and 2.59 (1H, dd, J ) 16.3, 10.8 Hz), as well as five
aromatic protons. These five aromatic protons appeared as an
ABX coupling system at δ 6.31 (1H, d, J ) 2.3 Hz), 6.24 (1H,
dd, J ) 2.3, 8.3 Hz), and 6.86 (1H, d, J ) 8.3 Hz) and a pair
of meta-coupled aromatic protons at δ 6.22 (1H, d, J ) 2.4
Hz) and 5.88 (1H, d, J ) 2.4 Hz). In the 13C NMR and DEPT
spectra of C2, 16 carbon signals were observed, which were
due to one methyl (oxygenated), one methine, two methylene
(one oxygenated), five aromatic methines, and seven aromatic
quaternary carbons (five oxygenated). According to the 1H-1H
COSY spectrum, the correlations between protons for one
methylene at δ 4.16 (1H, ddd, J ) 10.2, 3.4, 2.0 Hz), 3.87 (1H,
t, J ) 10.2 Hz) and the methane proton at δ 3.34 (1H, m) and
between the methane proton and the protons for the other
methylene at 2.76 (1H, ddd, J ) 16.3, 5.6, 2.0 Hz), 2.59 (1H,
dd, J ) 16.3, 10.8 Hz) indicated the presence of a group

Table 1. 1H NMR (400 MHz) and 13C NMR (100 MHz) Data of C2 (in CD3OD)

position δH δC position δH δC

1
2 4.16(1H,ddd,J)10.2,3.4,2.0);3.87(1H,t,J)10.2) 71.0 10 2.76(1H,ddd,J)16.3,5.6,2.0);2.59(1H,dd,J)16.3,10.8) 26.1
3 3.34(1H, m) 30.6 11 104.1
4 120.5 12 160.1
5 157.0 13 6.22(1H, d,J)2.4) 92.3
6 6.31(1H, d,J)2.3) 103.6 14 157.2
7 157.9 15 5.88(1H, d,J)2.4) 96.5
8 6.24(1H, dd,J)2.3,8.3) 107.6 16 157.7
9 6.86(1H, d,J)8.3) 128.8 12-OCH3 3.74(3H, s) 55.8

Figure 1. The HMBC and NOE correlations of C2.
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-O-CH2-CH-CH2-. The above evidence suggested that C2
had a phenylpropane monomer. On the basis of the two-
dimensional NMR spectra of C2 (HMBC, HSQC, 1H-1H COSY)
and the splitting patterns of aromatic protons, most proton and
carbon signals in the structure were assigned. In the HMBC
spectrum of C2, 13C-1H long-range correlation signals (Figure
1A) for δ 6.31(H-9)/δ 30.6 (C-3) and δ 4.16, 3.87 (H-2a, b)/ δ

157.0 (C-5) were observed, in combination with the unsaturation
degree, which suggested the group -O-CH2-CH-CH2- was
looped with the ABX coupling system phenyl and formed a
benzodihydrofuran group. Furthermore, the 13C-1H long-range
correlation between δ 2.76, 2.59 (H-10a, b) and δ 104.1(C-11)
supported that the benzoterahydrofuran unit was linked to the
meta-coupled pattern phenyl at δ 104.1(C-11) through the
exocyclic methylene. In the NOESY spectrum of C2, the
methoxyl group at 3.74 (3H, s) correlated with δ 6.22 (H-13)
but not δ 5.88 (H-15) (Figure 1). According to HMBC
correlation, the methoxyl group was attached to δ 160.1.
Therefore, the carbon signal δ 160.1 should be assigned at C-12
but not at C-14. A strong 13C-1H long-range correlation signal
between H-13 and δ 157.2 was observed, whereas no correlation
between H-13 and δ 157.7 was found. Thus, δ 157.2 was
assigned at C-14, and δ 157.7 was assigned at C-16. In
combination with the molecular weight, the other four oxygen-
ated aromatic quaternary carbons were hydroxyl-substituted. So,
all proton and carbon signals in the structure were assigned,
and C2 was deduced as 4-[(-6-hydroxy-2,3-dihydro-1-benzo-
furan-3-yl)methyl]-5-methoxybenzene-1,3-diol.

The other five lignans have been also isolated from other
plants (18–23). They were identified by means of similar
analysis described above and comparison with their previ-
ously reported data (18–23). Their structures were dehyd-
rodiconiferyl alcohol (C1) (18), erythro-guaiacylglycerol-�-
O-4′-coniferyl ether (C3) (19–21), threo-guaiacylglycerol-
�-O-4′-coniferyl ether(C4) (19–21), secoisolariciresinol (C5)
(22), and prupaside (C6) (23) (Figure 2). All these known
compounds were reported to be present in this plant for the
first time.

Effect of the Isolated Compounds on PSA Secretion in
LNCap Cells. The effects on PSA secretion in LNCaP cells
have been suggested to be correlated with the response of
treatment of prostate diseases (7). In this study, we resorted to
PSA secretion as a parameter for selecting active compounds

Figure 2. Five known lignans isolated from Campylotropis hirtella (Franch.) Schind. and testosterone.

Figure 3. Six lignans inhibited the secretion of PSA in LNCaP cells. (A)
The results were shown as a percentage of solvent control and represented
as mean ( sem of the tested compounds from triplicate of experiments.
(B) The values of IC50 of inhibition in PSA secretion, which were derived
from the dose-dependent action trend of the correspondent compounds
in A.
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from C. hirtella. Considering that high level of cell cytotoxicity
will complicate the interpretation of the results, we used various
concentrations of the test compounds to ensure no high
cytotoxicity is induced. In addition, the detected PSA concentra-
tion data were normalized to cell viability in order to eliminate
the influence caused by different cell numbers, which may result
from the subtle cytotoxicity of tested compounds. The six
lignans (C1-6) all inhibited PSA secretion in a dose dependent
manner, as shown in Figure 3A. Their IC50 values ranged from
about 19 to 190 µM (Figure 3B). Their relative activities
appeared to be C1 > C2 >C3 >C4 >C5 > C6 ranging from
stronger to weaker, as indicated. With respect to their structures,
C1 and C2 both have a benzoterahydrofuran unit, C3 and C4
are stereomers, and all of them contain phenylpropane groups.

Though these compounds exhibited common characteristics
structurally, modifications in other structures may contribute to
their different effects on PSA secretion.

Effect of the Compounds on Cellular PSA and AR
Expression in LNCap cCells. PSA is well-known to be
regulated by AR. When androgen binds to AR, it will be
activated and will interact with androgen response elements
in the promoters of target genes such as PSA, regulating the
transcription of target genes (10). In LNCaP cells, AR is
mutated but remains functional (24). Since these lignan
compounds decreased PSA secretion, we hypothesized that
they may also decrease cellular PSA expression, which may
indicate the suppression of AR transcriptional activity.
Therefore, we further investigated cellular PSA and AR

Figure 4. Western blot analysis of PSA and AR expression levels in LNCaP cells treated with the six lignans. The Actin protein band was used as a
loading control and for normalization. The graphs show the normalized densitometric results in percentage of control (no treatment).
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proteins in LNCaP cells in response to these compounds by
Western blotting assay. The concentrations of the compounds
used were mostly similar with those used in ELISA. Figure
4 showed that C1-5 down-regulated PSA expression. In
addition, C1-4 further suppressed AR expression. However,
C6 has no perceivable effect on either cellular PSA or AR
expression. These data suggested that the compounds with
stronger activity on inhibition of PSA secretion also signifi-
cantly affected cellular PSA and AR expression.

C1 Inhibited LNCap Cell Proliferation and Induced
Apoptosis. Several previous studies have indicated that AR
downregulation results in significant cell growth inhibition and
increase in apoptotic cells (13–16). To investigate whether these
lignans also affect cell proliferation, we focused on C1, which
was most effective in the above assays, and studied its
antiproliferation and proapoptosis on LNCaP cells. As shown
in Figure 5, C1 significantly inhibited cell proliferation in a
dose- and time-dependent manner by the MTS assay. The value
of IC50 for 48 h treatment was 18.3 µg/mL (51 µM). To further
investigate whether the antiproliferation effects of C1 were
caused by its activation of the apoptosis pathway, we examined
the cleavages of caspase 3 and poly (ADP-ribose) polymerase
(PARP). As shown in Figure 6, cleaved caspase 3 and PARP
were detected in a dose- and time-dependent manner. Further-
more, several key apoptosis related proteins were also evaluated
after the treatment with C1, and we found that (Figure 6) the
antiapoptotic protein Bcl-2 was down-regulated, while there was
no obvious effect on the levels of protein Bcl-xl and Bax, which
indicated that C1 could decrease the ratio between Bcl-2 and
Bax. These results suggested that C1 induced apoptosis and
finally resulted in cell death.

DISCUSSION

In this study, we first found that a new lignan analog (C2)
and five known lignans (C1, C3-6) from C. hirtella inhibited
PSA secretion in LNCaP cells. Furthermore, most of these
compounds down-regulated cellular PSA and AR expression.
These results provided evidence for the first time that lignans,
as a major subtype of phytoestrogens, can suppress AR
function signaling. In addition, C1 significantly inhibited
LNCaP growth and possibly through induction of apoptosis.
These results are consistent with the recently established
notion that AR downregulation results in prostate cancer cell
growth inhibition (25).

PSA is a marker widely used clinically for detecting PCa. A
post-therapeutic decline in PSA also supports the prognostic
outcome of the treatment for PCa (26). PSA itself exhibits
biological functions. Previous studies indicated that, in the tumor

microenvironment, PSA could potentially cleave a number of
proteins that are involved in inhibiting PCa genesis and
progression (27–30). Therefore, the decrease of circulating PSA
level in PCa patients indicates suppression of PCa growth. In
this study, all six tested lignans inhibited PSA secretion from
LNCaP cells. These results indicate that these compounds may
also decrease PSA level in vivo and may have positive effects
on PCa.

It is critical to understand the mechanisms by which these
compounds inhibit PSA secretion. Whether cellular PSA is
also down-regulated is a conceivable reason. Given that PSA
expression in cells is controlled by AR transcription activity,
down-regulation of PSA may suggest that these compounds
may also have effects on AR function. More importantly,
AR signaling exerts crucial roles in the etiology of PCa and
is an important target for the treatment of BPH and PCa (12).
For BPH and early PCa, which are androgen-dependent,
reducing the levels of circulation androgens to suppress AR/
androgen signaling is an effective treatment choice. For
example, finasteride, a 5R-reductase inhibitor, which prevents
conversion of testosterone to its more active form 5R-
dihydrotestosterone (DHT) in the prostate, is an effective drug
for a significant proportion of BPH patients. Androgen
deprivation is also an effective therapeutic strategy for early
PCa. However, most PCa patients eventually develop androgen-
independent tumors that are resistant to this form of therapy.
A significant body of evidence has suggested that in many
androgen-independent PCa cases, AR is highly expressed and
hypersensitive to low, castrated-level of androgens or even
can be activated by nonandrogens to induce tumor cell
growth. Therefore, the strategy targeting the inactivation of
AR function is particularly attractive to treat hormone
refractory prostate tumors. On the basis of these observations,
we examined the cellular PSA and AR expression levels in
the LNCaP cells and found that the expression of both were
down-regulated by most of the compounds tested, which
suggested that the AR signaling pathway was suppressed by
these compounds. It is interesting that the most potent C1
and C2 both have a benzoterahydrofuran unit, which is similar
to testosterone as indicated in Figures 1 and 2. We propose
that this similarity may contribute to their potential effects
on AR function. In addition, C3 and C4 were different in
their configurations, which may explain their different
activities. C6 had no obvious effect on cellular PSA and AR
expression, which may lead to its weak inhibition of PSA
secretion. Alternatively, this may be resulted from other
changes on cell membrane kinetics or cell situations.

Figure 5. Cell viability of C1 examined by the MTS assay. Results
represented the OD ratio between the treated and untreated cells. Each
data point is represented by mean ( standard deviations.

Figure 6. Effect of C1 on the expression of apoptosis-related proteins.
Apoptosis-related protein expression in LNCaP cells was examined by
Western blotting after treatment with 30 µg/mL C1 for four time points
and four concentrations of C1 for 24 h.
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Despite these results, whether these compounds inhibit cell
proliferation is a key question. We focused on C1, which had
the highest activity on AR inhibition, and studied its effects on
LNCaP cells proliferation. As expected, C1 significantly inhib-
ited cell growth. Moreover, it also induced apoptosis. These
results provided further evidence that AR down-regulation could
inhibit prostate cancer cell growth, as indicated by several
previous publications (13–16, 25).

Actually, lignans are rich in a variety of dietary sources
such as in most cereals, fruits, and vegetables in traditional
Asian diets (31). Increasing epidemiological evidence sug-
gested that different contents of phytoestrogens in the diet
between Eastern and Western cultures may be one of the
reasons for the dramatic difference in the incidence of PCa
and possibly BPH (32, 33). Previous studies have suggested
that lignans play a role in the prevention and treatment of
PCa, including antiproliferative activity, inhibition of human
aromatase, 17-hydroxysteroid dehydrogenase, and 5R-reduc-
tase, antioxidant activity, and modulatin of cellular growth
factors (34). However, there was no definite evidence
showing that lignans had effects on AR function. Our present
results provided new insight that lignans could suppress the
AR signaling pathway. Though limited to only several
lignans, the data provided some molecular evidence to support
that lignans may exert their affects on PCa and possibly also
on BPH through suppression of AR pathway.
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