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ABSTRACT - To investigate whether there are estrogenic and anti-estrogenic activities in various medicinal
herbs and discover prominent chemo-preventive agents, we screened and compared the ethanol extracts of 9 plants
through the recombinant yeast assay and MCF-7 human breast cancer cell assay. In recombinant yeast assay, seven
medicinal herbs showed estrogenicity, and four extracts showed androgenecity. In MCF-7 proliferation assay, the
growth of MCF-7 cells was inhibited by eight extracts before and even after co-treatment with bisphenol A. It is
interesting that the extracts of Glycyrrhiza uralensis, Cassia tora, Syringa velutina, Zingiber officinale, Malva
verticillata, and Panax ginseng C.A. Meyer exhibited inhibitory effects as phytoestrogens in estrogen-responsive
human breast cancer cells. This study suggests that some Korean medicinal herbs might be considered as
phytoestrogens and be useful to further analyze those plants which contain the estrogenic effect in order to identify
the active principles.
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Herbal medicines have been used in medical practice
for thousands of years and recognized especially as a
valuable and readily available resource for healthcare in
East Asian nations. In addition, it may well be that phy-
toestrogen can be found in many medicinal herbs since
they are composed of various plant materials.” Phy-
toestrogens are estrogen-like substances that have a
diphenolic and nonsteroidal structure and are found in
many plants including fruits, vegetables, legumes, whole
grains, and especially in soybean products.? Phytoestro-
gen-rich diets have been suggested to prevent or alle-
viate estrogen-related diseases or conditions including

*Author to whom correspondence should be addressed.

cardiovascular diseases, menopausal symptoms and
post-menopausal osteoporosis.” In addition, phytoestro-
gen research has brought about a great impact in plant
consumption by humans, and most the results concluded
that routine consumption of phytoestrogen-rich plant
products would benefit the body for all ages and sex,
mostly in terms of cancer protection.”

As the other issues, endocrine disruptors may cause
the dysfunction of reproductive organs (cryptochidism,
hypospadias, decline in sperm concentration etc.) and
steroid hormone-dependent human cancers (breast, pros-
tate, colon, etc.), which are a leading cause of morbidity
and mortality in industrialized countries.>® Among
them, bisphenol A (BPA) is a well-known estrogenic
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molecule” used extensively as a monomer in the plastics
industry.® BPA has been reported to have estrogenic
actions such as uterotrophic effects,” decreased sperm

' and promotion of cell proliferation in a
1

production
breast cancer cell line.

In the present study, we screened medical herbs in
Korea regarding their effects as phytoestrogens by
recombinant yeast assay and MCF-7 proliferation assay.
In addition, we discussed whether these plants have
inhibitory effects of BPA. These results may provide
useful information on further discovering chemopre-
ventive phytoestrogens.

MATERIALS AND METHODS

Plant materials

All plants from Kyungsan Province, Korea, were pur-
chased in the Kyungdong oriental medicine market,
Seoul, Korea. The fresh plants were washed, disinte-
grated and extracted with ethanol for 24 h. The crude
extracts were obtained by subjecting them into silica gel
chromatography and were evaporated to dryness with a
rotary evaporator. The names of these medicinal herbs,
plant parts, and their traditional use are listed in Table 1.

Estrogen and androgen-receptor assay
Recombinant yeast strains (Saccharomyces cerevisiae
ER + LYS 8127(YER) and S. cerevisiaie AR + 8320
(YAR)) were kindly provided by Dr. Donald P. Mcdon-
nell (Duke University Medicinal Center, USA). The
yeast cells were allowed to grow the OD,,  value of
1~2, then treated with natural products in diluted yeast.
As positive controls, 17- estradiol (E2; 10° M) and nor-
testosterone (NT; 10 M) were used in the estrogen- and

androgen-receptor assay, respectively. After 18 h in a
shaking incubator, B-galactosidase activity was mea-
sured with OD,,, and OD,, _values from each well
using Titertek multiskan MCC/344 plate reader after
allowing the tube to stand for 20 min. The OD,,,
of each well was corrected by subtracting the OD
value. Values represented the mean (ratio) of 3 inde-
pendent experiments for each samples.

value

MCF-7 cell proliferation assay

MCF-7 cell proliferation assay was referred to our pre-
vious procedure.'” The cells were placed in an incubator
maintained under 5% CO,, 95% air condition at 37°C.
All compounds were diluted with the phenol red-free D-
media supplemented with 5% dextran-coated charcoal-
stripped FBS (DCC-FBS; Hyclone, USA) and 3ml/ Pen-
icillin-Streptomycin-Neomycin (PSN) antibiotic mixture
(test media). The cells (5x10%ml) were seeded in a 6-
well culture plate (2 ml/well) in triplicate, and allowed to
attach for 24 h. The cells were incubated at 37 °C for 3
days, and the test media were changed once. DNA con-
tent in the clear lysate was measured at OD,,  with a
spectrophotometer (Du 650, Beckman, Fullerton, USA).
Values represented the mean (ratio}) of 3 independent
experiments for each samples.

Statistical Analysis

Data were analyzed using SAS program (SAS insti-
tute, USA) for one-way ANOVA. If the overall F-test
was significant, the two-tailed Dunnett’s t-test was per-
formed to determine significant differences at the level
of P<0.05 between the means of the treatment and con-
trol groups. Fold induction of natural product relative to

control was determined by OD,,. and OD_ _ values.

420nm 590nm

Table 1. Korean medicinal herbs collected and their traditional use

Herbal medicines Family Plant parts Uses in Korea
Glycyrrhiza uralensis FISCH Leguminosae Root Allergic-inflammation
Angelica gigas NAKAI Umbelliferae Root Anemia, circulatory disorders
Cassia tora L. Leguminosae Seed Various ailments
Syringa velutina var. Kamibayashii. T Lee Oleaceae Root Abdominal distension
Zingiber officinale Rosc. Zingiberaceae Root Inflammation, osteoarthritis
Carthamus tinctorius L. Compositae Seed Inflammation, osteophoresis
Astragalus membranaceus BUNGE Leguminosae Root Cardiotonic, diuretic
Malva verticillata L. Malvaceae Root Diuretic
Panax ginseng C.A. Meyer Araliaceae Root Anticancer
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RESULTS

Estrogenic or Androgenic effects of plant extracts

A total of 9 ethanolic extracts were investigated. Table
2 show that extracts from Syringa velutina, Astragalus
membranaceus and Panax ginseng C.A. Meyer exhib-
ited estrogenic activities at the high concentrations (1000
ng/ml). However Glycyrrhiza wralensis, Cassia tora,
Zingiber officinale, and Malva verticillata showed estro-
genic activities at the high and medium concentrations
(1000 pg/ml and 100 pg/ml). By the yeast-based andro-
gen receptor assay, Glycyrrhiza uralensis, Cassia tora,
and Syringa velutina are shown to possess androgenic
activities at the high concentrations. However, Zingiber
officinale showed androgenecity in high and medium
concentrations.

Anti-proliferation effects of the plant extracts
and antagonic effects treated with bisphenol A
(BPA)

Anti-proliferation effects of the same set of plant
extracts were evaluated by measuring the abilities to
inhibit proliferation of estrogen-dependent MCF-7
breast cancer cells in culture. Table 3 shows that Gly-
cyrrhiza uralensis, Angelica gigas, Cassia tora, Zingiber
officinale, Carthamus tinctorius and Malva verticillata
possessed anti-proliferation effects at the high concen-
trations. On the other hand, Syringa velutina and Panax
ginseng C.A. Meyer showed anti-proliferation activities
at the medium concentrations. Zingiber officinale
showed anti-proliferation activity in high and medium
concentrations.

We next examined the combination of 8 pug/ml BPA

Table 2. Hormonal activities of Korean medicinal herbs in the yeast screen

Estrogen Receptor Androgen Receptor
Herbal medicine
1000 (pg/ml) 100 (ug/ml) 1000 (pg/ml) 100 (ug/ml)
Glyeyrrhiza uralensis FISCH 2.5539 43844 2.0470° 1.0490
Angelica gigas NAKAI 0.5055 0.7972 1.1681 1.0559
Cassia tora L. 2.7423° 2.1689° 1.3390° 1.1125
Syringa velutina var. Kambibayashii. T Lee 1.6587" 0.7778 2.1261° 0.9734
Zingiber officinale Rosc. 1.7896 3.7354 1.2308" 1.2303"
Carthamus tinctorius L. 1.0699 0.9408 1.1490 1.0869
Astragalus membranaceus BUNGE 2.12717 0.9681 0.8788 0.8683
Malva verticillata L. 2.2366 1.3205 0.6458 1.1316
Panax ginseng C.A. Meyer 1.6206 0.8944 0.7769 0.7547

Fold induction of natural product relative to control was determined by OD

oonm @0 OD - values. As positive controls, 17p estradiol

and nor-testosterone were used in recombinant yeast assay. *, Significantly different from the non-treated control group by Dunnett’s t-

test (P<0.05). Each experiment was performed in triplicate.

Table 3. Inhibitory effects of Korean medicinal herbs in MCF-7 cells

Treated alone with bisphenol A
Herbal medicine
1000 (pg/ml) 100 (ug/ml) 100 (ug/ml)
Glycyrrhiza uralensis FISCH 0.2646 0.9663 0.6047°
Angelica gigas NAKAI 0.1706' 0.9140 0.1553"
Cassia tora L. 0.5434° 1.7540 2.6472
Syringa velutina var. Kambibayashii. T Lee 1.8656 0.4615" 0.6239"
Zingiber officinale Rosc. 0.4512 0.2916 0.2853°
Carthamus tinctorius L. 0.1254" 1.1423 1.1615"
Astragalus membranaceus BUNGE 0.9754 1.0001 1.4258
Malva verticillata L. 0.4096° 1.2410 1.3082°
Panax ginseng C.A. Meyer 1.1317 0.7777" 1.2465

Fold induction of natural product relative to control was determined by OD

oonm @0 OD values. As a positive control, bisphenol A

was used in MCF-7 cell proliferation assay. *, Significantly different from the non-treated control group by Dunnett’s t-test (P < 0.05).

Each experiment was performed in triplicate.
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with 100 pg/ml plant extracts. Eight extracts except Cas-
sia tora were found to inhibit cell growth of the estro-
gen-dependent cell line at 100 pg/ml, with corresponding
treatment of BPA (Table 3).

DISCUSSION

The recombinant yeast assay in the present study was
adapted to 96-well microtiter plate, which requires only
a single treatment of the indicator cells with the estro-
genic substance to induce an estrogenic response. This
system makes the yeast estrogen screen ideal for large-
scale screening purposes, in addition to being one of
highly sensitive estrogen or androgen screens available.
In the present study, the recombinant yeast screen was
capable of detecting a number of korean medicinal
herbs. In the recombinant yeast assay, Glycyrrhiza
uralensis showed estrogenic potency 1.10~1.90 times
higher than positive control (17p-estradiol). In addition,
some of the medicinal herbs, such as Cassia fora,
Syringa velutina, Zingiber officinale, Astragalus mem-
branaceus, Malva verticillata and Panax ginseng C.A.
Meyer were found to have estrogenic activity related to
vehicle control (DMSO 0.1%). Glycyrrhiza uralensis,
Cassia tora, Syringa velutina and Zingiber officinale
exhibited potency of estrogenicity and androgenecity.
Messina and co-workers have reported the potential clin-
ical benefits of dietary phytoestrogens in their study
showing that Asian populations, who share a high con-
sumption of soy-based foodstuffs, have markedly lower
incidences of breast and prostate cancers.'” In addition,
the estrogenic activity of some of the flavo-estrogens,
such as naringenin, apigenin and kaempferol have been
suggested as cancer protective substances in foodstuffs.'*
These results are in agreement with that of previous
study comparing estrogenicity of foodstuffs."”

The medicinal herbs were evaluated in the mammalian
MCF?7 cell proliferation assay. The MCF-7 human breast
cancer cell line is well-established in vifro model char-
acterized by its estrogen responsiveness.'® It has been
frequently used to test the effects of E2 mimics on the
pathway(s) linking estrogen receptor binding to gene
expression and cell proliferation.'” In this assay, eight
herbs such as Glycyrrhiza uralensis, Angelica gigas,
Cassia tora, Syringa velutina, Zingiber officinale,
Carthamus tinctorius, Malva verticillata, and Panax gin-

seng C.A. Meyer exhibited inhibition of cell growth.
Several studies have shown that some of flavo-estrogen
were active in the MCF-7 cell proliferation assay in
accord with results from the yeast screen.'*'*! However,
genistein as representative flavonoid showed a much
lower activity in MCF7 assay.*” Recently a biphasic
effect of genistein was seen with a low dose stimulating
intestinal cell proliferation through the estrogen receptor,
whereas a high dose of genistein inhibited intestinal cell
proliferation and altered cell cycle dynamics.”) In vivo
study, no comprehensive effects on the reproductive
organs have been reported with genistein during the
perinatal period.”? In our results by recombinant yeast
and MCF-7 proliferation assay, the medicinal herbs
exhibited estrogenicity or androgenicity in recombinant
yeast assay, and some of them inhibited growth of
MCEF7 cells. In our previous study, Glycyrrhiza uralensis
induced chemopreventive effect through the Bcl-2/Bax
family of apoptotic regulatory factors in MCF-7 cell."?
There were some of the discrepancies between the two
systems, at least partly, due to differences in biotrans-
formation capacity between the yeast mammalian cells.

Bisphenol-based polymers have been used in thou-
sands of products. Bisphenol induce a higher luciferase
activity in the MCF-7 transfected cells than that reported
for E2.* This phenomenon has been described in dif-
ferent reporter gene assays™*® but its mechanism
remains unknown. Our investigations revealed that G/y-
cyrrhiza uralensis, Angelica gigas, Syringa velutina,
Zingiber officinale, Carthamus tinctorius, Astragalus
membranaceus, Malva verticillata and Panax ginseng
C.A. Meyer inhibited the growth of MCF 7 cells even
after co-treatment with BPA. It has been reported that
chronic exposure to environmental estrogens has major
impacts on reproductive impairments in humans and ani-
mals.”” On the other hand, phytoestrogens-natural com-
pounds were reported to decrease the risk of breast
cancer and heart disease.’® Both environmental estro-
gens and phytoestrogens have been reported to exert
estrogenic activity mediated through estrogen recep-
tors.”” We conclude that some of the medicinal herbs
might exert a higher estrogenic activity than BPA.
Ramanathan et af isolated two phytoestrogen (PE) spe-
cific genes (PE-~13.1 and pRDA-D) from MCF-7 cells,
and reported that PE-13.1 transcript was up-regulated by
phytoestrogens (genistein and zearalenone) and was
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nonresponsive to estradiol. Conversely, the pRDA-D
transcript was down-regulated by both phytoestrogens
and estradiol.”® This suggests that PE specific genes
might be used as molecular markers in understanding the
chemopreventive mechanism between phytoestrogen
and endocrine disruptors in MCF-7 cells.

We showed the inhibitory effects of the Korean medic-
inal herbs as phytoestrogens using recombinant yeast
and MCF-7 cell proliferation assay. Although the active
principles responsible for the antioxidant activity of the
tested extracts have not been identified in this study, it

will be useful to further analyze those herbal medicines.
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