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Abstract

Variations in the estrogenic activity of the phytoestrogen-rich plant, Pueraria mirifica, were determined with yeast estrogen
screen (YES) consisting of human estrogen receptors (hER) hERa and hERB and human transcriptional intermediary factor 2
(hTIF2) or human steroid receptor coactivator 1 (hSRC1), respectively, together with the $-galactosidase expression cassette.
Relative estrogenic potency was expressed by determining the $-galactosidase activity (ECsg) of the tuber extracts in relation
to 17B-estradiol. Twenty-four and 22 of the plant tuber ethanolic extracts interacted with hERa and hERR, respectively, with a
higher relative estrogenic potency with hERB than with hERa. Antiestrogenic activity of the plant extracts was also determined
by incubation of plant extracts with 173-estradiol prior to YES assay. The plant extracts tested exhibited antiestrogenic activity.
Both the estrogenic and the antiestrogenic activity of the tuber extracts were metabolically activated with the rat liver S9-fraction
prior to the assay indicating the positive influence of liver enzymes. Correlation analysis between estrogenic potency and the
five major isoflavonoid contents within the previously HPLC-analyzed tuberous samples namely puerarin, daidzin, genistin,
daidzein, and genistein revealed a negative result.
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Introduction

Phytoestrogens are of biological interest because they ex-
hibit estrogenic and antiestrogenic activities both in vitroand in
vivo. The estrogenic and antiestrogenic activity of isoflavones,
some of the major phytoestrogens, has been reported on the
uterus of rats and mice (1,2), on mammalian cells (3), and yeast
(4). There are various in vivo methods to measure the estrogenic
activity of phytoestrogens, including an uterotropic assay (5)
and vaginal cornification assay in ovariectomized rats (6-8).
The MCF-7 screening test based on in vitro proliferation of the
human mammary adenocarcinoma estrogen receptor (ER) a*
cellline is able to demonstrate the biphasic (proliferative effect
atlow dose and antiproliferative effect at high dose) estrogenic
response of phytoestrogen-rich plantextracts (9,10). However,
testing on animal models may not be practical for large-scale
screening of the estrogenic activity of plant samples due to the
cost and time-consuming procedures involved. In addition, the
differential interactions of the plant extract with ERa and ER(
cannot be easily monitored in in vivo and in some in vitro assay.
These cellular models often express other endogenous recep-

tors such as progesterone receptor and glucocorticoid receptor
(11,12), which could interfere with the accurate determination
of the estrogenic effects of plant extracts.

Pueraria mirifica, family Leguminosae, a traditional herbal
plantused for treatment of menopausal symptoms in Thailand,
was selected for the present study. The plant is a rich source
of phytoestrogens including mirestrol (13), deoxymirestrol (14)
andisoflavonoids (15,16). The plant's powdered tuber has been
shown to improve the lipid profiles and biochemical markers
of bone turnover rates (17) and the recovery of vaginal health
(18) in clinical trials with menopausal Thai females and also to
provide other health benefits as demonstrated in animal tests
such as prevention of osteoporosis (19,20), breast cancer (21)
and estrogen deficiency replacement (22,23). However, there
is only one report about this plant that demonstrated the action
of the plant phytoestrogens at the ERa and ER level (21). To
help clarify the action of phytoestrogens from this planton ERa
and ER, a yeast estrogen screening (YES) test based on the
yeast two-hybrid system was applied to the plant extracts of
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the same group of P. mirifica used in HPLC analysis of iso-
flavonoids (15) and in a vaginal cornification assay (6,7). This
YES system was constructed by inserting the human estrogen
receptor (hER) and coactivator into the yeast cells, which al-
lowed specific binding of a ligand to the ER prior to interaction
with the yeast transcription machinery. The estrogenic effect
was then quantitatively evaluated by the level of expression
of the reporter gene encoding the B-galactosidase enzyme
(24). Since hER exists in two subtypes, hERa and hER (25),
distributed within specific tissues, the YES system comprised
of human transcriptional intermediary factor 2 (hTIF2) and
human steroid receptor coactivator 1 (hSRC1), which exhib-
ited the greatest effectiveness on hERs in the presence of
17B-estradiol (25,26) and flanked by hERa and hERp, was
used in the present investigation.

Material and Methods

Plant material

The tuberous roots of P. mirifica were collected in 27 of
76 provinces in Thailand (15). The plant was identified by the
author with reference to the study of Kashemsanta et al. (27)
and voucher herbarium specimen No. BCU 11045 (9). The
tuberous roots were cleaned, sliced, dried in a hot-air oven
at 70°C until completely dry and subsequently ground to a
powder. The powder was extracted with absolute ethanol at
the 1:10 (w/v) ratio, the aqueous phase was filtered through
Whatman filter paper No. 3 and subsequently dried in vacuo.
Stock solutions of the plant extracts were freshly prepared in
dimethylsulfoxide (DMSO) at doses ranging from 1 ug to 1
mg/mL. The final concentration of DMSO in the test did not
exceed 0.02%. The tuberous root extracts were tested in both
YES systems.

Construction of yeast estrogen screening strains ERa +
hTIF2 and ERB + hSRC1

The yeast Saccharomyces cerevisiae strain Y190 (MATa,
ura3-52, his3-200, lys2-80.1, ade2-101, trp1-901, leu2-3,112,
gal4/, gal80A, cyh'2, LYS2::GAL1-HIS3, URAS3::GAL1-LacZ;
Clontech®, USA) was used as host for construction of 2 yeast
strains, namely YES-hERa + hTIF2 and YES-hER + hSRCA1,
harboring plasmid pGBT9-hERaLBD and pGAD424-hTIF2
coactivator, and plasmid pGBT9-hERBLBD and pGAD424-
hSRC1 coactivator, respectively. Plasmids pGBT9-hERaLBD,
pGBT9-hERBLBD and pGAD424-hSRC1 were constructed
using genes hERa/B LBD and hSRC1 kindly provided by Dr.
A. Ohta, Department of Biotechnology, the University of Tokyo,
Japan (26). Plasmid pGAD424-hTIF2 was a gift from Dr. Y.
Masamune, Department of Cellularand Molecular Biology, Fac-
ulty of Pharmaceutical Science, Kanazawa University (28).

Yeast culture condition

Yeasts were grown in synthetic dextrose minimal medium
supplemented with adenine (0.67% yeast nitrogen base without
amino acids, 2% glucose, and 0.002% adenine sulfate) at 30°C
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with vigorous shaking overnight. The assay was performed
by incubating 50 pL of the overnight culture and 2.5 pL of
the plant extract at a final concentration of 1 ug to 1 mg/
mL dissolved in DMSO as a negative control or 2.5 L of
10 mM to 100 pM 17B-estradiol as a positive control in the
tube containing 200 pL fresh synthetic dextrose minimal
medium supplemented with adenine. After incubation at
30°C with shaking for 4 h, B-galactosidase activity was
determined.

B-galactosidase assay

After incubation, 150 uL cultured cells was added to each
well of a 96-well microplate for the measurement of cell den-
sity at 600 nm using a microplate reader (Spectral MAXplus,
Molecular Devices, USA). Another 100 pL cultured cells was
centrifuged at 8600 g and resuspended in 200 uL Z-buffer (0.1
M sodium phosphate, pH 7.0, 10 mM KCI, 1 mM MgSOQOy4, and
3.5 mM B-mercaptoethanol) containing 1 mg/mL Zymolyase
20T, and incubated at 37°C for 15 min. The cell lysate was
incubated with 40 pL substrate (4 mg/mL o-nitrophenyl 3-d-
galactopyranoside in 0.1 M sodium phosphate buffer, pH 7.0) at
30°C for 30 min. When the yellow color of o-nitrophenol devel-
oped, 100 uL 1 M NapCO3 was added to stop the reaction. To
remove all cell debris, the reaction tube was centrifuged at 8600
g for 5 min. The 150-uL supernatant was transferred to each
well of a 96-well microplate and absorbance at 420 and 550
nm was measured with a microplate reader. 3-galactosidase
activity is reported in Miller units (24).

Metabolic activation

In vitro metabolic activation with the aid of the rat liver S9
fraction (Wako Pure Chemical Industries, Ltd., Japan) was
tested against plant samples that did not exhibit estrogenic
activity in the normal YES assay according to the method of
Takatori etal. (29). A10-pL aliquot of plant extract dissolved

3000

—— YES-hERO#hTIF2
—O— YES-hERB+hSRC1
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Figure 1. Estrogenic activity of 17p-estradiol evaluated by YES-
hERa + hTIF2 and YES-hER + hSRC1. Each value is the mean
+ SEM of three independent experiments.
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in DMSO was incubated with a 990-uL aliquot of
S9 mixture containing 0.5 mg S9 protein, 0.16 M
MgCly, 0.1 M NADP, 0.1 M G-6-P, 0.5 M sodium
phosphate buffer, pH 7.4, and 1 M KCl at 37°C for
4 h. The negative control consisted of the heat-
inactivated (95°C for 5 min) S9 fraction. The test
compounds were stored at -80°C until use. The
final concentration of S9-treated P. mirifica in the
bioassay was 1000 pg/mL.

Evaluation of antiestrogenic activity

To assess the antiestrogenic activity of P.
mirifica, plant extracts from sources that exerted
no estrogenic activity were examined based on
the inhibition of B-galactosidase induction by
17B-estradiol in YES-hERa + hTIF2 and YES-
hERB + hSRCA1.

Calculation of EC5q and statistical analysis

Data of -galactosidase unit and concentration
of test compounds were fitted using a four-param-
eter logistic dose-response model with the aid of
the SigmaPlot software, Version 9 for Windows
(Systat Software, Inc., USA). The B-galactosidase
unit, ECsp, and relative potency value compared
with 17B-estradiol are reported as the mean *
SEM of at least 3 independent experiments. All
data were analyzed by the Student t-test using the
SPSS software version 12.0 for Windows (SPSS
Inc., USA).

The correlation between the estrogenic potency
of the plant extracts and 5 major isoflavonoid
contents of the plant tuberous powder of the same
plant samples (15) was calculated with the aid
of the SPSS software version 12.0 for Windows
(SPSS Inc.).

Results

The dose response of 17B-estradiol in
YES-hERa + hTIF2 and YES-hERB + hSRC1
The dose-response curves for 173-estradiol
in YES-hERa + hTIF2 and YES-hERpB + hSRC1,
presented as 3-galactosidase unit againstlog con-
centration of 17B-estradiol, are shown in Figure 1.
The ECsq values of 17B-estradiol for the YES-hERa
+ hTIF2 and YES-hERpB + hSRC1 systems were
1.44 x 102 and 9.08 x 102 ug/mL, respectively.

Estrogenic activity of P. mirifica extract in
YES-hERa + hTIF2

The relative potency values of P. mirifica ex-
tractsin YES-hERa + hTIF2 are shownin Figure 2A.
Considering the relative potency value of the plant
population, the estrogenic activity of the top five
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Figure 2. Percent relative potency of Pueraria mirifica plant extract col-
lected from 27 provinces in Thailand determined by the YES-hERa + hTIF2
(A) and YES-hERB + hSRC1 (B) systems. Each value is the mean + SEM
of three independent experiments.
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Figure 3. Antiestrogenic activity of Pueraria mirifica plant ex-
tracts determined by YES systems. NR = Nakorn Ratchasima;
PK = Prachuap Kiri Khan; S = Saraburi; U = Uttraradith; E2
= 17B-estradiol. Each column is the mean + SEM of three in-
dependent experiments. *P < 0.05 significantly different from
17B-estradiol (Student t-test).
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Figure 4. Estrogenic activity of Pueraria mirifica after treatment
with the rat liver S9 fraction determined by the YES-hERa +
hTIF2 (A) and YES-hERB + hSRC1 (B) systems. NR = Nakorn
Ratchasima; PK = Prachuap Kiri Khan; S = Saraburi; U = Uttrara-
dith; S9-inactive = heat-inactivated S9 fraction (negative control);
S9-active = active S9 fraction. Each value is the mean + SEM
of three independent experiments. A final concentration of S9-
treated P. mirifica plant extract at 1000 pg/mL was tested in YES
system. *P < 0.05 significantly different from S9-inactive treat-
ment (Student t-test).
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plantextracts was 0.006-0.011% of the activity of 173-estradiol.
Three plant samples had no estrogenic activity.

Estrogenic activity of P. mirifica extract in YES-hERp
+ hSRC1

The estrogenic activity presented as the relative potency
value of P. mirifica extracts in YES-hERB + hSRC1 is shown
in Figure 2B. The estrogenic activity of the top five plant
extracts was 0.027-0.091% of the activity of 17p-estradiol.
Five plant samples had no estrogenic activity.

Comparison of the estrogenic activity of P. mirifica
extract in YES systems

In order to compare the estrogenic activity of P. mirifica
extracts between YES-hERa + hTIF2 and YES-hERB +
hSRC1, the relative potency values presented in Figure
2A and Figure 2B were compared. The maximum relative
potency value of P. mirifica in YES-hERB + hSRC1 was
8.3-fold the relative potency of YES-hERa + hTIF2.

Antiestrogenic activity of P. mirifica extracts

The plant extracts with no expression of estrogenic activ-
ity in YES-hERa + hTIF2 and YES-hERR + hSRC1 (Nakorn
Ratchasima, Prachuap Kiri Khan), in YES-hERa + hTIF2
(Saraburi) and in YES-hERP + hSRC1 (Uttraradith), at the
concentration of 1000 pg/mL, were examined by incubating
them with yeast cells in the presence of 1 uM 173-estradiol.
The antiestrogenic effects of P. mirifica plant extracts are
illustrated in Figure 3. Some plant extracts could significantly
decreased 173-estradiol-dependent 3-galactosidase activ-
ity in both YES systems compared to the cells incubated
with 17B-estradiol alone (P < 0.05). The plant extract from
Nakorn Ratchasima and Uttraradith had the highest anti-
estrogenic activity in YES-hERa + hTIF2 and YES-hER +
hSRCA1, respectively. Furthermore, the antiestrogenic effect
of the plant extracts tested in YES-hERB/hSRC1 was 2-fold
higher than that of YES-hERa + hTIF2 (P <0.05). The result
implies that the P. mirifica plant extract had antiestrogenic
activity in YES systems and was more potentin YES-hER
+ hSRC1 than in YES-hERa + hTIF2.

Estrogenic activity of S9-treated P. mirifica extract

P. mirifica extracts that exhibited no estrogenic activity
by the YES assay were activated with the S9 fraction and
the reaction mixtures were then assayed on each YES
system. The estrogenic activities of P. mirifica extracts
from Nakorn Ratchasima, Prachuap Kiri Khan and Saraburi
treated with the S9 fraction in YES-hERa + hTIF2 (Figure
4A) and YES-hERP + hSRC1 (Figure 4B) are shown. The
plant extracts from the first 3 sources had a significant
estrogenic activity in YES-hERa + hTIF2 but not in YES-
hERPB + hSRC1 after treatment with the active S9 fraction
compared with the heat-inactivated sample (P <0.05). The
S9-treated plant extract from Uttraradith did not show any
estrogenic activity.
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Estrogen receptors ERa and ER(

Correlation analysis

Analysis of the correlation between percent relative
estrogenic potency analyzed by YES with ERa or ER and
the 5 major isoflavonoids within the plant tubers including
puerarin, daidzin, genistin, daidzein, and genistein ana-
lyzed by HPLC of individual plant samples (15) showed
no correlation.

Discussion

In this study, the estrogenic activity of P. mirifica tuber-
ous extracts was determined by a YES two-hybrid system
harboring coactivators to establish similarity to the human
estrogen gene regulation system. Based on the relative
potency of the plant extracts to induce receptor-dependent
transcription, P. mirifica extracts were found to be more
potentin YES-hERR + hSRC1 than in YES-hERa + hTIF2.
The advantage of the YES two-hybrid assay is a clear-cut
estrogenic response initiated by ERa or Er3, which is not
possible to detect in the animal test that comprises both
ERa and ERB in some organs. Thus, YES is a useful assay
to demonstrate differences of phytoestrogens with respect
to ERB over ERa.

The estrogenic activity of P. mirifica extracts evaluated
by YES systems obviously varied. However, the YES as-
say revealed a much lower estrogenic activity of the plant
extracts compared to 17B-estradiol than observed in the
vaginal cornification assay (6-8). There was a difference
between the two assays, i.e., there was no metabolic activa-
tion in the ordinary YES assay while metabolic activation
was initiated by both intestinal microbes (29,30) and liver
enzymes (31-33). Note that the results of metabolic activa-
tion of the plant samples with the S9 fraction were not in
the same direction as the test without activation in which
the plant extracts exhibited stronger estrogenic activity in
YES-hERa +hTIF2 (Figure 4A) thanin YES-hERB + hSRC1
(Figure 2B). This demonstrates that phytoestrogens in the
native form bind more strongly to ERB than to ERa but
the metabolized form may bind more strongly to ERa than
to ER. The result was in the same direction as tested in
MCF-7 cells (33).

The present data show that the P. mirifica extracts also
had antiestrogenic effects at the highest dose tested of
1000 pg/mL in both YES systems. This revealed that plant
samples with no estrogenic activity in the YES assay may
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