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Objective. To investigate the phytoestrogenic and phytoandrogenic activities of compounds isolated fromCS and uncover the role of
CS in prevention of oestrogen/androgen-induced BPH.Methods. Cells were treated with CS compounds, and immunofluorescence
assay was performed to detect the nuclear translocation of ER𝛼 or AR in MCF-7 or LNCaP cells; luciferase reporter assay was
performed to detect ERs or AR transcriptional activity in HeLa or AD293 cells; MTT assay was performed to detect the cell
proliferation of MCF-7 or LNCaP cells. Oestrogen/androgen-induced BPH model was established in rat and the anti-BPH, anti-
estrogenic, and anti-androgenic activities of CS in vivo were further investigated. Results. The nuclear translocation of ER𝛼 was
stimulated by nine CS compounds, three of which also stimulated AR translocation. The transcriptional activities of ER𝛼 and ER𝛽
were induced by five compounds, within which only ECG induced AR transcriptional activity as well. Besides, ECG stimulated
the proliferation of both MCF-7 cells and LNCaP cells. CS extract suppressed oestrogen/androgen-induced BPH progress in vivo
by downregulation of E2 and T level in serum and alteration of the expressions of ER𝛼, ER𝛽, and AR in the prostate. Conclusion.
Our data demonstrates that compounds from CS exhibit phytoestrogenic and phytoandrogenic activities, which may contribute to
inhibiting the oestrogen/androgen-induced BPH development.

1. Introduction

Cynomorium songaricum (CS) is a traditional Chinese
medicine (TCM) that has been practically used for treat-
ment of hormone deficient diseases, including sexual dys-
function, infertility, deficient kidney function, and prostatic
diseases for hundreds of years [1–3]. A variety of compounds
isolated from CS have been identified and classified as
pentacyclic triterpene, flavonoid, flavonoid glycoside, and
anthraquinones (Figure 1) [4, 5]. However, the mechanism
by which CS and its compounds regulate estrogen and/or
androgen signaling remains unclear.

It has been reported that natural compounds may
exhibit phytoestrogenic activity through multiways such as
induction of estrogen receptor (ER) nuclear translocation,
stimulation of ER transcriptional activity, and promotion
of estrogen-dependent cell proliferation, thereby behaving
like estradiol [6, 7]. Phytoestrogens participate in estrogen-
related signaling as either ER antagonists or agonists and thus
are called selective estrogen receptor modulators (SERMs). It
has been reported that phytoestrogens have protective effects
against breast cancer, prostate cancer, and cardiovascular
diseases [8]. Comparison to that of phytoestrogens identifi-
cation of phytoandrogenic activity from natural compounds
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Figure 1: Chemical structures of compounds isolated from Cynomorium songaricum (CS).

is arising recently [9]. Concerning the potential treatment for
androgen-regulated diseases like benign prostatic hyperpla-
sia and prostate cancer, several natural compounds have been
recognized as agonists or antagonists against androgens [10–
15], and display the tissue-selective activation of androgenic
signaling [16], which are so called selective androgen receptor
modulators (SARMs) by competitively binding to androgen
receptor (AR).

Benign prostatic hyperplasia (BPH) is an age-related
common disease in older men [17], in which both androgen
and estrogen signaling [18, 19] are involved via their specific
receptors. Studies from different groups have showed that
ER𝛼 (one subtype of ER) and AR are overexpressed in BPH
tissues and knocking down either of them significantly blocks

BPH progression in vivo [20, 21], indicating their positive
roles for BPH development [22, 23]. On the other hand, ER𝛽
(the other subtype of ER) exhibits antiproliferation activity
that suppresses BPH development as a negative factor in the
prostate [24]. Therefore, downregulation of ER𝛼 and AR or
upregulation of ER𝛽 could become effectiveways and hopeful
targets that contribute to BPH therapeutics.

CS is an important anti-BPH herbal medicine in China
[25], while the mechanism is still uncovered well. Here
we first analyzed the phytoestrogenic and phytoandro-
genic activities of compounds isolated from CS and then
investigated whether the anti-BPH effect of CS in oestra-
diol/testosterone (1 : 100)-induced BPH was due to interfer-
ence with androgen and/or estrogen signaling.
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2. Materials and Methods

2.1. Extract andCompounds. Cynomorium songaricum extract
was prepared by desiccation after reflux with 70% ethanol.
Ferulic acid (FA), cynaroside (Cyn), ursolic acid (UA),
gallic acid (Gal), protocatechualdehyde (Pal), protocatechuic
acid (Pac), luteolin (Lut), rutin (Rut), epicatechin gallate
(ECG), naringenin-4-O-b-D-glucopyranoside (Nar), phlo-
rizin (Phl), chrysophanol (Chr), emodin (Emo), physcion
(Phy), catechin (Cat) were isolated from the extract as pre-
viously described [26]. Chemical structures of compounds
were shown in Figure 1.

2.2. Reagents and Plasmids. Dihydrotestosterone (DHT) was
purchased from Solarbio (Beijing China). 17𝛽-estradiol (E2)
and Tamoxifen (Tam) were obtained from Sigma-Aldrich.
Lipofectamine� 2000 Transfection Reagent was from life
technologies (USA). Hoechst 33342 was purchased from Cell
Signaling Technology (USA). RPMI 1640 was purchased
from Sigma (USA). Fetal Bovine Serum was from Hyclone
(New Zealand). Charcoal stripped FBS was from Biological
Industries (USA). Dual-Luciferase�Reporter Assay was from
Promega (USA).

Mammalian ER𝛼, ER𝛽, and AR expression vectors and
the estrogen response element (ERE) and the androgen
response element luciferase reporter plasmids pTk-ERE-luc
and pTk-ARE-luc were gifts from Dr. ZhuYan (Tufts Medical
Center, Boston, USA) and Dr. J. Zhang (Nankai University,
Tianjin, China) separately. pTk-Renilla was purchased from
Promega.

2.3. Cell Culture. MCF-7 cells were obtained from professor
Zhang (PekingUniversity, Beijing). Hela cells were purchased
from Institute of Biochemistry and Cell Biology (Shanghai,
China). MCF-7 cells and HeLa cells were maintained in
DMEM supplemented with 10%, 100 units/mL penicillin,
and 100 𝜇g/𝜇L streptomycin. LNCaP and AD293 cells were
obtained from professor Zhang Ju (Nankai University, Tian-
jin) and maintained in RPMI 1640 supplemented with
10% (v/v) fetal bovine serum (FBS) (HyClone, New Zealand),
100 units/mL penicillin, and 100𝜇g/𝜇L streptomycin. In
experiments requiring androgen or estrogen or compound
stimulation, cells were cultured in phenol red-free medium
supplemented with 10% charcoal stripped FBS.

2.4. Immunocytofluorescence Imaging. MCF-7 cells were
plated into 96-well plates and cultured in phenol red-free
DMEM plus 1% charcoal-treated FBS. After culture for
24 h, cells were treated with Tam (100 nM) or compounds
(100 nM) for 6 h. And then cells were fixed, permeabilized,
and incubated with an ER𝛼-antibody (SC-8002, Santa Cruz,
dilution 1/200), and Alexa Fluor� 488 anti-mouse antibody
[27]. LNCaP cells were cultured on poly-D-lysine-coated
cover wells in phenol red-free RPMI 1640 plus 1% cs-FBS
overnight and treated with compounds for 1 h. DHT was
added to a final concentration of 10 nM. After 1 h, cells were
fixed, permeabilized, and incubatedwith an anti-AR antibody
(ab3510, Abcam, dilution 1/1000) and an Alexa Fluor 488
donkey anti-rabbit IgG (H+L) antibody [28, 29]. Nuclei were

Table 1: The experimental treatments on each group.

Group E2/T (in coin oil, s.c.) Drugs
Sham-operated 0.1mL coin oil Normal saline
BPHModel 0.1mLE2/T Normal saline
CS extract treatment 0.1mLE2/T CS extract (6 g/kg/d)

counterstained with Hoechst 33342. Images were captured
at 20x magnification using a PerkinElmer High content
screening system.

2.5. Transient Transfection and Luciferase Reporter Assay.
Hela cells were seeded in 24-well plates at a density to
become 70–90% confluent when they are attached. Transient
transfection was performed by using the Lipofectamine and
plus reagents following the manufacturer’s instructions. Cells
were cotransfected either with 0.2𝜇g ER𝛼 plasmid, 0.4 𝜇g
pERE-luc, and 0.2 𝜇g pTk-Renilla or 0.2 𝜇g ER𝛽 plasmid,
0.4 𝜇g pERE-luc, and 0.2 𝜇g pTk-Renilla per well. After
incubating for 6 h, cells were treatedwith compounds. AD293
cells were plated in 96-well plates in growth medium of
1% CD-FBS without antibiotics at a density to reach 90%
to 95% confluence at transfection. After attachment and
growth for 24 h, the cells were cotransfected with the reporter
plasmid pTk-ARE-Luc and AR. Transfection was carried
out for 18 h in serum-free, antibiotic-free RPMI 1640 media
using Lipofectamine. Luciferase activity was then assayed
after additional 24 h incubation by using the Luciferase Assay
System (Promega).The Renilla luciferase activity was used to
normalize that of firefly luciferase.

2.6.MTTAssay. Cell proliferationwas studied by usingMTT
assay. Cells were seeded (MCF-7 cells, 104/well in 24-well
plates; LNCaP cells, 8000/well in 96 wells plate) and, after
attachment, cells were treated with various concentrations of
compounds in DMSO for 72 h. OD570 values of compounds
were detected using a TECAN Infinite� 200 PRONanoQuant
multimode microplate reader.

2.7. Animals and Hormonal Manipulations. A total number
of 18Wistarmale rats (250–300 g) were obtained fromBeijing
Vital River LaboratoryAnimal TechnologyCo., Ltd. inChina.
The experiments and animal care were conducted in accor-
dance with the guidelines of the Chinese Council on Animal
Care and approved by the Tianjin University of Traditional
Chinese Medicine Animal Care and Use Committee.

BPH rat model was conducted as the previous method
[30]. In brief, 6 rats were randomly separated into a sham-
operated group, and the other 12 rats were castrated and
randomly assigned to two experimental groupswith 6 rats per
group. All rats were maintained in an animal facility under
standard laboratory conditions for 3 weeks. The specific
experimental treatments on each group were listed in Table 1.
The ratio of oestradiol benzoate and testosterone propionate
was 1 : 100 (E/T = 10 𝜇g/1000 𝜇g) [30, 31], subcutaneous daily
injection of the mixed solutions to the castrated 12 rats. As
vehicle, the sham-operated rats were daily subcutaneously
injected with 0.1mL of corn oil. CS extract was orally given
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Table 2: List of primer sequences.

Primer name Primer sequence (5-3) Annealing temperature
PCNA Forward GAGCAACTTGGAATCCCAGAACAGG 60∘C
PCNA Reverse CCAAGCTCCCCACTCGCAGAAAACT
AR Forward GCCGGACATGACAACAACCAGCC 60∘C
AR Reverse AGTGAAGGACCGCCAACCCATGG
ER𝛼 Forward GGTCATAACGATTACATGTG 60∘C
ER𝛼 Reverse TCTGTCCAAGACCAAGTTAG
ER𝛽 Forward GAGGCAGAAAGTAGCCGGAA 53∘C
ER𝛽 Reverse CGTGAGAAAGAAGCATCAGGA
GAPDH Forward ATGATTCTACCCACGGCAAG 53∘C
GAPDH Reverse CTGGAAGATGGTGATGGGTT

for 45 days. Rats were under the chloral hydrate anesthesia
and weighed 24 h after the last injection. The whole prostates
were dissected andweighed for calculating the prostatic index
(PI). One ventral lobe of the prostate was fixed in phosphate-
buffered formalin and embedded in paraffin for histological
and immunohistochemical studies. And the other ventral
lobe was stored at −80∘C for the protein and RNA extraction.

2.8. Calculation of PI. The formula for calculating the pro-
static index (PI) was as follows [30]:

PI =
gross wet weight of prostate
body weight of the whole rat

× 100%. (1)

2.9. Histological and Immunohistochemical Studies. Haema-
toxylin and eosin (H&E) staining and immunohistochemical
(IHC) staining were performed as previously described [30].
Briefly, 5 𝜇m sections of one ventral lobe of the prostate were
deparaffinized in xylene and rehydrated in a graded series of
alcohol. One 5-𝜇m section was stained with haematoxylin
and eosin (H&E) for histological examination. Another 5-
𝜇m section was using the avidin–biotin–peroxidase complex
method to process immunohistochemistry. The endogenous
peroxidase activity was blockedwith 0.3% hydrogen peroxide
at room temperature for 10min, followed by incubation with
10% serum at 37∘C for 1 hour. Sections were incubated with
primary antibody at 4∘C overnight. The primary antibody
was anti-PCNA antibody (proliferating cell nuclear anti-
gen, 1/200, Pro-tech,). Then the sections were added the
biotinylated secondary antibody at 37∘C for 1 hour, followed
by peroxidase-labelled streptavidin. The secondary antibody
was biotinylated goat anti-rabbit IgG (1/200, ZSGB-BIO).
Finally the sections were stained by the DAB (boster) and
hematoxylin, followed by dehydration and transparency in a
graded series of alcohol and dimethylbenzene.

2.10. Determination of Estradiol and Testosterone Level in
Serum. The blood samples of rats were centrifuged at
3,000 rpm for 10min at room temperature. The supernatant
of the blood samples was collected and then stored at ultra-
low temperature freezer. The concentrations of estradiol and
testosterone in serumwere determined by the enzyme-linked
immunosorbent assay [30].

2.11. Real-Time Quantitative PCR Analysis. Total RNA was
extracted from the frozen ventral lobe of the prostate tissue
using Trizol reagent (TIANGEN) according to the manufac-
turer’s protocol. Real-time quantitative PCR was carried out
with the PCR primers as Table 2.The conditions of Real-time
quantitative PCR included preheating at 95∘C for 5min, and
then followed by 39 cycles of 95∘C for 30 s, 55∘C for 30 s, and
72∘C for 30 s.ThemRNA level of relative gene expression was
determined by the comparative CT method and normalized
to the housekeeping gene GAPDH.

2.12. Western Blot Assay. Protein was extracted from the
ventral lobe of prostate for each group, and the concentration
was determined according to the manufacturer’s instructions
(BCA Protein Assay Kit,Thermo Fisher). 40𝜇g proteins were
loaded into the SDS-PAGE. Following gel electrophoresis
(SDS-PAGE), gel was transferred onto PVDF membrane
(Millipore, Billerica, MA, USA) and incubated in TBST
buffer, supplemented with 5% milk as the blocking buffer for
1 h. Next themembranewas incubatedwith primary antibod-
ies under the 4∘C rotating overnight. The primary antibodies
were PCNA (10205-Z-AP, Pro-tech, dilution 1/2000), AR
(ab3510, Abcam, dilution 1/500), ER𝛼 (SC-8002, Santa Cruz,
dilution 1/500), ER𝛽 (SC-8974, Santa Cruz, dilution 1/500),
and GAPDH (B0004-1-lg, Pro-tech, dilution 1/2000). The
PVDF membrane was washed five times with TBST and
then incubated with the appropriate secondary antibodies
conjugated to horseradish peroxidase and detected next by
Enhanced chemiluminescence.

2.13. Statistical Analysis. All results were presented as mean
± standard deviation (SD). Statistical significance was deter-
mined with One-Way ANOVA. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and
∗∗∗
𝑃 < 0.001 were considered statistically significant.

3. Results

3.1. Compounds of CS Extract Showed Phytoestrogenic Activity
In Vitro. In the absence of estrogen, ER𝛼 was distributed
throughout the cell. Following stimulation with Tam, the
nuclear staining of ER𝛼was increased dramatically. Similarly,
when treating with compounds FA, Cyn, UA, Gal, Pal,
Pae, Lut, Rut, or ECG, ER𝛼 locations in the nucleus were



Evidence-Based Complementary and Alternative Medicine 5

Nuclear Merge

Ctrl

Tam

Rut

ECG

ER𝛼

0.00
0.99

∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
∗∗∗∗∗∗

∗∗∗
∗∗∗

Ctrl Tam FA Cyn UA Gal Pal Pac Lut Rut ECG

1.00

1.01

1.02

1.03

Re
lat

iv
e fl

uo
re

sc
en

ce
 in

te
ns

ity
 o

f n
uc

le
us

 (f
ol

d 
of

 co
nt

ro
l) 

10−7 M

∗∗∗

(a)

C E2 ECG Nar Phl Chr Emo Phy Cat

∗∗∗
∗∗∗

∗∗∗

∗∗∗
∗∗∗

∗∗∗

0

50

100

150

200

250

Re
lat

iv
e l

uc
ife

ra
se

 ac
tiv

ity
 o

f E
R
𝛼

∗∗

10−n M8 7 6 7 6 7 6 7 6 7 6 7 6 7 6—

(b)

∗∗∗
∗∗∗

∗∗∗

∗∗∗

∗∗∗ ∗∗∗ ∗∗∗∗ ∗

C E2 ECG Nar Phl Chr Emo Phy Cat
10−n M8 7 6 7 6 7 6 7 6 7 6 7 6 7 6—

0

50

100

150

200

250

Re
lat

iv
e l

uc
ife

ra
se

 ac
tiv

ity
 o

f E
R𝛽

(c)

678
C E2 ECG Nar Emo

8 678

∗∗∗∗ ∗∗
∗∗∗

∗
∗

∗

10−n M— 8
C E2
— 6788

C E2
—

0

50

100

150

C
el

l v
ia

bi
lit

y 
of

 M
CF

7 
ce

lls

(d)

Figure 2: Compounds fromCS extract showed phytoestrogenic activity in vitro. (a)Visualization of intracellular ER𝛼 inMCF-7 cells (left) and
quantification of fluorescence intensity after treatment with compounds (right). (b), (c) ER𝛼 and ER𝛽 transcriptional activity were activated
after treatment with compounds. (d) The proliferation of MCF-7 cells was induced after treatment with compounds. Compare with control,
∗
𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001.

also significantly increased in MCF-7 cells (Figure 2(a)),
indicating their possible phytoestrogenic activities. Further
investigation by dual-luciferase assay showed that ECG and
Nar upregulated ER𝛼 transcriptional activity at 10−7M and
10−6M,while Phl, Chr, and Emo promoted ER𝛼 transcription
activity at 10−6M (Figure 2(b)). These results suggest that
compounds of CS extract exhibit estrogenic like activity
by facilitating ER𝛼 translocation to nuclear and activated
ER𝛼 transcriptional activity. Since not only ER𝛼, but also
ER𝛽 plays a role in estrogen-stimulated genomic effects,

we also detected the ER𝛽 transcriptional activities after
treatment with compounds. ECG and Nar upregulated ER𝛽
transcriptional activity at 10−7M and 10−6M, and Phl, Chr,
Emo, and Phy promoted ER𝛽 transcription activity at 10−6M
(Figure 2(c)). Considering the selectivity of ER𝛼 and ER𝛽
and different affinities to ER𝛼 and ER𝛽 with different con-
centrations, we thought that compounds from CS exhibit
estrogenic activities depending on different conditions. To
further confirm the effect of compounds on estrogenic like
function, we did MTT assay. As shown in Figure 2(d), ECG,
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Figure 3: Compounds from CS extract showed phytoandrogenic activities in vitro. (a) Visualization of intracellular AR in LNCaP cells when
incubated with DHT or Lut. (b) Visualization of intracellular AR in LNCaP cells when incubated with DHT, Rut, or ECG. (c), (d)The relative
fluorescence intensity of AR in nuclear was quantified after treatment with Lut, Rut, or ECG. (e) AR transcriptional activity was activated
by ECG in AD293 cells. (f) The proliferation of LNCaP cells was induced by ECG. Compare with control, ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and
∗∗∗
𝑃 < 0.001.

Nar, and Emo accelerated proliferation of MCF-7 cells as
estradiol did.

3.2. Compounds of CS Extract Showed Phytoandrogenic Activ-
ity In Vitro. We also investigated the phytoandrogenic activ-
ities of compounds from CS. In the absence of androgen, AR

wasmainly distributed in the cytoplasm of LNCaP cells. After
1 h stimulation with DHT, the nuclear staining of AR was
increased obviously. AR locations in the nucleus were also
highly increased in a dose-dependent manner when treated
with compounds Lut, Rut, and ECG (Figures 3(a), 3(b), 3(c),
and 3(d)), while FA, Cyn, UA, Gal, Pal, and Pac have no
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Figure 4: CS extract inhibited the estrogen-androgen induced-BPH progress in vivo. (a) The prostatic morphologies and (b) the prostatic
index of rats were shown and calculated in sham-operated group, BPH model, and CS groups. (c) The pathophysiology of rat prostate was
analyzed byHE staining in sham-operated group, BPHmodel, andCS groups. (d)ThemRNAand (e) protein expressions and (f) distributions
of PCNA in prostate tissues were investigated and quantified by RT-qPCR, western blot, and immunohistochemical staining. Compare with
sham-operated group, #𝑃 < 0.05, ###𝑃 < 0.001; Compare with BPH model, ∗∗𝑃 < 0.01.

obvious effects (data not shown).We also foundECG induced
ARE luciferase activity and androgen-dependent LNCaP
proliferation in a dose-dependent manner as testosterone did
(Figures 3(e) and 3(f)), while Lut and Rut have no obvious
effects (data not shown).

3.3. CS Extract Inhibited the Estrogen-Androgen Induced-
BPH Progress In Vivo. Compared with those in the sham-
operated group, the sizes and weights of the prostate in
BPH model group were significantly increased, which was
further decreased by CS administration (Figures 4(a) and
4(b)). By pathological analysis, thickness of the periglandular

smooth muscle layer and the height of the luminal cells
were significantly increased in BPH model group, which was
decreased after CS administration (Figure 4(c)). The mRNA
and protein expressions and distribution of PCNA in the
prostate were also upregulated in the BPH model group
comparing with the sham-operated group, which were then
suppressed in CS group (Figures 4(d), 4(e), and 4(f)).

3.4. Effects of CS Extract on AR and ER. Since compounds
from CS have phytoestrogenic and phytoandrogenic activ-
ities, and estrogen and androgen play important roles in



8 Evidence-Based Complementary and Alternative Medicine

CSBPH-modelSham-operated

###

0
20
40
60
80

100
120
140
160
180
200
220

C
on

ce
nt

ra
tio

n 
of

 E
2 

in
 ra

t s
er

um
 (p

g/
m

L)

∗∗∗

(a)

CSBPH-modelSham-operated

∗

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

C
on

ce
nt

ra
tio

n 
of

 T
 in

 ra
t s

er
um

 (n
g/

m
L)

(b)

∗∗

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2
2.4
2.6
2.8

G
en

e e
xp

re
ss

io
n 

of
 E

R𝛽

BPH-model CS Sham-operated

(c)

∗

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

G
en

e e
xp

re
ss

io
n 

of
 A

R

BPH-model CSSham-operated

(d)

sh
am

-o
pe

ra
te

d

BP
H

-m
od

el

AR 110

55

66

GAPDH 36

CS

(K
D

)

ER𝛽

ER𝛼

(e)

Figure 5: Effects of CS extract on AR and ER in vivo. (a), (b) The levels of estradiol (E2) and testosterone (T) in serum were detected by
ELISA in sham-operated group, BPH model, and CS groups. (c), (d) Gene expressions of ER𝛽 and AR in prostate of rats were tested by RT-
qPCR in sham-operated group, BPHmodel, and CS groups. (e) Protein expressions of ER𝛼, ER𝛽, and AR were determined by western blot in
sham-operated group, BPHmodel, and CS groups. Compare with sham-operated group, ###𝑃 < 0.001; compare with BPHmodel, ∗𝑃 < 0.05,
∗∗
𝑃 < 0.01, and ∗∗∗𝑃 < 0.001.

BPH development, we wondered whether the suppression
of BPH by CS is mediated by interfering with the estrogen
and/or androgen signaling. As shown in Figures 5(a) and
5(b), E2 and T levels in serum CS group were significantly

lower than those in BPH model group. ER𝛼 expression was
suppressed at protein level in CS extract treatment group.
Besides, ER𝛽 expressions were increased and AR expressions
were decreased in CS extract treatment group compared
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Table 3: Summary of results on cellular level.

Number Abb.
Androgenic activity Estrogen activity

AR
N.T.

AR
T.A.

LNCaP
Prol.

ER𝛼
N.T.

ER𝛼
T.A.

ER𝛽
N.T.

ER𝛽
T.A.

MCF7
Prol.

(1) FA − − N.D. + N.D. N.D. N.D. N.D.
(2) Cyn − − N.D. + N.D. N.D. N.D. N.D.
(3) UA − − N.D. + N.D. N.D. N.D. N.D.
(4) Gal − − N.D. + N.D. N.D. N.D. N.D.
(5) Pal − − N.D. + N.D. N.D. N.D. N.D.
(6) Pac − − N.D. + N.D. N.D. N.D. N.D.
(7) Lut + − N.D. + N.D. N.D. N.D. N.D.
(8) Rut + − N.D. + N.D. N.D. N.D. N.D.
(9) ECG + + + + + N.D. + +
(10) Nar N.D. N.D. N.D. N.D. + N.D. + +
(11) Phl N.D. N.D. N.D. N.D. + N.D. + −

(12) Chr N.D. N.D. N.D. N.D. + N.D. + −

(13) Emo N.D. N.D. N.D. N.D. + N.D. + +
(14) Phy N.D. N.D. N.D. N.D. − N.D. + −

(15) Cat N.D. N.D. N.D. N.D. − N.D. − −

Note. “N.T.”: nuclear translocation, “T.A.”: transcriptional activity, “Prol.”: proliferation, “−”: negative, “+”: positive, and “N.D.”: has not been detected.

with BPH model group at levels of both mRNA and protein
(Figures 5(c), 5(d), and 5(e)).

4. Discussion

Phytoestrogens are a diverse group of natural compounds
that have the abilities to act as estrogenic or/and antie-
strogenic functions [32]. Studies have shown that lots of
traditional medicines produce compounds that may mimic
estrogenic effect and thus considered as typical phytoestro-
gens [7, 33, 34]. In our study, we first showed that several
compounds fromCS have phytoestrogenic activities (Table 3)
by increasing ER𝛼 translocation to nucleus, inducing ERE
luciferase activity, and/or enhancing MCF-7 proliferation
(Figure 2), indicating that CS is such kind of traditional
medicines that may participate in the estrogen signaling
pathway and regulate the abnormal signaling involved in the
estrogen-induced diseases.Meanwhile, it is also worth noting
that compounds that were used in our distinct assays did
not overlap with each other. We found that all of the nine
detected compounds (FA, Cyn, UA, Gal, Pal, Pae, Lut, Rut,
and ECG) promoted ER𝛼 nuclear translocation (Figure 2(a))
in the concentration of 100 nM, whereas only two of seven
detected compounds (ECG and Nar) significantly induced
ER𝛼 transcriptional activities at 100 nM (Figure 2(b)), which
further confirmed their phytoestrogenic effects by prolifera-
tion of MCF-7 cells (Figure 2(d)). Our finding indicated that
ER translocation to nucleus is the necessary step induced
by compounds to mimic estradiol genomic effects, but it is
not sufficient. The competitive ability with estradiol by ER
recruitment and selectivemanner of the target genes involved
in certain biofunctions such as cell proliferation are also
worth noting. Therefore, we cannot exclude that compounds

with positive results from one assaymay have different effects
or may behave negative readouts from other assays. ECG is
one of the important compounds from CS, and our results
first proved that ECG has strong and consistent results on the
phytoestrogenic activity (Figures 2(a), 2(b), 2(c), and 2(d)).
Previous study has reported that Lut has estrogenic activity
[35]. Here we also found that Lut promoted ER𝛼 nuclear
translocation. On the selectivity of ER subtypes, we did not
observe the specific ER𝛼 or ER𝛽 selectivity among seven
detected compounds (ECG,Nar, Phl, Chr, Emo, Phy, andCat)
(Figures 2(b) and 2(c)).

Similar to phytoestrogens, the concept of phytoandro-
gen has also been recognized and valued [9]. Traditional
medicines that were reported for treatment of syndromes
including impotence, infertility, and erectile dysfunction in
clinically are a large class of phytoandrogen pool containing
hopeful candidates with androgenic activities, while the
related reports are still not too much [36]. CS is a well-
known and widely used traditional medicine applied to
reinforce yang in TCM. Here, we first demonstrated that
ECG, Lut, and Rut significantly induced AR translocation
to nuclear (Figures 3(a) and 3(b)), and ECG upregulated
AR transcriptional activities (Figure 3(e)) and stimulated
androgen-dependent LNCaP cell proliferation in a dose-
dependent manner (Figure 3(f)), providing evidence that CS
contains potential phytoandrogens (Table 3).

Combining the results of estrogenic and androgenic
activities, it is interesting and notable to find that ECG is
the only one with dual activities of estrogen and androgen
among all isolated compounds from CS (Table 3). Previously,
ECG has been reported as a naturally occurring polypheno-
lic compound with putative antioxidant, anti-inflammatory,
antibacterial, and antitumor activities [37–41]. Here, we
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first demonstrated its function involved in hormone related
signaling and regulation.

It has beenwell accepted that both estrogen and androgen
play key roles during BPH development [42]. Here, we used
estradiol and testosterone cooperatively induced rat BPH
model [30, 43, 44] to detect the inhibitory effect of CS in BPH
development. As we expected, the prostate volume, PI, and
PCNA expression in BPH group were dramatically increased
comparing with those in the sham-group, which were further
inhibited in CS group (Figures 4(a), 4(b), 4(d), 4(e), and
4(f)), providing evidence that CS is an efficient adminis-
tration for BPH treatment in accordance with the clinical
experience in China. Recently, two publications showed that
Lut and UA, two of the compounds isolated from CS, have
significant effects in inhibiting prostate-related diseases. Lut
inhibited cell proliferation and induced apoptosis in LNCaP
human prostate cancer cells by mediated AR downregulation
[45]. UA significantly decreased the prostate size, prostatic
hyperplasia, and DHT levels in the serum and prostate of
BPH rat, strongly suggesting it can be utilized as a useful
agent in BPH treatment [46]. However, concerning the phy-
toestrogenic or/and phytoandrogenic activities of different
compounds from CS, mainly compounds that are involved
in and contributed to anti-BPH effects of CS still need to be
studied in the future.

As we known, ER𝛼, ER𝛽, and AR are nuclear receptors
that mediate estrogen and androgen signaling. In prostatic
stromal cells, ER𝛼 and AR are highly expressed and the
increased levels of which are considered to contribute the
BPH progression [47, 48], while, in contrast, ER𝛽 and AR are
highly expressed in prostatic epithelial cells; the upregulation
of AR and downregulation of ER𝛽 are related to BPH [49, 50].
In our study, we found the CS group significantly inhibited
ER𝛼 and AR and induced ER𝛽, particularly in protein
levels.These data suggested that CS exhibits antiestrogen and
antiandrogen effects that finally inhibited BPH development.

Selective estrogen receptor modulators (SERMs) and
selective androgen receptor modulators (SARMs) are two
classes of drugs under development for a variety of diseases
due to their high specificity for ER or AR, selective anabolic
activity, lack of virilizing side effect, and ability to extend
estrogen or androgen therapy [51]. Due to their unique
abilities to selectively act as agonists or antagonists in a
target gene and in a tissue-specific fashion [52], SERMs and
SARMs are now being used as treatment for breast cancer,
osteoporosis, postmenopausal symptoms, prostate cancer,
and BPH [53–55]. We found that compounds from CS act
as agonists of estrogen and/or androgen in HeLa, MCF-7,
AD293, or LNCaP cells, while in vivo CS extract acted as
antagonists for anti-BPH, indicating the potential role of CS
and its active compounds as SERM or SARM.

Taken together, our findings demonstrated that CS
inhibits rat BPH via interfering with estrogenic and andro-
genic signaling, thereby offering the potent candidates from
CS as SERMs or SARMs for related diseases in the future.
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