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SUMMARY

Endocrine disrupters have similar structure or/and ability to bind to hormonal receptors leading to changes
in expression of target genes. Plant-derived compounds with estrogenic activity are called phytoestrogens.
Estrogen plays important roles in tissue development, homeostasis and functional performance of various
systems including reproductive, skeletal, and cardiovascular systems. Scientific evidences have supported
phytoestrogen use in hormone replacement therapy, prevention of osteoporosis, cardiovascular diseases and
cancers. However, both beneficial and adverse effects of phytoestrogens have gained great attention. The
diversified flora of Vietnam contains various plants used in traditional herbal remedies but most of those come
from folk experiences and lack scientific improvement and evidences. Therefore, phytoestrogen research may
help to clarify the treatment mechanism and enable to find out starting materials for drug discovery. We have
identified estrogenic activity of various plant extracts using in vitro assays and effects of some plant-derived
compounds on skeletal, reproductive and cardiovascular systems of wild type and estrogen receptor, aryl
hydrocarbon receptor (dioxin receptor) knockout mice. We have realized that, with attention and cooperation
of scientists and institutions of different fields, phytoestrogen study may have high contribution in medical
research of Vietnam.
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INTRODUCTION

Plant-derived compounds and other groups of
natural products have been used as starting materials
for drug discovery (Feher and Schmidt, 2003) and
considered as lead structures for antibacterial
therapies (von Nussbaum et al., 2006). A diverse
group of plant originated non steroidal compounds,
so-called phytoestrogens, with similar structure
or/and ability to cause estrogenic effects, either
agonist or antagonist and has gained a great attention
(Yildiz, 2005). As other groups of endocrine
disrupters, phytoestrogens can bind to estrogen
receptor alpha (ERα) and beta (ERβ) leading to
changes in expression of target genes.

Estrogen plays important roles in tissue
development, homeostasis and functional
performance of various systems including
reproductive, skeletal, and cardiovascular systems. A
number of epidemiological and clinical studies have
shown that phytoestrogens may have reproductive
effects and protective action against prostate and

breast cancers, cardiovascular diseases, menopausal
symptoms and osteoporosis (Adlercreutz, 2002;
Johnston, 2003). Beside beneficial effects,
phytoestrogens have been considered to have risks
for animal and human health such as decrease in
fertility (Leopold et al., 1976), reproduction and
development disruption in wild life and human by
either mimicking or inhibiting the action of the
gonadal steroid hormones, estradiol and testosterone
(Kang et al., 1998, Vinggaard et al., 1999), high risk
of breast cancer (Messina et al., 2006) and so on.
The intervention of these compounds in living
organisms has been debated for more than 40 years
(Mendes, 2002).

The diversified flora of Vietnam contains
various plants used in traditional herbal remedies
(Đỗ Tất Lợi, 1999). A number of remedies have
been used for reproductive disorder and hormone-
regulated diseases. However, the use of traditional
herbal remedies mainly originates from folk
experiences and needs scientific improvement and
evidences. We hypothesized that the plants used in
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those treatments may contain phytoestrogens that
elicit desired effects. Therefore, the discovery of the
present and effects of this compound group in ready-
in-use remedies and herbal plants may help to clarify
the treatment mechanism, promote more effective
medication, and support drug discovery.

Phytoestrogen identification and evaluation

In order to discover estrogenic compounds
contained in plants and herbal remedies, the
recommended procedures for plant extracts or plant-
derived compounds usually consist of screening
estrogenic activity (both agonist and antagonist) and
evaluating potentially beneficial as well as possible
adverse effects in living organisms.

Screening steps

In vitro test systems offer the possibility to
screen estrogenic compounds very efficiently that
consist of (1) receptor binding assay (yeast stably
expressing human ER and corresponding β-
galactosidase reporter gene is currently applied), (2)
cell-proliferation assays (or E-screen, in which
proliferation MCF-7 human breast cancer cells -
estrogen sensitive cells are targeted), (3) reporter
gene assays for investigating gene functions, and (4)
the analysis of the regulation of endogenous estrogen
sensitive genes in cell lines. The basic of these
systems is molecular mechanism involving in the
classical estrogen action (Diel et al., 1999).

Testing estrogenic effects in vivo

In vitro tests should be followed by in vivo
experiments to confirm the estrogenic actions of a
compound in living organisms. Immature rat
uterotrophic assay that determines growth of the
uterus gravimetrically in response to administration
of chemical and provides information on the ability
of chemical to influence an estrogen-responsive
process in living animals (Ashby, 2001). The assay
was proposed by The Organization for Economic
Cooperation and Development (Yamasaki et al.,
2002). In the procedure, animals are subcutaneously
or orally injected with test chemicals for 3 days.
Twenty four hours after the final dose, the animals
are killed. The uterus is then collected for
anatomical, histological and gene expression
evaluation. The expression of estrogen-regulated
genes like ERα, ERβ, insulin-like growth factor
(IGF-1), and complement C3 in uterus is usually
measured. Being considered as the “classical target

organ” of estrogen, uterus is used as the reference for
other target organs of a phytoestrogens like bone,
muscle, mammary glands, heart, and vasculature.

Supporting methods for in vivo study

An array of methods including haemological,
imaging, chemical, and molecular methods is
available for in vivo tests. Among those named
high-performance liquid chromatography (HPLC) to
measure concentrations of compounds in serum and
target organs), ELISA to identify concentration of
serum hormones due to effects of treated
compounds), histological methods (microscope
observation, immunohistochemistry, chondrocyte
staining), computer tomography (CT) to define bone
mineral density, PCR and microarray to examine
expression of phytoestrogen-regulated genes, and
Western blot to detect expression of steroid
hormone-regulated proteins.

PUBLISHED RESULTS

Identification of estrogen receptor binding ability
some plant extracts of Vietnam

Receptor binding assay was used to assess
estrogenic activity of ethanol extracts from
Plumbago zeylanica (bạch hoa xà) from Plumbago
zeylanica (bạch tuyết hoa), Radix puerariae (cát căn)
from Puerariae lobata (sắn dây), Radix pseudo-
ginseng (tam thất), from Panax noto-gingseng (nhân
sâm tam thất), Caulis dendrobii (Thạch hộc) from
Dendrobium sp. (thạch hộc hay hoàng thảo),
Medulla tetrapanacis (thông thảo) from Tetrapanax
papyrifera (thông thoát), and Rhizoma cyperi (hương
phụ) from Cyperus rotundus (củ ấu). These remedies
have been used in treatment of reproduction
disorders and hormone- or/and reproductive system-
related diseases (Đỗ Tất Lợi, 1999). The results
indicated that 3 (Plumbago zeylanica, Radix
puerariae, and Caulis dendrobii) out of 6 test
extracts had estrogenic activity shown in ability to
by to human ER introduced in yeast strain. Among
three estrogenic extracts, Caulis dendrobii showed
binding ability to estrogen receptor in dose-
dependence manner. Extract from Caulis dendrobii
(10µg/ml) and Plumbago zeylanica (5g/ml) gained
similar ER binding affinity to estradiol at 17β-
estradiol 10-9M, whereas Radix puerariae extract at
the concentration of 5µg/ml gained higher binding
affinity compared with estradiol (Nguyen, 2003a).
Our study (unpublished) found that ethanol extracts
from “cà lồ” and “ba bét” also showed ability to bind
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to ER expressed in the yeast system.

Effects on breast cancer cell proliferation

The research (Nguyen, 2003) confirmed that
extract from Radix puerariae (cát căn) showed
estrogenic action in MCF-7 human breast cancer
cells in culture. The extract induced cell proliferation
in dose-dependence manner, proliferation elevation
at low concentrations and vice versa. Our previous
study (Nguyen, 2003b) found similar action of
extracts from Cudrania tricuspidata and Cortex
mori, other popular remedies in Asia. It is suggested
that some plant and herbal remedies possess
estrogenic compounds and can be considered as
candidates for treatment of postmenopausal
symptoms and hormone-dependent cancers like
breast and uterus cancers. However, further in vivo
and clinical trials should be conducted to confirm the
potential use.

Establishment of new animal models in
phytoestrogen research

The important aim in phytoestrogen research is
seeking for compounds with beneficial effects (i.e.
bone and cardiovascular protection) and without
adverse influences like uterus and prostate
hypertrophy, mammary gland development
promotion. This selective intervention depends on
the present of ER subtypes in the organ, the chemical
properties, administration doses, and duration of
exposure.  A compound with these ideal criteria can
be defined as a “good” estrogen receptor modulator
(ERM).

It is shown that uterotrophic assay can assess
estrogenic action at high doses with acute injection.
The long term effects with low doses of treatment,
similar to physiological administration, cannot be
completely observed in this assay. Therefore, a
number of animal models for testing chronic and
long term effects of phytoestrogens have been
established. The new models can determine not only
beneficial actions but also adverse effects of test
compounds leading to discovery of desired ERMs.

For this purpose, gonadectomized animals,
considered as estrogen deficiency models were used
instead of immature animals. We developed a rat
model for long term intervention with estrogenic
compounds (Böttner et al., 2006). This model have
been used to assess long term effects of genistein
(one of the main phytoestrogens found in soy
products), equol (a daidzein-derived compound) and,

most recently, for β-ecdysone, another phytoestrogen
(Seidlova-Wuttke et al., 2010)

Estradiol and phytoestrogens may signal through
ERα and ERβ (Van Eickels et al,. 2001). It is
necessary to decipher which ER-subtype mediates
the effects of each estrogenic compound in a certain
organ. Nowadays, ER knockout models can help to
gain the answer. However, wild type models must be
firstly developed for the application in knockout
studies. Therefore, our new mouse model was
established to study effects of long term treatment
with estradiol, and two phytoestrogens genistein and
resveratrol on bone, uterus and the heart (Nguyen et
al., 2007; Nguyen et al., 2008). The following
experiments using estrogen receptor knockout mice
were conducted to identify the role of each estrogen
receptor subtype in mediating cardiac effects of
estradiol and genistein (Nguyen, 2009).

Effects of some plant-derived compounds on
bone.

Beneficially estrogenic effects on bone of
different phytoestrogens like genistein, resveratrol
(rich in grape skin), equol and ecdysone were
confirmed (Sehmisch et al., 2010, Seidlova-Wuttke
et al., 2010). The compounds increased bone mineral
density identified by CT. Especiallly we found that
β-ecdysone has bone protective but no estrogenic
effects (Seidlova-Wuttke et al., 2010). The influence
can be classified as desired outcome of
phytoestrogen application.

The established mouse model helped to find out
that physiological doses of genistein did not show
uterus effects but exert bone protection presented in
the increase in trabecular bone mineral density of
tibia in ovariectomized mice (Nguyen et al., 2007;
Nguyen et al., 2008a). It was reported that aryl
hydrocarbon receptor (dioxin receptor) plays an
important role in bone formation and development
and interacts with estrogen receptor alpha. Genistein,
possibly via estrogen receptor, gained higher bone
loss prevention in dioxin receptor knockout model
(Nguyen et al., 2008b).

Our findings confirm that a number of
phytoestrogens can be used as alternative therapy for
osteoporosis prevention and treatment.

Effects on cardiovascular system

Long term administration with genistein and
resveratrol led to changes in expression of thousand
of genes in left ventricle muscle. Several genes
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belong to the group of estrogen-regulated genes and
related to heart hypertrophy like skeletal muscle α-
actin , smooth muscle β-actin 2, myocardin, α-
myosin heavy chain, β-myosin heavy chain.
Interestingly, heart hypertrophy was not recorded in
the animal underwent long term treatment with
genistein and resveratrol (Nguyen et al., 2007;
Nguyen, 2009). It can be said that some
phytoestrogens may be used for heart hypertrophy
prevention.

Expected research proposal in Vietnam

In vitro screening results suggested that
phytoestrogens can be discovered in a numbers of
plants and traditional remedies of Vietnam. Asian
population including Vietnam has been considered to
be the higher plant product consumer and hidden
herbal remedy owner. The advantages of this
phenomenon are lower incidence of cardiovascular
and some kind of cancer diseases. It is suggested that
an ethnopharmacological survey followed by
laboratory research and clinical trials should be
conducted to seek “hidden” phytoestrogens in
traditional herbal remedies of Vietnam.

CONCLUSIONS

The ancient history of Vietnam’s herbal
medicine has been prolonged with President Ho Chi
Minh Minh’s 1955 appeal for studying the means of
uniting the effects of oriental remedies with
advantages of western medicine for public health.
However, the explanatory research is required for
improving treatment efficacy of each remedy and
phytoestrogen-contained herbal medication is not
excluded. With experiences and continuous finding,
and future cooperation with other vietnamese
scientists, we hope to partly contribute in
phytoestrogen research and, from that, to modern
herbal medicine of Vietnam.
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CÁC PHƯƠNG PHÁP IN VITRO VÀ MẪU ĐỘNG VẬT MỚI ĐÁNH GIÁ HOẠT TÍNH
ESTROGEN CỦA CÁC CHẤT NGUỒN GỐC THỰC VẬT VÀ ỨNG DỤNG VỚI MỘT SỐ
VỊ THUỐC TỪ THẢO DƯỢC VIỆT NAM
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TÓM TẮT

Chất gây rối loạn nội tiết có cấu trúc tương tự hoóc môn hoặc/và khả năng gắn với các thụ quan của hoóc
môn dẫn đến thay đổi biểu hiện của các gen đích. Các chất có nguồn gốc thực vật với hoạt tính estrogen được
gọi là các phytoestrogen. Estrogen đóng vai trò quan trọng trong quá trình phát triển và thực hiện chức năng
của hệ sinh dục, hệ xương, hệ tim mạch. Các kết quả nghiên cứu tạo cơ sở cho việc sử dụng phytoestrogen
trong liệu pháp thay thế hoóc môn, phòng loãng xương, bệnh tim mạch và một số bệnh ung thư. Tuy nhiên, tác
dụng cũng như ảnh hưởng của các phytoestrogen vẫn đang được nghiên cứu. Hệ thực vật đa dạng của Việt
Nam với nhiều cây thuốc có khả năng chữa bệnh nhưng cơ chế tác dụng của chúng chưa được chứng minh đầy
đủ. Chính vì vậy, nghiên cứu các phytoestrogen có thể góp phần làm sáng tỏ cơ chế này và nâng cao hiệu quả
điều trị của nhiều cây thuốc Việt Nam, tạo cơ sở cho tổng hợp dược phẩm mới. Từ những kết quả nghiên cứu
in vitro chứng minh khả năng kết hợp với thụ quan estrogen và tác động đến tế bào ung thư vú của một số chất
chiết từ thực vật; kết quả xác định ảnh hưởng đến hệ xương, hệ sinh dục, hệ tim mạch của một số chất có
nguồn gốc thực vật trên chuột bình thường và chuột bất hoạt gen mã hoá thụ quan hoóc môn,  chúng tôi cho
rằng nghiên cứu về các phytoestrogen có tiềm năng ứng dụng to lớn tại Việt Nam nếu được sự quan tâm, hợp
tác của các nhà khoa học và các cơ quan khoa học thuộc nhiều lĩnh khác nhau.

Từ khóa: chất gây rối loạn nội tiết, phytoestrogens, phương pháp in vitro, mẫu động vật, thảo dược, Việt Nam
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