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Screening of medicinal plant extracts for estrogenic activity
in combination with a glycosidase treatment
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For the purpose of evaluating phytoestrogenic activity of medicinal plant extracts, a naringinase-pretreatment
method was developed, monitoring with proliferation of MCF-7 human breast cancer cells and induction of B-
galactosidase in a yeast two-hybrid assay system. Of various medicinal plant extracts examined, the extracts of Alpinia
katsumadai (seeds), Glycyrrhiza uralensis (roots) and Moghania philippinensis (roots) showed higher estrogenic activity
by per-treatment with naringinase than the original extract themselves. The contents of liquiritigenin and
isoliquiritigenin having potent estrogenic activity, appreciably increased after the naringinase treatment of the extract
of G. uralensis. These findings suggested that orally administered crude drugs would increase their estrogenic activity,
due to the hydrolysis of some glycosylated constituents by intestinal flora.

Key words phytoestrogen, MCF-7, yeast two-hybrid assay, naringinase.
Abbreviations SD, synthetic defined; DMEM, Dulbecco's modification Eagle's medium; FBS, fetal bovine serum.

Introduction

Traditional medicines have a long history of use based
on religious and cultural tradition, in which a variety of
plants are viewed as sources of health remedies.” Recently,
some of these medicinal plants and their constituents such
as isoflavones, lignans and coumestans have been investi-
gated from a view point of phytoestrogens.? Insufficiency
of internal estrogen secretion is known to cause several
physical disorders in postmenopausal women, such as osteo-
porosis, blood cholesterol elevation, and symptoms of
menopause.” An estrogen replacement therapy was reported
to have a curative effect on these conditions.¥ However,
chronic synthetic estrogen therapy has been shown to in-
crease the risk of certain types of cancer, such as
endometrial and breast cancer.”

In the present paper, we screened various medicinal
plants for their estrogenic activity, in which the plants were
selected on the basis of their usages for treatments of meno-
pausal syndrome, rheumatoid arthritis, bone lose, leukorrhea,
menstrual irregularity, antifebrile, women's diseases etc. in
traditional Chinese medicine.®”

For evaluation of estrogenic activity, we used two es-
frogen assay systems, estrogen-dependent proliferation of
MCEF-7 (human breast cancer) cells® and a yeast two-hybrid
assay.” The cell proliferation (E-screen) is a widely used
assay system to determine the estrogenic potency of natural
substances.'” A disadvantage of this method is that a con-
siderable number of substances give positive results without
exerting any estrogenic activity. In addition, different MCF-
7 stocks show a wide variation in regard to their sensitivity
to estradiol.'” To solve these disadvantages, we used the
yeast two-hybrid assay system together with E-screen. The

advantage of the former assay system is less time consum-
ing and easy to perform. In contrast, the disadvantage is the
potential for false negative results due to a difference in
membrane transport of chemicals between yeast cells and
animal cells. The above problems may be dissolved by the
use of both estrogen assay systems.

Although, most of the studies have been performed
with a single phytoestrogenic compound, we evaluated
some medicinal plant extracts and those digested with
naringinase, the latter being mimic to a metabolic mixture
by intestinal bacteria in the gut.

Materials and Methods

Plant materials. The plant materials were purchased at
crude drug markets in China, and in Japan (Tochimoto
Tenkaido Co., Osaka). The botanical sources were identified
by K. K. and the voucher specimens are deposited at the
Herbarium of Institute of Natural Medicine, Toyama
Medical and Pharmaceutical University.

Chemicals. Naringinase and isoliquiritigenin were pur-
chased from Sigma Co. (St. Louis, Mo. USA). Dulbecco's
modification Eagle's medium (DMEM) was obtained from
Gibco BRL (Grand Island, NY, USA). Fetal bovine serum
(FBS) was purchased from ICN biomedicals, Inc. (Aurora,
Oh. USA). Streptomycin, 0.25 % trypsin, o-nitrophenyl B-
D-galactoside (ONPG) were purchased from Nacalai Tesque
Co. (Kyoto, Japan). 17B-Estradiol was purchased from
Calbiochem Co. (Darmstadt, Germany). Human serum was
obtained from Bio-whittaker (Walkersville, Md. USA). 3-
(4,5-Dimethyl-2-thiazolyl)-2,3-diphenyl-2 H-tetrazolium bro-
mide (MTT), penicillin, norit SX-II charcoal and liquiritin
were purchased from Wako Chem. Co. (Osaka, Japan), and
20T-zymolyase from Seikagaku Kogyo Co. (Tokyo, Japan).
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Dextran 70T was obtained from Amersham Pharmacia
Biotech AB. (Uppsala, Sweden). Liquiritigenin was pur-
chased from Funakosi Co. (Tokyo, Japan). Liquiritin
apioside was given from Tsumura Co. (Ibaraki, Japan).

Preparation and extraction. The dried parts of plants
(10 g) were pulverized and extracted with methanol (50 ml)
for 2 h under reflux. The solution was filtered and the fil-
trate was evaporated in vacuo to give a residue (MeOH ex-
tract).

Treatment of extracts with naringinase. Each MeOH
extract (40 mg) was mixed with 20 mg of naringinase in 2
ml of 0.2 M acetate buffer (pH 4.7), and incubated for 3 h
at 37°C. The mixture was extracted with water-saturated
BuOH (3 ml X 3) and the combined BuOH solutions were
evaporated in vacuo to give a residue (naringinase-treated
extract).

The MeOH extract and naringinase-treated one were
tested for their estrogenic activities using both MCF-7 pro-
liferation and yeast two-hybrid assay systems.

Cells and cell culture. Hormone-sensitive human MCF-7
breast cells were grown in DMEM supplemented with 5%
fetal bovine serum (FBS), penicillin and streptomycin. The
cells were harvested by trypsinization, plated in 96-well tis-
sue-culture plates (Iwaki, Chiba, Japan) at a concentration
of 5X 10? cells/well in DMEM supplemented with 5% FBS,
and allowed to stand for 24 h. Then the culture medium was
replaced with phenol red-free DMEM containing 10% heat-
inactivated dextran/charcoal-stripped (DC) human serum
prior to the addition of test compounds.'? Stock solutions of
test compounds in DMSO were diluted with DC medium.
The final DMSO concentrations in culture medium were
less than 0.1%, in which this concentration affected no cell
viability. After 4 days in a humidified incubator at 37°C
with 5% CO., the growth of the cells was measured by the
MTT method.”

Yeast two-hybrid assay. The yeast two-hybrid assay was
carried out according to the method of Nishikawa e al.”
Briefly, yeast cells expressing rERa were grown overnight
at 30°C with shaking in synthetic defined (SD) medium
lacking tryptophan and leucine. Yeast cells were treated
with a test compound for 4 h at 30°C, and B-galactosidase
activity was determined as follows. The growth of the yeast
cells were monitored by measuring the absorbance at 600
nm. The treated yeast cells were collected by centrifugation
(8000 X g for 5 min) and resuspended in 200 pl of Z-buffer
(0.1 M sodium phosphate, pH 7.0, 10 mm KCI and 1 mm
MgSOx) containing 1 mg/ml zymolyase at 37°C for 15 min.
The reaction was started by addition of 40 ul of 4 mg/ml
o-nitrophenyl B-p-galactopyranoside (ONPG). When the
yellow color was developed (incubation time: 7), 100 pl of
1 M NaxCOs were added to stop the reaction. The absorbance
of solution (150 ul) was measured at 420 and 550 nm. -
Galactosidase activity () was determined using the follow-
ing formula:

U=1000 X (As20-1.75 X Asso) / (t-X0.05 X Asoo)

Analysis by high-performance liquid chromatography
(HPLC). Each extract (10 mg) was dissolved in MeOH (10
ml) and filtered through 0.45 um Millipore filter. A 20 pl
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portion of each extract was analyzed by HPLC. The HPLC
was performed on a CCPM-1I (Tosoh co., Tokyo, Japan)
equipped with a Tosoh UV-8020 spectrometer and a
Shimadzu C-R 6A chromatopac (Shimadzu co., Kyoto,
Japan) using a TSKgel ODS-80Ts column (Tosoh Co.; col-
umn size, 150 mm X 4.6 mm i.d). The mobile phase was 2%
acetic acid (v/v) (solvent A) and acetonitrile (solvent B) at
a flow rate of 1 ml/min. The column was eluted with a lin-
ear gradient started from 15% B in A to 30% B at 35 min,
and then 60% B at 70 min, 90% B at 100 min, and 100% B
at 110 min. The elution profile was monitored at 250 nm.

Analysis of data. The data obtained were subjected to
Students t-test and significance was assessed using 95%
confidence intervals.

Results and Discussion

Estrogenic activity of medicinal plant extracts. The
MeOH extracts and their naringinase-treated extracts of 29
medicinal plants were screened for estrogenic activity using
two indices, MCF-7 proliferation and induction of pB-
galactosidase in a yeast two-hybrid assay method (Table 1).

Most of the MeOH extracts (naringinases-untreated
ones) showed moderate estrogenic activity with the MCF-7
proliferation assay. However, 7 of the 29 MeOH extracts in-
creased their estrogenic activity after treatment of
naringinase. Three extracts of Alpinia katsumadai (seeds),
Glycyrrhiza uralensis (roots) and Moghania philippinensis
(roots) showed high estrogenic activity evaluated by the
yeast two-hybrid assay. A. katsumadai (seeds) have been re-
ported to contain a variety of diarylheptanoids, chalcones,
flavonoids and stilbenes.'*'® These stilbenes and flavonoids
were reported to exhibit estrogenic activity.'”'® From the
roots of G. wuralensis, several flavonoid glycosides
(liquiritin, isoliquiritin efc.) and triterpene oligoglycosides
have been isolated.'*?® From M. philippinensis, several
flavonoids, including prenylflavonoids and genistein, were
isolated.?*?

Comparative HPLC investigations. Naringinase-treated
and -untreated MeOH extracts of the roots of G. uralensis
were analyzed by HPLC (Figure 1A-B), at a wavelength at
250 nm, which enables to detect most flavonoids.” The
major constituents were liquiritin (1), liquiritin apioside (2),
liquiritigenin (3) and isoliquiritigenin (4), which were iden-
tified by comparison of the retention times with those of
authentic samples. When 1 and 2 were treated with
naringinase, the former was converted to 3, but the latter
was not hydrolyzed to an aglycone. In the naringinase-
treated extract, aglycones 3 and 4 were significantly in-
creased accompanied by the decrease of a peak at 13 min,
corresponding to 1 and 2. Of these, 4 was reported to have
antitumorgenic activity or estrogen-dependent growth pro-
moting effects on MCF-7 breast cancer cells.*?

Estrogenic activity of constituents of Glycyrrhiza
uralensis. The estrogenic effects of constituents of G.
uralensis are shown in Fig. 3, in which 17B-estradiol was
used for positive control. In MCF-7 cell proliferation and
yeast two-hybrid assays, 1 and 2 did not show any
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Fig. 1. HPLC Chromatograms of constituents in the naringinase-treated (B) and nariginase-untreated (A) MeOH extracts from roots of
Glycyrrhiza uralensis.
1 : liquiritin, 2 : liquiritin apioside, 3 : liquiritigenin, 4 : isoliquiritigenin
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Fig. 2. Chemical structures of constituents of G. uralensis.
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Fig. 3. A: Dose-response effect of some constituents on the proliferation of MCF-7 cells. The bar at each point is the standard error of at least

three independent experiments (n=6).

B: Induction of -galactosidase dependent on an estrogen receptor (ERa) binding. The bar at each point is the standard error of three inde-
pendent experiments (n=3). Significantly different from the control at p<0.01 (**).

appreciable estrogenic activities. On the other hand, 3 and
4, which were increased in contents after treatment with
naringinase, showed significant MCF-7 cell proliferation
and high B-galactosidase activities. When compared to the
corresponding glycosides, the higher estrogenic activities of
these aglycones are attributable to the remove of sugar
moieties by naringinase.

In conclusion, we developed a glycosidase-pretreatment
method to evaluate estrogenic activity of various medicinal
plant extracts, which may mimic the bacterial hydrolysis of
the glycosidic precursors of phytoestrogens. Therefore, the
glycosidase-pretreatment method is more reliable to evalu-
ate phytoestrogenic activity of crude drugs, especially in the
case of oral administration of these drugs.
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