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INTRODUCTION

Phytoestrogens are plant-derived compounds that share 
structural similarities with and exert similar molecular effects to 
17b-estradiol (E2) (Setchell, 1998). Despite the fact that they 
are less potent than genuine estrogens, it is supposed that 
high concentrations can compensate for their comparatively 
lower binding affinity for the estrogen receptor (ER) in exert-
ing their effects. The most commonly used alternative herbal 
medicines for estrogen replacement are soy, black cohosh, 
ginseng, pomegranate, evening primrose oil, and flax seed 
(Kronenberg and Fugh-Berman, 2002; Newton et al., 2005). 
Accumulating studies have suggested important potential for 
phytoestrogens to improve health. Soy origin phytoestrogens 
possess cancer preventive effects and lowers the incidence of 
menopausal symptoms (Cederroth and Nef, 2009). However, 
not all reports present the beneficial effects of phytoestrogen. 
A recent study warned that black cohosh increases metastatic 
cancer in transgenic mice (Davis et al., 2008). Thus, intensive 
research is required to provide a scientific rationale for tradi-
tional uses despite the many beneficial effects of phytoestro-
gen.  

The molecular target of phytoestrogen is the ER. The ER is 
a ligand-activated transcription factor that modulates the tran-

In this study, we examined the estrogenic activity of bavachin, a component of Psoralea corylifolia that has been used as a tradi-
tional medicine in Asia. Bavachin was purified from ethanolic extract of Psoralea corylifolia and characterized its estrogenic activity 
by ligand binding, reporter gene activation, and endogenous estrogen receptor (ER) target gene regulation. Bavachin showed ER 
ligand binding activity in competitive displacement of [3H] E2 from recombinant ER. The estrogenic activity of bavachin was char-
acterized in a transient transfection system using ERa or ERb and estrogen-responsive luciferase plasmids in CV-1 cells with an 
EC50 of 320 nM and 680 nM, respectively. Bavachin increased the mRNA levels of estrogen-responsive genes such as pS2 and 
PR, and decreased the protein level of ERa by proteasomal pathway. However, bavachin failed to activate the androgen recep-
tor in CV-1 cells transiently transfected with the corresponding receptor and hormone responsive reporter plasmid. These data 
indicate that bavachin acts as a weak phytoestrogen by binding and activating the ER.
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Abstract

scription of target genes on ligand binding with the aid of many 
accompanying coregulator proteins. There are two isoforms 
of ER: ERa and ERb. The tissue distribution and biological 
functions of these isoforms are distinct and overlapping. In 
contrast to ERa, which is an activator of cancer cell growth, 
ERβ inhibits cancer cell proliferation through the modulation of 
key regulators of the cell cycle (Ström et al., 2004). In addition, 
ERb can modulate the function of ERa itself. ERb expression 
attenuates the growth-promoting activity of ERa (Chang et al., 
2006). Phytoestrogens can bind to the ER isoforms with dif-
ferent binding affinities. For example, genistein shows a 20-
fold higher binding affinity toward ERb. Hence, phytoestrogen 
activity, which can be modulated by the proportion of the ER 
subtypes and selective estrogen receptor modulators from 
phytoestrogenic sources, has considerable therapeutic poten-
tial for breast cancer (Chang et al., 2008).

Psoralea coryfolia is a commonly used Chinese medicine in 
Asia. Traditionally, it has been applied to a variety of conditions 
such as osteoporosis, bone fractures, and bacterial infections; 
it has also been used as a mood stimulant (Haraguchi et al., 
2002). Studies have proven that the extracts and the compo-
nents of P. coryfolia contain antibacterial, tumor-suppressive, 
estrogen-like, and cholesterol-lowering activities (Latha et 
al., 2000; Yin et al., 2004; Choi et al., 2008). In the course of 
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Fig. 1. The chemical structure of bavachin isolated from Psoralea 
coryfolia.

our study, Xin et al. reported that compounds isolated from 
P. coryfolia showed phytoestrogenic activity as examined by 
reporter gene assays (Xin et al., 2010). In this study, we exam-
ined the ER-mediated activities of bavachin (Fig. 1), one of the 
compounds from P. coryfolia, in human breast cancer MCF-7 
cells (Park et al., 2011). 

MATERIALS AND METHODS

Materials
E2, tamoxifen, and dihydrotestosterone (DHT) were pur-

chased from Sigma (St. Louis, MO, USA) and dissolved in 
100% ethanol. ICI 182,780 (ICI) was obtained from ZENECA 
Pharmaceuticals (Tocris, UK). MG132 was purchased from 
Sigma (St. Louis, MO, USA) and dissolved in dimethyl sulf-
oxide. All of the compounds were added to the medium such 
that the total solvent concentration was lower than 0.1%. An 
untreated group served as a control. Bavachin was purified 
from the alcoholic extract of Psoralea coryfolia. In brief, the 
dried seeds of Psoralea coryfolia (8.8 kg) was extracted with 
n-hexane to remove lipid and extracted with methanol. The 
methanol extracts were suspended in water and successively 
partitioned with n-hexane and ethylacetate. The ethylacetate 
soluble fraction (153 g) was subjected to silica gel column 
chromatography eluting with n-hexane: ethylacetate gradient 
system (4:1 → 1:1) and 19 fractions were collected. Fraction 
12 was further fractionated by silica gel column chromatogra-
phy with n-hexane: ethylacetate (contained 10% isopropanol) 
gradient system (20:1 → 1:3) and by reverse phase column 
chromatography with a gradient elution of methanol (50% → 
100%) to yield pure bavachin (39.7 mg). The chemical struc-
ture was confirmed by the spectroscopic analysis and com-
parison with the reported data (Wang et al., 2001). 

Cell culture and treatment
MCF-7 (ATCC HTB-22), CV-1 (ATCC CCL-70), and 

HEK293 (ATCC CRL-1573) cells were grown at 37oC in a 
humidified atmosphere of 95% air/5% CO2 in phenol red-
free RPMI supplemented with 10% fetal bovine serum (FBS; 
WelGENE, Seoul, Korea). Before treatment, the cells were 
washed with phosphate-buffered saline (PBS) and cultured in 
RPMI/5% charcoal-dextran stripped FBS (ST-FBS) for 1 day 
to eliminate any estrogenic source before treatment. We used 
10 nM E2 unless otherwise noted. 

Ligand binding assay   
Ligand binding assay to full-length human ER was as-

sessed as described previously (Obourn et al., 1993; Jung et 
al., 2010). The hERa and hERb (Invitrogen Corp., Carlsbad, 
CA) were diluted to 5 nM with the binding buffer [10 mM Tris 

(pH 7.5), 10% glycerol, 1 mM DTT, and 1 mg/ml BSA] and 
incubated with 5 nM [3H]-E2 and test compounds. For the 
measurement of nonspecific binding, 10−6 M unlabelled es-
tradiol was used. After 2 h incubation at 25oC, the reactions 
were terminated by rapid filtration through glass fiber filters 
presoaked with ice-cold 0.05% polyethylenimine using a Per-
kin Elmer Filter Mate Harvester. The filters were washed five 
times with 1 ml of the ice-cold buffer, dried, and then placed 
in scintillation vials containing scintillation cocktail. After shak-
ing and overnight equilibration of the vials, the radioactivity 
trapped on each filter was measured with a Packard 2000CA 
liquid scintillation counter. The specific binding (%) to each ER 
was determined as follows: [(dpmsample – dpmnonspecific)/(dpmveh – 
dpmnonspecific)] ×100. 

Transient transfection and luciferase assay
CV-1 cells were seeded at a density of 4.5×106 cells in 

phenol red-free media with 10% ST-FBS for 24 h. The cells 
were transiently transfected with estrogen response element 
(ERE)-luciferase (Luc) and either hERa or hERb for 6 h, and 
then treated with samples for 24 h. For androgen response el-
ement (ARE)-Luc assays, HEK293 cells were transfected with 
human androgen receptor (hAR) and ARE-Luc. To normalize 
transfection efficiency, b-galactosidase plasmid was cotrans-
fected. The luciferase activities in cell lysates were measured 
using luciferase assay system (Promega Corp., Madison, WI) 
and the b-gal activities were measured as the absorbance at 
410 nm by using an ELISA plate reader. Data are reported 
as relative luciferase activity divided by the b-galactosidase 
activity.  

Quantitative Real-time PCR 
RNA from MCF-7 cells was extracted using TRIzol reagent 

(Invitrogen Corp.) according to the manufacture's instruction. 
The yield of RNA was quantified by absorbance at 260 nm. To 
synthesize first strand cDNA, 3 mg total RNA was incubated at 
70oC for 5 min with 0.5 mg of random primer (Promega Corp., 
Madison, WI) and diethylpyrocarbonate-treated water. The re-
verse transcription reaction was performed using 40 unit of 
MMLV reverse transcriptase (Promega Corp., Madison, WI) 
in 5X reaction buffer, and 2.5 mM dNTP mixtures at 37oC for 
60 min. The reaction was terminated by heating at 70oC for 8 
min, followed by cooling at 4oC. qPCR was perfomed using 
iQTM SYBR Green Supermix (Bio-Rad). The β-actin primers 
were sense (5'-CAAATGCTTCTAGGCGGACTATG-3') and 
antisense (5'-TGCGCAAGTTAGGTTTTGTCA-3'). The PR 
primers were sense (5'-CGCGCTCTACCCTGCACTC-3') and 
antisense (5'-TGAATCCGGCCTCAGGTAGTT-3'). The pS2 
primers were sense (5'-CATCGACGTCCCTCCAGAAGAG-3') 
and antisense (5'-CTCTGGGACTAATCACCGTGCTG-3'). A 
final volume was 25 ml, and an iCycler iQ Real-time PCR De-
tection System (Bio-Rad, Hercules, CA) was used for qPCR.

Western blot analysis
Protein was separated using a radioimmune precipitation 

buffer (including 150 mM NaCl, 50 mM Tris-HCl, 1% NP-
40, 0.5% deoxycholic acid and 0.1% SDS, with a protease 
inhibitor cocktail) on ice for 1 h and then centrifuged for 25 
min at 13,000 rpm. Protein concentrations were determined 
using the Bradford method (Bio-Rad). For immunoblotting, 
same amounts of proteins were separated by SDS-PAGE. Af-
ter SDS-PAGE, proteins were transferred to a polyvinylidene 
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difluoride membrane. Membranes were blocked with 5% non-
fat dry milk in Tris-buffered saline/0.05% Tween (TBST), and 
incubated with anti-rabbit polyclonal antibody to ERa (0.4 mg/
ml: Santa Cruz Biotechnology Inc., Santa Cruz, CA) or anti-
mouse polyclonal antibody to b-actin (Sigma). After washing 
with TBST, blots were incubated with goat anti-rabbit or anti-
mouse horseradish peroxidase-conjugated secondary anti-
body and visualized with enhanced chemiluminescence ECL 
kits (Amersham Bioscience, Little Chalfont, UK).

Cell proliferation assay
MCF-7 BOS cells were kindly provided by Prof. Ana M Soto 

at Tufts University School of Medicine. MCF-7 BOS cells were 
seeded at 4,000 cells/well in 96-well plates for 24 h after cul-
tured in phenol red-free DMEM containing 5% ST-FBS for 2 
days. Cells were treated with 10 nM E2, 1 mM tamoxifen and 
bavachin as indicated for 6 days. The cell growth was deter-
mined by using MTT based colorimetric assay (Haraguchi et 
al., 2002). After adding 100 ml of MTT solution (final concentra-
tion, 0.5 mg/ml) to each well, the plates were incubated for 5 h 
at 37oC. Extraction buffer (10% SDS in 0.01 M HCl) was add-
ed for the dissolution of formazan crystals. The absorbance 
was measured at 570 nm by using an ELISA plate reader. 

Statistical analysis
Values shown represent the mean ± SD. Statistical analysis 

was performed by Student’s t-test, and a p-value<0.05 was 
considered significant.

RESULTS

Bavachin binds to ERα and ERβ
The biological activities of estrogen are mediated by two 

distinct receptors: ERa and ERb. The activation of ER is initi-
ated by ligand binding to ERs followed by dimerization of re-
ceptors and binding to DNA. The binding ability of bavachin 
to ERs was determined by the competitive displacement of 
[3H] E2 from full-length recombinant ERa and ERb (Obourn et 
al., 1993; Wang et al., 2001; Jung et al., 2010). A competitive 
binding assay showed that bavachin displaced the [3H] E2 in a 
dose-dependent manner (Fig. 2) with IC50 values of 6.57×10−5 
M for hERa and 3.8×10−5 M for hERb. The IC50 of E2 for hERa 
was 1.4×10−9 M measured simultaneously, which agrees with 
the reported Kd value of E2 (Lee and Gorski, 1996). 

ER-mediated transcriptional activation in CV-1 cells
Proper ligand binding to the ER initiates transcriptional acti-

vation through the specific ERE in certain target genes (Gehm 
et al., 2000). We examined whether bavachin activates the 
transcription of an ERE containing a reporter plasmid in CV-1 
cells. Bavachin induced luciferase activity in CV-1 cells tran-
siently transfected with plasmids containing the ERE gene and 
ERa or ERb expression plasmids (Lee et al., 2003). The EC50 
values of 3.2×10−7 M for ERa (Fig. 3A) and 6.8×10−7 M for ERb 
(Fig. 3B) were determined. It is estimated from these lucifer-
ase data that bavachin is approximately 500-fold weaker an 
ER ligand than E2 (Fig. 3). To further examine whether the es-
trogenic activity of bavachin is ER-specific, we examined the 
androgen activity of bavachin. HEK293 cells were transfected 
with ARE-luc and an expression vector for AR to evaluate the 
effects of bavachin on AR-mediated transcription. DHT, which 

was used as a positive control, significantly increased ARE-
luciferase activity after 24 h of treatment. However, bavachin 
was not effective on the ARE-luciferase activity up to 25 mM 
(Fig. 3C). 

Induction of an endogenous estrogen-responsive PR and 
pS2 mRNA and ERα protein levels in MCF-7 cells

To evaluate the potential of bavachin as an activator of es-
trogen-responsive genes, we examined pS2 and PR mRNA 
induction in MCF-7 cells after treatment with bavachin (Park et 
al., 2011). Steady-state pS2 and PR mRNA levels were mea-
sured by carrying out qRT-PCR assays on total RNA prepared 
from treated cells. As an internal control, constitutively ex-
pressed human b-actin mRNA was used. Bavachin activated 
transcription of the pS2 and PR genes by the treatment for 
24 h as E2 (Fig. 4). These data confirm that bavachin can act 
as a weak estrogen agonist. It is well known that E2 induces 
downregulation of ERs as early as 30 min in E2-responsive 
cells. ERa protein levels were downregulated by the treatment 
of 10 nM E2 or 10 mM bavachin as compared with the vehicle 
control. But 0.1 mM and 1 mM of bavachin did not affect ERa 
protein levels (Fig. 5A). These data indicate that more than 
10 mM of bavachin is capable of inducing ERa degradation as 
effectively as E2 in MCF-7 cells.

ERa is degradaded at the post-translational steps upon E2 

Fig. 2. Competitive inhibition of [3H] E2 binding to hERa (A) and 
hERb (B) by bavachin. The hERa and hERb are incubated with 
5 nM [3H]-E2 and test compounds for 2 h and the receptor-bound 
radioactivities were determined by scintillation counting. The rela-
tive specific binding activity (RBA) was calculated as described in 
experimental section and the IC50 values were determined from the 
concentration-binding curve (n=4).
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binding via ubiquitin–proteasome pathway (Lim et al., 2011). 
To evaluate the involvement of the proteasomal pathway in 
bavachin-mediated degradation of ERa, MCF-7 cells were 
treated with or without 10 mM bavachin and 1 mM of the pro-
teasome inhibitor MG132 for 12 h. As shown in Fig. 5B, ERa 
degradation was blocked by MG132, suggesting that bavachin 

caused proteasomal-mediated ERa degradation. 

Effects of bavachin on the proliferation of MCF-7 BOS cell
The estrogenic activities of bavachin were confirmed by the 

proliferation assay of MCF-7 BOS cells that make up an ER 
positive human breast adenocarcinoma cell line (Bae et al., 
2011). The maximum cell proliferative effect was observed by 
the treatment of 10 nM E2. The proliferation effect of bavachin 
was expressed as the relative proliferative effect to that of me-
dia treated control. Bavachin significantly stimulated the prolif-
eration of MFC-7 BOS cells in a dose-dependent manner by 6 
days of treatment (Fig. 6).  

DISCUSSION

About 25 million women worldwide experience menopause 
each year. It has been estimated that by the year 2030, the 
world population of menopausal and postmenopausal women 
will be 1.2 billion, with 47 million new entrants each year (Bor-
relli and Ernst, 2008). Hormone replacement therapy (HRT) 
using synthetic female steroid hormones is the treatment of 
choice to alleviate menopausal symptoms, but because of 
the potential for serious adverse effects of long-term HRT, 
there has been an increased interest in complementary and 
alternative medicine, including phytoestrogen (Borrelli and 
Ernst, 2010). For example, pomegranate was recently shown 
to contain estrogenic activity, and sales of pomegranate fruit 
juice reached up to 63 million dollars in 2005 in the US (Stur-
geon and Ronnenberg, 2010). Regarding the increase in the 
population of menopausal women and the interest in alterna-
tive medicine to relieve menopausal symptoms, two scientific 
approaches should be considered. One is to reveal the clini-
cal efficacies and cellular mechanisms of the actions of phy-
toestrogenic herbs, and the other is to search for new and 
improved phytoestrogen sources from natural products. The 
Gao group recently reported that 7 compounds from P. cory-
lifolia activated ER-responsive reporter gene activity (Xin et 
al., 2010). In this study, we evaluated the estrogenic activity 
of bavachin, a compound purified from P. coryfolia in further 
detail. We examined the induction of pS2 and PR mRNA and 
degradation of ERa by bavachin treatment. In accordance 
with both the luciferase assay and the ligand binding data, 
bavachin effectively regulated ER targets through binding both 
isoforms of ER. In addition, our data showed that bavachin ef-

Fig. 3. Dose-dependent ERE-luciferase reporer activity by 
bavachin in CV-1 cells. Cells were transiently transfected with 
ERE-luciferase reporter plasmid and either hERa (A) or hERb (B) 
expression plasmid. Cells were treated with E2 or bavachin for 24 
h followed by transient transfection. Cell lysates were prepared 
and analyzed by luciferase assays. The data are representative of 
at least three independent experiments performed in triplicate and 
presented as relative luciferase activity (RLA). (C) HEK293 cells 
were transiently transfected with ARE-luc and expression vector 
for AR, and treated for 24 h with 10 nM DHT or varying molar con-
centrations of bavachin as indicated. An untreated group served as 
a control. These experiments were repeated at least three times.  
* and ** indicate significant differences from the control at the 
p<0.05 and 0.001 levels, respectively.

Fig. 4. Effects of bavachin on endogenous estrogen-responsive 
PR and pS2 mRNA levels were examined. Cells were exposed 
to E2 and bavachin for 24 h. The qRT-PCR results for PR, pS2 in 
MCF-7 cells are shown (n=3). 
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fectively downregulated ERa, which can lead to differential ex-
pression of ER isoforms depending on the stability and dura-
tion of bavachin in vivo. Bavachin activated both ERa and ERb 
leading to modulation of ER target genes. However, the EC50 
values of receptor binding as examined by receptor competi-
tion assays were higher than those of reporter gene activation. 
This implies that bavachin activates ERs both by direct bind-
ing and by an indirect mechanism other than that of classical 
hormone-mediated activation. ERs can be activated by modu-

lation of phosphorylation pathways in a ligand-independent 
pathway (O’Malley et al., 1995). It is possible that bavachin 
modulates cellular targets other than ERs, which can in turn 
influence ERs. A recent report showed that bavachin decreas-
es the IL-1b-induced activation of IkB kinase-IkBa-NF-kB sig-
naling pathway in human chondrocytes (Cheng et al., 2010). 
This implies that bavachin can be chondro-protective like E2 
through estrogenic potential. One of the most extensively 
studied phytoestrogen is soy derived isoflavone genistein. 
Genistein was studied both in vitro and in vivo. In in vitro stud-
ies, genistein has a 20-to 30- higher binding affinity toward 
ERb but only a slight preference to ERb in transactivation ef-
ficacy (Mueller et al., 2004; Henley and Korach, 2010). This 
indicates that genistein binding to ERb cannot fully activate 
ERb. The potential therapeutic benefits of genistein is still un-
confirmed because although some studies show beneficial ef-
fects on breast cancer but others demonstrated contradictory 
results that genistein intake increase mammary cancer rates 
(Henley and Korach, 2010; Virk-Baker et al., 2010). Bavachin 
showed approximately two-fold preference toward ERb over 
ERa in both binding and reporter assays which implies that 
no inhibiting mechanism exists in ERb activation. Since accu-
mulating studies are showing that ERb has tumor suppressing 
activity bavachin may elicit less tumor promoting activity than 
genistein. Continued studies are required to demonstrate the 
characteristics of bavachin as an applicable phytoestrogen. 

In this study, we showed that bavachin can effectively mod-
ulate cellular ER targets through ERs. Further studies will in-
vestigate the detailed cellular mechanism and in vivo efficacy 
of bavachin. 
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Fig. 5. Effects of bavachin on ERa protein levels. (A) MCF-7 cells 
were treated for 24 h with 10 nM E2 or increasing concentrations 
of bavachin as shown. An untreated group served as a control. 
After the incubation, the cells were lysed and total protein extracts 
were resolved by SDS-PAGE and immunoblotted using an anti-ER 
antibody or an anti-β-actin antibody. ER densitometry values are 
expressed as a percentage of the control (down). These experi-
ments were repeated at least three times. * and ** indicate statisti-
cally significant differences from the control.  (B) MCF-7 cells were 
treated for 12 h with or without 10 mM bavachin and 10 mM MG132. 
After the incubation, the cells were lysed and total protein extracts 
were resolved by SDS-PAGE and immunoblotted using an anti-
ERa antibody or an anti-b-actin antibody. ER densitometry values 
are expressed as a percentage of the control (down). These ex-
periments were repeated at least three times. *Indicate statistically 
significant differences from control. 

Fig. 6. Effects of bavachin on the proliferation of MCF-7 BOS 
cells. MCF-7 BOS cells were plated in 96 well plates and grown in 
phenol red-free DMEM containing 5% CD-FBS for 2 days. Cells 
were treated as indicated and cultured for 6 days. The cell growth 
was determined by MTT method and expressed as the relative 
proliferative effect to E2. Data show mean ± SD (n=4). 
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