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CHAPTER I 

INTRODUCTION 

 

1.1 General Introduction 

Thailand has abundant natural resources, especially plant biodiversity, as well as 

the accumulated knowledge of how to use these plants for medicinal applications. In 

Thailand, at least 1,800 plant species are reported as the ingredients of traditional 

medicines (Schippmann et al., 2002). The learning experience from the ancient times 

in using various parts of each medicinal plant for healing and treating human illness 

has been transferred from generation to generation in Thai society. The knowledge of 

Thai traditionally herbal medicine is one of the most valuable heritages from Thai 

ancestors and many traditionally medicinal remedies have been commercially produced 

and promoted as the alternative medicine for primary health care.  

In Thailand, the market of herbal products in 2020 reached 180,000 million baths, 

in which the majority of revenue came from cosmetics (10,000 million baths), 

supplement products (80,000 million baths), and traditional medicine (10,000 million 

baths), which the herbal market has been predicted to increase each year (Kwankhao et 

al., 2020). The surveys of medicinal plants and natural products in Thai markets 

revealed that traditional women remedies and postpartum drugs were the best sellers. 

Also, many women preferred to use traditional medicines for adjusting normal 

menstrual cycle, promoting   blood circulation, lightening skin color and balancing 

women’s health (S. Poomirat et al., 2020a; Wisodsongkram and Kitiyodom, 2020). In 

 



2 

general, these tradition remedies for women include at least one of medicinal plants 

containing phytoestrogenic compounds, for example Wan Chak Mot Luk (Curcuma 

comosa Roxb.), white Kwao Krua (Pueraria mirifica Airy Shaw & Suvat, Wan Sak 

Lek (Molineria latifolia (Dryand. ex W.T.Aiton) Herb. ex Kurz), safflower (Carthamus 

tinctorius L), and Szechwan lovage rhizome (Conioselinum univitatum Trucz.).   

Phytoestrogens or phytoestrogenic compounds are naturally produced compounds 

produced by certain plant species that have chemical structure similar to human 

estrogen and possess either estrogenic or anti-estrogenic activities through the 

interaction with estrogen receptors (ERs) in animal and human cells (Glazier and 

Bowman, 2001). Four major classes of phytoestrogens found in typical human diets are 

isoflavones (concentrated in soybeans and soy products), stilbenes (distributed in red 

wine and peanuts), coumestans (found in broccoli and sprouts), and lignans (found in 

seeds, whole grains, berries, and vegetables) (Poluzzi et al., 2014). The physiological 

functions of phytoestrogens on animal and human cells are largely mediated through 

ERs; estrogen receptor alpha (ERα) and estrogen receptor beta (ERβ) (Paterni et al., 

2014). In humans, each ER is differently expressed in tissues/organs at divergent levels 

to control physiological functions of various organ systems, such as reproductive, 

skeletal, cardiovascular, and central nervous systems. There are some common 

physiological roles for the two ERs, such as in the development and function of the 

ovaries, and in the protection of the cardiovascular system. In principle, ERα is present 

mainly in mammary gland, uterus, ovary, bone, prostate, liver, and adipose tissue. The 

alpha subtype has a more prominent role on the mammary gland and uterus, as well as 

on the preservation of skeletal homeostasis and the regulation of metabolism. By 

contrast, ERβ is found mainly in the prostate, bladder, ovary, colon, adipose tissue, and 
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immune system. The beta subtype seems to have a more profound effects on the central 

nervous and immune systems (Warner et al., 2017). In general, the ERα activation by 

estrogens is considered responsible for the enhanced proliferation of MCF-7 cell, 

whereas this is counteracted by the presence of ERβ, which exerts an anti-proliferative 

effect (B. Huang et al., 2014). From these informations, phytoestrogens that are capable 

to bind only certain ER subtype or both ER subtypes are very likely to exhibit similar 

or different effects on human. Nevertheless, the information regarding the binding 

capacity of each phytoestrogen to the ER subtypes is very limited and still in need, 

which is one of the interested purposes of this study. In addition, the information of 

whether the traditionally medicinal plants for women remedies really contains 

phytoestrogens is still questionable. Thus, the simple, easy, and fast method to 

determine phytoestrogens in medicinal plants is also in need and it is one of the 

interested questions in this study. 

 To determine whether the medicinal plants contain phytoestrogens, several in vitro 

techniques have been developed, which generally measure estrogenic and anti-

estrogenic activities of the plant extracts. Examples of in vitro assays to determine 

estrogenic and anti-estrogenic activities are listed below. The E-screen assay is the 

classic estrogenic activity assay, which is based on the use of established estrogen-

responsive cell lines, such as ERα 

positive MCF-7 cell line, to determine the estrogenic activities of the tested compounds 

via the evaluation of the increase of cell proliferation in response to the tested 

compounds. The limitation of this assay is the long assay duration of approximately 5-

7  days to determine the cell proliferative effect (Soto et al., 1995).  Alternatively, the 

two hybrid assay offers a shorter assay time (few hours) and a higher sensitivity of 
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detection. This assay relies on the use of yeast or mammalian cells that genetically 

modified for determining the ligand-ER interaction. 

Based on the advantages of the two-hybrid assay, this work is interested on the 

production of the yeast two hybrid (Y2H) system to determine phytoestrogens in 

medicinal plant extracts and commercial traditional medicines.  In this system, the 

genetically modified yeast cells can produce two fusion proteins; the DNA binding 

domain (BD) of GAL4 fused ligand binding domain (LBD) of ERs (referred to as BD-

ER) and the activation domain (AD) of GAL4 fused receptor interaction domains (RID) 

of co-activation (CO) proteins (referred to as AD-CO). Two CO proteins are used in 

this work; transcriptional intermediary factor 2 (TIF2) and steroid receptor coactivator-

1 (SRC1). The interaction between the tested compounds (phytoestrogens) and the BD-

ER protein recruits the AD-CO proteins, thus reconstituting a functional transcription 

factor. As the result, RNA polymerase II is recruited to activate the expression of the 

reportor gene, the beta- galactosidase gene. With the substrate, 2- nitrophenyl- D-

galactoside (ONPG) , the enzyme beta-galactosidase can change the substrate to the 

purple product, which can be measured by a spectrophotometer.  The color intensity 

reflects the phytoestrogenic activity of the tested compounds. Thus, the Y2H system is 

the simple and fast assay is not only to dissect the functions of the tested compounds 

through each ER subtype, but also to identify its effective co-activation proteins, which 

differently localizes at different tissues/organs in order to understand their molecular 

actions (Bruckner et al., 2009; Mueller, 2002). 
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1.2 Objectives of the Thesis 

1) To construct four Y2H systems and compare their capabilities to measure 

estrogenic activity of the standard 17b-estradiol (E2) 

 - pGBKT7-hERα and pGADT7-hTIF2 system 

- pGBKT7-hERα and pGADT7-hSRC1 system 

- pGBKT7-hERβ and pGADT7-hTIF2 system 

- pGBKT7-hERβ and pGADT7-hSRC1 system 

2) To use the suitable Y2H systems to determine estrogenic activities of ethanolic 

and water extracts of 10 medicinal plants via the interaction of ERa and ERb and to 

compare the estrogenic activities of these ethanolic and water extracts under the 

digested and undigested conditions. 

3) To use the suitable Y2H systems to determine estrogenic activities of ethanolic 

and water extracts of 8 commercial traditional medicines via the interaction of ERa and 

ERb and to compare the estrogenic activities of these ethanolic and water extracts under 

the digested and undigested conditions. 

 

1.3 Scopes of the Thesis 

The scopes of this study are shown below, which cover the following experiments. 

- The production of four Y2H systems  

- The efficacies of four Y2H systems to determine the estrogenic activity of the 

standard E2. 
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- Uses of the selected Y2H systems (based on ERa and ERb) to determine the 

estrogenic activities of ethanolic and water extracts of 10 medicinal plants and 8 

commercial traditional medicines at the digested and undigested conditions. 

 

 



CHAPTER II 

LITERATURE REVIEW 

 

2.1 Estrogens and Estrogen Receptors 

2.1.1 Estrogens 

Estrogens are steroid hormones primarily known for their roles in the 

promotion of female sex characteristics and reproductive capability. In humans, 

estrogens are produced from cholesterol in the ovaries and adrenal glands and circulate 

throughout the body where they have effects on most organs and systems, including 

brain, breast, bladder, skin, bone, cardiovascular system, immune system, and 

reproductive system (Figure 2.1-2.2) (Mancinelli et al., 2010). There are 4 types of 

estrogens in the female body: estrone (E1), estradiol (E2), and estriol (E3), and estetrol 

(E4). During a woman’s reproductive years, the principal circulating estrogen is 17β-

estradiol (E2), which is also the most potent form of estrogen (Fuentes and Silveyra, 

2019) The cellular effects of estrogens are mediated by two estrogen receptors, ERα 

and ERβ. The level of E2 synthesis is a critical biochemical change for females and the 

sharp reduction in E2 levels during menopause is commonly associated with various 

diseases observed in post-menopausal women (Amenyogbe et al., 2020). 

Postmenopausal women appears to have the climacteric, hot flashes, vasomotor 

symptoms, cardiovascular disease, and high risk of osteoporosis (Edwards et al., 2019). 

Hormone replacement therapy (HRT) was shown to be effective in reducing some 

symptoms relating with this menopausal transition; such as hot flashes. Also, Women’s 
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Health Initiative (WHI) study suggested that the HRT was efficient to prevent fractures 

associated with osteoporosis in postmenopausal females (Rossouw et al., 2002). 

Nevertheless, there has been a controversial question of the association between HRT 

and breast cancer as some researches showed an increased risk of invasive breast cancer 

associated with the use of exogenous estrogens (Ringa et al., 2005). Therefore, there 

have been many global efforts to develop the suitable preparations that yield the 

benefits of HRT with minimal health risks for postmenopausal females (Brzezinski and 

Debi, 1999). Among these practices, estrogens from foods have been suggested due to 

their low side effects, thus food supplements derived from plants have received 

increasing interests in the markets. 

 

Figure 2.1 The synthesis pathway of estrogen from cholesterol (Mancinelli et al., 

2010). 
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Figure 2.2 Four types of estrogens and their synthesis pathway from cholesterol 

(Mancinelli et al., 2010). 

 

 2.1.2 Mechanisms of estrogen action 

Estrogens can penetrate through the phospholipid bilayer of cells and 

specifically bind to the estrogen receptors (ERs) in the cytosol and move into the 

nucleus (Macgregor and Jordan, 1998). With estrogen, the receptors form a dimer and 

bind to specific response elements (estrogen response elements; EREs) located in the 

promoters of the target genes. Hormone binding also induces a conformational change 

within the ligand binding domain of the receptors, thus allowing co-activator proteins 

to  interact with (Bjornstrom and Sjoberg, 2005). These ligand-protein complex can 

induce the transcription by interacting with and activating necessary components of the 

transcriptional apparatus (Figure 2.3). 
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Figure 2.3 Mechanism of estradiol to activate the gene expression in the cell (Bean et 

al., 2014). 

 

2.1.3 Estrogen receptors 

The biological effects of estrogens are mediated by ERs. The mammalians 

have two ligand-activated transcription factors that bind estrogens, encoded by separate 

genes, estrogen receptor alpha (ESR1/ERα) and estrogen receptor beta (ESR2/ERβ). 

Structure of ERs can be divided into 6 domains (A-F), which are important for their 

functions (Figure 2.4).  

- The NH2-terminal domain (NTD) of the A/B domain 

- The C domain (DNA-binding domain; DBD) 

- The D domain (a hinge region) 

- The E domain (ligand biding domain; LBD) 

- The F domain (C-terminal extension region of the LBD) 
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Figure 2.4 Schematic representation of the functional domain organization of ERα and 

ERβ (Kumar et al., 2011). 

 

Both ERs share structural characteristics that are responsible for similar 

functional features. Estradiol binding induces a major structural re-organization of LBD 

that converts the inactive ERs to the functionally active form by generating surfaces for 

enhancing stability of the ER dimer and of the interacting co-regulatory protein (Thakur 

et al., 2009). 

Interestingly, ERα and ERβ have different distributions throughout the body 

(Figure 2.5). ERα is highly expressed in the uterus, prostate stroma, ovarian theca cells, 

leydig cells in testis, epididymis, breast, and liver. ERβ is highly expressed in prostate 

epithelium, testis, ovarian granulosa cells, bone marrow, and brain. Since ERα and ERβ 

have different downstream transcriptional activities, they have different tissue-specific 

biological actions (Warner et al., 2017). 
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Figure 2.5 Different distribution of ERα and ERβ throughout the body (Warner et al., 

2017). 

 

2.2 Phytoestrogen 

2.2.1 Classification of phytoestrogens 

Phytoestrogens are plant-derived dietary compounds, found in a wide variety 

of foods, especially in soy. They represent a diverse group of naturally occurring 

chemicals with structural similarity to 17β-estradiol (E2), the primary female sex 

hormone. Their structural similarity to E2 enables them to cause estrogenic/anti-

estrogenic effects by binding to ERs (Rietjens et al., 2017). It is thought that 

phytoestrogens can replace estrogens during hormone replacement therapy (Gupta et 

al., 2016). Phytoestrogens are classified in four main distinct classes: isoflavones, 

lignans, coumestans, and stilbenes (Moreira et al., 2014). The chemical structures of 

major phytoestrogens are shown in Table 2.1. 
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Isoflavones are the most well-known phytoestrogens and found in the 

Fabaceae family. The major sources of isoflavone are food legumes such as soy, peanut, 

and clover. The members of isoflavones are such as biochanin A, daidzein, 

formononetin, and genistein. Among isoflavones, genistein has received the most 

attention due to a controversy on its activity in relation to breast cancer. The cell 

proliferation activity of genistein have been tested with several breast cancer cell lines 

and the results indicated that its activity depended on the concentration. At low 

concentration it could promote the proliferation of cancer cells, but showed anti-

proliferation activity at high concentration (Sirotkin and Harrath, 2014; Shigeyuki 

Kawai et al., 2010; Cornwell et al., 2004). 

Stilbenes are secondary metabolites that play key roles in plant protection 

against environmental stresses and resistance to pathogens. The main dietary source of 

phytoestrogenic stilbenes is resveratrol from red wine and peanuts (Chong et al., 2009; 

Cornwell et al., 2004).   

Lignans were first identified in plants and later in biological fluids of 

mammals.  The most well-known phytoestrogenic lignans are secoisolariciresinol and 

matairesinol, which are converted by bacterial action in the gut into enterodiol and 

enterolactone. Lignans are commonly found in rye bread and oilseeds such as flaxseed 

(Kiyama, 2016).  
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Table 2.1 Chemical structures of some major phytoestrogens.  

phytoestrogen Structure 

Isofavones 

  

Genistein 

 

Biochanin A 

 

Daidzein 

 

Formononetin 

 

Stilbenes         

              Resveratrol 

Lignans 

Secoisolariciresinal 

   

Metairesinal 

 

Coumestans 

  

Coumestrol 

 

        4-Methoxycoumestrol 

Sources: (Sirotkin and Harrath, 2014; Cornwell et al., 2004). 
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Coumestans are another group of plant phenols that show estrogenic activity. 

The main coumestans with phytoestrogenic effects are coumestrol and 4¢-

methoxycoumestrol. They are especially high in clover and soy sprouts (Sirotkin and 

Harrath, 2014).  

2.2.2 Mechanisms of phytoestrogen action 

Phytoestrogens are proposed to interact with both ERs and display estradiol-

like effects (Figure 2.6). Although phytoestrogens have similar molecular structure to 

estradiol (Figure 2.7), they have lower affinity for ERs than estradiol and most of them 

exhibit a higher affinity for ERβ than ERα (Turner et al., 2007). After binding to ERs, 

the ER-phytoestogen complexes can translocate into the nucleus to activate the 

expression of the responsive genes.  

 

Figure 2.6 Phytoestrogen mechanism of action (Ruff et al., 2000). 
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Figure 2.7 Structure of the human steroid hormone estradiol and the phytoestrogenic 

genistein (Demmig and Mcuauley, 2005).   

 

2.3 Traditional Medicinal Plants Used for Female 

In many countries, including Thailand, medicinal plants and traditional medicines 

have very high impacts on local women’s healthcare, especially in rural areas. Effective 

traditional medicines have been commercially produced as traditional medicines in 

modern packages and some have been developed as new pharmaceutical products. 

Some common medicinal plants used for female fertility are listed in Table 2.2. 

In this work, ten plants were chosen to investigate their estrogenic activities 

according to Thai traditional medicines (Table 2.3, Figure 2.8). Among these plants, 

Angelica dahurica (Piao et al., 2006), Carthamus tinctorius (Young Seok Lee et al., 

2009), Curcuma xanthorrhiza (Anggakusuma et al., 2009), Glycyrrhiza glabra (Dong 

et al., 2007), Glycyrrhiza uralensis (K. U. Kim et al., 2020), Pueraria mirifica 

(Cherdshewasart and Sriwatcharakul, 2008), and Zingiber officinale (In Gyu Kim et al., 

2008) were previously reported for their estrogenic activities, whereas Angelica 

sinensis, Dendrolobium lanceolatum, and Morinda coreia had not reported yet.  

Nevertheless, the estrogenic activities of these plants through ERa or ERb were not 

clear, leading to the investigation in this study. 
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Table 2.2 Medicinal plants used for female. 

Plant species Effects 

Angelica sinensis 

(Oliv.) Diels 

Promote blood circulation, treat blood deficiency pattern, 

and menstrual disorders (Wei et al., 2016) 

Angelica dahurica 

(Hoffm.) Benth. & 

Hook.f. ex Franch. & 

Sav. 

Exhibit strong reducing power, superoxide dismutase 

activity, catalase activity, DNA damage prevention, and 

antiproliferative activity against HT-29 and CMT-93 cell 

lines (Pervin et al., 2014).  

Achyranthes aspera L. Exhibit anti-fertility effects. Use as an abortifacient and 

contraceptive. Use to treat menstrual disorders (De Bore 

and Cotingting, 2014) 

Ammannia baccifera L. The p-hydroxybenzoic acid of this plant: estrogen-like 

effects, inducing vaginal cornification and uterotrofic 

activity in both immature female mice and ovary ectomize 

mice (Setchell et al., 1999).  

Arachis hypogaea L. High levels of phytoestrogens that structurally or 

functionally mimic mammalian estrogens (Al-Snafi, 2015; 

Ibarreta et al., 2003).  

Artemisia vulgaris L. Traditionally use in Southeast Asia: treat menstrual 

conditions (amenorrhea, dysmenorrhea and 

oligomenorrhea, and pregnancy disorders) (Kumar et al., 

2011). 
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Table 2.2 Medicinal plants used for female (Continued). 

Plant species Effects 

Aquilaria crassna 

Pierre ex Lecomte. 

Crude extracts and some isolated compounds: exhibit anti-

allergic, anti-inflammatory, anti-diabetic, anti-oxidant, anti-

ischemic, and anti-microbial  activities (Shigeyuki. Kawai et 

al., 2010). 

Asplenium 

trichomanes L. 

Use for expectorant, anti-cough remedy, laxative, 

emmenagogue, abortifacient, and irregular menstrual cycle 

(Dallacqua et al., 2009). 

Caesalpinia crista L. Decrease the duration of estrous cycle and average ovarian 

weight (Amudha et al., 2016).  

Carica papaya L. Flavonoid quercetin in leaves: exhibit estrogenic effects 

(Sugiyanto et al., 2012) 

Cassia siamea Lam. Exhibit antimicrobial, antimalarial, antidiabetic, anticancer, 

hypotensive, diuretic, antioxidant, laxative, anti-

inflammatory, analgesic, antipyretic, anxiolytic, 

antidepressant, and sedative activities (Mamadou et al., 

2014) 

Cicer arietinum L. Isolated isoflavones: exhibit estrogenic activity (Hairong et 

al., 2013). 

Citrus medica L. Extract of Citrus medica L. Seeds: exhibit potent 

antiovulatory activity (Sang Jun Lee et al., 1998).  

Curcuma longa L. Treat menstrual disorders (Thakur et al., 2009). 
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Table 2.2 Medicinal plants used for female (Continued). 

Plant species Effects 

Carthamus tinctorius L. Treat menstrual abnormal symptom, cardiovascular 

disease, pain, and swelling associated with trauma. The 

active compounds: exhibit anti-coagulantion, 

vasodilation, anti-hypertension, anti-oxidation, 

neuroprotection, melanin production inhibition, 

immunosuppression, and antitumor activity with trauma 

complications (Delshad et al., 2018; Asgarpanah and 

Kazemivash, 2013; Hao et al., 2010). 

Curcuma xanthorrhiza 

Roxb. 

Isolated sesquiterpenoid from rhizome: exhibit the 

estrogenic activity through ERs (De Bore and 

Cotingting, 2014) 

Glycyrrhiza uralensis 

Fisch. ex DC. 

Alleviate menopausal symptoms via estrogen receptors 

(K. U. Kim et al., 2020). 

Picrorhiza kurroa Royle 

ex Benth. 

Treat gastrointestinal, urinary disorders, and 

inflammatory (Shetty et al., 2010) 

Pueraria mirifica Airy 

Shaw & Suvat. 

Treat symptoms related to estrogen deficiency in 

menopausal women (Suchinda Malaivijitnond, 2012). 

Saussurea lappa (Decne.) 

C.B.Clarke 

Treat irregular menstruation, tenesmus, and abdominal 

pain (Zahara et al., 2014) 
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Table 2.3 List of ten plants and their parts used in this study. 

Plant species Common 

name 

Used part 

Angelica sinensis (Oliv.) Diels. Dong-quai Root (Wei et al., 2016) 

Angelica dahurica (Hoffm.) Benth. & 

Hook.f. ex Franch. & Sav. 

Bai-zhi Root (Kyungjin Lee et 

al., 2015) 

Carthamus tinctorius L. Safflower Flower (Delshad et al., 

2018) 

Curcuma xanthorrhiza Roxb. Java ginger Rhizome 

(Anggakusuma et al., 

2009) 

Dendrolobium lanceolatum (Dunn) 

Schindl. 

- Root (Albertazzi and 

Purdie, 2002) 

Glycyrrhiza glabra L. Licorice Root (Jafari et al., 2019) 

Glycyrrhiza uralensis Fisch. Chinese 

liquorice 

Root (Yang et al., 2017) 

Morinda coreia Buch.-Ham. Hairy noni Bark (Avasthi et al., 

2020) 

Pueraria mirifica Airy Shaw & Suvat. Kwao-krua Tuberous root (Suchinda 

Malaivijitnond, 2012) 

Remark: Species names according to The Plant List (TPL). 
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Figure 2.8 Images of ten plants used in this study.
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2.4 Thai Medicinal Plants and Traditional Medicines for Woman 

Based on Thai traditional medicines, several parts of diverse plant species have 

been used as the major ingredients for relieve symptoms relating to female reproductive 

system. Currently, some traditional medicines and plant extracts have been 

commercialized as capsule and liquid products for treating symptoms relating to 

menstruation disorder and for dietary supplements. The examples of these medicinal 

plants and concentrations that often found in traditional medicines are shown in Table 

2.4. 

 

2.5 In Vitro Assays to Determine Estrogenic and Anti-estrogenic 

Compounds. 

Several in vitro assays to determine estrogenic and anti- estrogenic compounds 

have been developed. These assays are summarized in Table 2.5. 
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Table 2.5 Comparison of in vitro assays to evaluate the estrogenic and anti-estrogenic 

compounds.  

In vitro assay Measured endpoint Advantages Limitation 

E-screen assay Proliferation of 

ERα-positive cells 

Measure physiological 

endpoint of estrogen 

action, measure 

estrogenic and anti-

estrogenic effects 

No defined ER 

expression 

(Mueller, 2002) 

Ligand-binding 

assay 

Binding affinity to 

ERα and ERβ 

Simple and 

high throughput 

Dose not 

measure ER 

activation 

(Mueller, 2002) 

Fluorescence 

resonance 

energy 

Transfer 

(FRET) assay 

Ligand-dependent 

association of ERα 

or ERβ with co-

activators  

Analysis of molecular 

interaction, versatile: 

defined ER subtypes or 

ER domains as well as 

co-activators can be used, 

measures estrogens and 

anti-estrogens 

Artificial 

system, does 

not measure ER 

activation, low 

throughput 

(Mueller, 2002) 

Transactivation 

assay in yeast 

or mammalian 

cells 

ERα, ERβ mediated 

activation of reporter 

Simple and high-

throughput, measures 

estrogens and anti-

estrogens 

Artificial 

system 

(Mueller, 2002) 
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Table 2.5 Comparison of in vitro assays to evaluate the estrogenic and anti-estrogenic 

compounds (Continued). 

In vitro assay Measured 

endpoint 

Advantages Limitation 

Analysis of 

gene and 

protein 

expression 

Expression of ER-

regulated genes 

and proteins 

Analysis of 

physiological 

response, versatile, 

measures estrogens 

and antiestrogen 

Low-throughput 

(Mueller, 2002) 

Analysis of 

enzyme 

activity and 

steroid 

biosynthesis 

Activity of 

stereoidogenic 

enzymes, ER 

regulated enzymes 

and analysis of 

estrogen 

biosynthesis 

Analysis of 

physiological 

response, measures 

estrogens and 

antiestrogens 

Only cell lines with 

active steroidogenesis 

and marker enzymes 

suitable (Mueller, 2002) 

Yeast two 

hybrid assay  

Protein-protein 

interaction 

associated of ERα 

or ERβ with ligand 

and co-activator  

Defined ER 

subtypes or ER 

domains as well as 

co-activators can be 

used, measures 

estrogens and anti-

estrogens 

Some natural protein-

protein interaction 

cannot be detected by 

Y2H system (such as 

glycosylated, oxidatively 

modified proteins) 

(Koegl and Uetz, 2007).  
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2.6 Review of Related Studies  

The endocrine disruptors (EDs) is referred to exogenous substances that have 

adverse effects in hormonal system to human health and wildlife. The examples of EDs 

in environment are phytoestrogens (chemicals synthesized by plants), mycoestrogens 

(chemicals synthesized by fungi), and xenoestrogen (chemicals synthesized in 

industries) (Darbre, 2019). Among several in vitro methods, the Y2H system is one of 

the effective assays to evaluate endocrine disruptors (EDs), which this method is based 

on ligand-dependent interaction between nuclear hormone receptor and co-activator 

that is developed in a yeast cell.  

In 1999, Nishikawa and colleagues were the first group reporting the development 

of yeast two hybrid (Y2H) system to detect the estrogen (17b-estradiol or E2) based on 

the interaction between the ligand binding domain (LBD) of rat estrogen receptor 

(rERα; amino acid residues 252 to 600) and the receptor interaction domain (RID) of 

several co-activators. Among co-activators, RID of human transcriptional intermediary 

factor 2 (hTIF2; amino acid residues 624 to 1287) exhibited the greatest activity 

followed by RID of human steroid receptor coactivator 1 (hSRC1; amino acid residues 

570 to 782). The developed Y2H systems were also effective to other natural estrogen 

(estriol, E3), phytoestrogen (genistein), and xenoestrogens (diethystilbesterol (DES), 

p-nonylphenal, and bisphenol A) (Nishikawa et al., 1999).  

In general, environmental estrogens are known as the endocrine disruptors (ED), 

which their potential effects to animal and human have been concerned. In 2000, this 

research team, thus, reported the use of the rERα-hTIF2 Y2H system to evaluate the 

estrogenic activity of 517 chemicals derived from natural substances, medicines, 

pesticides, and industrial chemicals. The results reported as the 10% relative effective 
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concentration (REC10), the concentration of the test chemical having 10% agonist 

activity of 10-7 M E2. The positive result was determined when the test substance within 

the concentration tested, had the higher activity than REC10. Out of 517 tested 

chemicals, 64 chemicals were positive, suggesting that this assay was efficient to detect 

xenoestrogens and phytoestrogens (Nishihara et al., 2000).  

As there are two receptors (ERα and ERβ) for estrogens, Lee and colleagues (2002) 

developed the Y2H systems based on the LBDs of hERα and hERβ (amino acid 

residues 311 to 595 and 213 to 477, respectively) and the nuclear receptor binding 

domain (NRBD) of co-activators (hSRCl and hTIF2; amino acid residues 231 to 1094 

and 670 to 1750, respectively). They reported that LBD-hERβ and NRBD-hSRCl was 

excellent for evaluating the estrogenic activity of xenoestrogens and phytoestrogens 

than the previous yeast system using rat ERα that was described by Nishikawa and 

colleagues (Haeng. Seog Lee et al., 2002). 

In 2004, Ahn and colleagues were used the developed Y2H system of Nishihara 

and colleagues to evaluate the estrogenic activity of the extract derived from the 

Chinese medicinal plant, Moghania philippinensi, used for reliving symptoms of 

menopausal syndrome. Also, the estrogen-dependent proliferation of MCF-7 (human 

breast cancer) cells was used to compare with the Y2H system. The methanol-extract 

of this plant was purified into five fractions, in which two fraction exhibited the 

estrogenic activity as determined by both Y2H system and MCF-7 cell proliferation 

assay. Interesting, one fraction exhibited the estrognic activity as determined by MCF-

7 proliferation assay but not Y2H system. Nevertheless, the Y2H system was efficient 

and required less time to operate as compared with MCF-7 cell proliferation assay  (Ahn 

et al., 2004).  
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Later, several research teams reported the uses of Y2H systems to detect estrogenic 

and anti-estrogenic activities of crude and purified plant extracts as follows. In 2007, 

El-Halawany and colleagues studied the estrogenic activity of isolated compounds of 

Cassia tora. This Y2H system was based on the Nishikawa's report (amino acid 

residues of hERα at 247 to 595 and hERβ at 213 to 503) (Ali Mahmoud El-Halawany 

et al., 2007). Later, this research team also reported the anti-estrogenic activity of the 

methanol extract of the heartwood of Mansonia gagei, which is folkloric medicine in 

Thailand and it can be used as a cardiac stimulant, anti-emetic, anti-depressant, and 

refreshing agent. Three new coumarins (mansorins I, II, III) and naphthoquinones 

(mansonone) were isolated from this plant extract. These compounds had the higher 

binding affinities to hERβ than to hERα (Ali Mahmoud El-Halawany et al., 2007; 

Kanayama et al., 2003). In 2010, this research team reported the use of Y2H system to 

detect the estrogenic activity of the Sophora japonica L. extract, which this Egypt plant 

was chosen due to its high flavonoid content. Also, the estrogenic activities of the 

isolated compounds under naringinase-treated and untreated conditions were 

investigated. Naringinase is a debittering enzyme complex containing β-glucosidase 

and α-rhamnosidase enzyme, which can simulate a metabolism process in a 

gastrointestinal tract (GIT). Interestingly, the nariginase-treated extracts contained the 

aglycones genistein and jaempferol that exhibited the estrogenic activity similar to 

genistein. However, the compounds detected in the untreated extract showed weak 

estrogenic activity and bind to ERβ only (A. M. El-Halawany et al., 2010). In 2011, 

this research team reported the use of Y2H system to screen the estrogenic and anti-

estrogenic activities of 40 medicinal plants growing in Egypt and Thailand. It was noted 

that no Thai researcher was in this research team. Both hERα and hERβ were used as 
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well as the naringinase-treated and untreated samples were studied. The results showed 

that the extracts of Derris reticulata and Dracaena lourieri had the strong potent 

estrogenic activity for both estrogen receptor subtypes. Only Butea monosperma, 

Erythrina fusca and Dalbergia candenatensis extracts were specific to hERβ. The 

Nigella sativa, Sophora japonica, Artabotrys harmandii and Clitorea hanceana 

extracts exhibited the estrogenic effect only after naringinase-treatment. Among 40 

species, the extracts derived from Aframomum melegueta, Dalbergia candenatensis, 

Dracena loureiri and Mansonia gagei showed the most potent anti-estrogenic activity 

via the hERβ interaction (Ali M El-Halawany et al., 2011). 

In 2010, Cherdshewasart and colleagues studied estrogenic and anti-estrogenic 

activities of the Thai plant, Butea superba Roxb, under the native and in vitro hepatic 

digestion by the use of Y2H systems (hERα-hTIF2 and hERβ-hSRC1) as described by 

Nishikawa's report. This work reported that Butea superba extracts could function via 

the stronger interaction to hERα than hERβ (Cherdshewasart et al., 2010).  

In 2010, Boonchird and colleagues also reported the use of Y2H systems (hERα-

hTIF2 and hERβ-hSRC1) based on the Nishikawa's report to determine the estrogenic 

activity of the other Thai plant, Pueraria mirifica (Boonchird et al., 2010). This plant 

was collected from 27 provinces in Thailand to determine the variation of estrogenic 

activity. Plant samples showed different estrogenic activity and some samples showed 

no estrogenic activity. Based on the hERα-hTIF2 system, the top five samples had 

0.006-0.011% of the activity of E2, while on the hERβ-hSRC1 system, those were 

0.027-0.091% of the activity of E2. These results suggested that the action of 

phytoestrogens of Pueraria mirifica was more potent via the interaction to hERβ (8.3 

folds) than hERα.  
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In 2018, Wang and colleagues reported the use of Y2H system based on the 

Nishihara's report (hERα-hTIF2 and hERβ-hTIF2) to examine the estrogenic activity 

of crude drugs derived from five widely prescribed Japanese herbal medicines for 

menopausal syndrome. The samples were under the metabolic activation using the rat 

liver S9 fraction and the un-activation conditions. The results showed that only three 

herbal drugs exhibited estrogenic activity and their metabolites exhibited the stronger 

activities. One of the herbal drugs, Unkeito, was further purified, which four chemicals 

were detected. Interestingly, the synergistic effects were detected in some combinations 

of these chemicals (Zeyun Wang et al., 2018).  

In 2020, Basu and colleagues (Basu et al., 2020) reported the use of Y2H system 

(hERα) to determine the estrogenic and antiestrogenic activities of latex extract of 

Euphorbia bicolor, a plant native to south-central USA. The isolated genistein and 

coumestrol from the plant latex exhibited biphasic effects on Y2H system. At 1-5 µM, 

both compounds stimulated estrogenic activities; however, at 5 µM both compound 

exhibited both estrogenic and antiestrogenic activities. 

Based on these publications, the Y2H system is efficient to examine the estrogenic 

activity of crudes and purified phytochemicals. Although the Y2H systems were used 

for determine the estrogenic activity of some Thai medicinal plants, due to diverse plant 

species in Thailand, especially ones used for herbal medicines relating to female 

treatment, there are still many medicinal plants and traditional medicines lacking the 

information about their estrogenic activities and their actions via hERα and hERβ. 

Therefore, this work is interesting to investigate the activity of 10 medicinal plants and 

8 traditional medicines that have not report on their estrogenic/anti-estrogenic activities 

via both estrogen receptors.   

 



CHAPTER III 

METHODOLOGY 

 

3.1 Construction of Recombinant Plasmids 

Four recombinant plasmids were constructed; pGADT7-hSRC1, pGADT7-hTIF2, 

pGBKT7-hERα, and pGBKT7-hERb. The DNAs encoding hSRC1, hTIF2, hERα, and 

hERb were obtained by the reverse transcription-polymerase chain reaction (RT-PCR) 

technique. Total RNA of MCF-7 cells was extracted by using TRIzolâ reagent 

(Thermo Fisher Scientific, Waltham, MA, USA) and purified by phenol-chloroform. 

The quantity and quality of the RNA were determined by measuring the absorption at 

260 and 280 nm. The cDNA was generated by the reverse transcription of 2 μg of total 

RNA using SuperScript III first-strand synthesis kit (Thermo Fisher Scientific, 

Waltham, MA, USA). PCR reactions were performed using the cDNA as a template 

and all primer pairs were shown in Table 3.1. The PCR products were analyzed by 

electrophoresis and the DNA bands stained with ethidium bromide were visualized 

under an UV trans-illuminator. 
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Table 3.1 List of PCR primers. 

Gene 
Accessi

on No. 
Primer name Sequence 

Homo 

sapiens 

nuclear 

receptor 

coactivator 1 

(NCOA1, 

SRC1) 

NM_14

7223.2 

hSRC1-upper  5¢TCAATTCAAGAGGATGGAGAAG3¢ 

hSRC1-lower 5¢CATGCCTGATCTCATATTGATG3¢ 

hSRC1-NdeI 

upper 
5¢CCAATTCCATATGTCAATTCAAGAGG

ATGG3' 

hSRC1-SmaI-

lower 
5¢TCTCCCGGGTTCATGCCCTGATCTCA

TATTG3¢ 

Homo 

sapiens 

mRNA for 

transcriptioni

ntermediary 

factor 2 

X9767

4.1 

 

hTIF2-upper 5¢AGAAGAGCTGACGGGCAGG 3¢ 

hTIF2-lower 5¢GCTCATAGTTGCTGGCATACC 3¢ 

hTIF2-NdeI-

upper 
5¢CCAATTCCATATGGAGAGAGCTGAC

GGGC 3¢ 

hTIF2-SmaI-

lower 
5¢TCTCCCGGGTTGCTCATAGTTGCTGG

C 3¢ 

Homo 

sapiens 

estrogen 

receptor 1 

(ERα, ESR1) 

NM_00

0125.1 

 

 

hERα-upper 5¢AAAGGTGGGATACGAAAAGAC 3¢ 

hERα-lower 5¢TCAGACTGTGGCAGGGAAAC 3¢ 

hERα-NdeI-

upper 
5¢CCAATTCCATATGAAAGGTGGGATAC

GAAAAG3¢ 

hERα-BamHI-

lower 
5¢CGGGATCCGTCAGACTGTGGCAGGG

AAACC 3¢ 

Homo 

sapiens 

estrogen 

receptor 2 

NM_00

1437.2 

hERβ-upper 5¢ACAAGGAGTTGGTACACATGATCAG 

3¢ 

hERβ-lower 5¢TTACATCTACAGCAGCAGGTCATA3¢ 

hERβ-NdeI-

upper 
5¢GGGTTTCATATGGACAAGGAGTTGGT

ACAC3¢ 

hERβ-BamHI-

lower 

5¢CGGATCCTTACATCTCCAGCAGCAGG

TC 3¢ 
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To construct pGADT7-hSRC1, the RT-PCR reaction was performed, which the 

hSRC1-upper and hSRC1-lower primers were used as the initial primer set in the first 

PCR. Then, the hSRC1-NdeI-upper and hSRC1-SmaI-lower primers were used in the 

second PCR, in which the first PCR product was used as the template. The amplified 

SRC1 fragment was ligated to pTG19T cloning vector (Vivan Technologies, Selangor, 

Malaysia). After the recombinant pTG19T-hSRC1 plasmid was obtained, the DNA 

fragment of hSRC1 was cut off using NdeI and SmaI restriction enzymes.  The excised 

DNA was subcloned into the pre-cut pGADT7-vector using the same restriction 

enzymes (Takara Bio, Mountain View, CA, USA). After the recombinant pGADT7-

hSRC1 plasmid was obtained, it was sequenced by the Bio Basic DNA Sequencing 

Service (Bio Basic, Markham, Canada) to confirm the correct open reading frame 

before using. 

To construct pGADT7-hTIF2, the hTIF2 DNA were obtained by RT-PCR. The 

hTIF2 cDNA was amplified using the hTIF2-upper and hTIF2-lower primers in the first 

PCR. In the second PCR, the hTIF2-NdeI-upper and hTIF2-SmaI-lower primers were 

used and the PCR product from the first PCR was used as the template. The amplified 

hTIF2 fragment was ligated to pTG19T cloning vector. After the recombinant pTG19T- 

hTIF2 plasmid was obtained, the DNA fragment of hTIF2 was cut by NdeI and SmaI 

restriction enzymes. The excised DNA was subcloned into the pre-cut pGADT7 vector 

using the same restriction enzymes. After the recombinant pGADT7- hTIF2 plasmid 

was obtained, it was sequenced to confirm the correct open reading frame before using.  

To construct pGBKT7-hERβ, the hERβ DNA was obtained by RT-PCR reaction, 

which two PCR steps were performed. The first PCR was used the hERβ-upper and 

hERβ-lower primers and the second PCR was used the hERβ-NdeI-upper and hERβ-
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BamHI-lower primers. The amplified hERβ fragment was ligated to pTG19T cloning 

vector.  After the recombinant pTG19T-hERβ plasmid was obtained, the hERβ DNA 

was excised using NdeI and BamHI and subcloned into the pre-cut pGBKT7-vector. 

After the recombinant pGBKT7-hERβ plasmid was obtained, it was sequenced to 

confirm the correct open reading frame before using. 

To construct pGBKT7-hERα, the hERα DNA was synthesized by RT-PCR 

technique. Two PCR steps were performed, which the first PCR was used the hERα-

upper and hERα-lower primers, while in the second PCR, the first PCR product was 

amplified using the hERα-NdeI-upper and hERα-BamHI-lower primers. The amplified 

hERα fragment was ligated to pTG19T cloning vector. After the recombinant pTG19T-

hERα plasmid was obtained, the hERα DNA fragment was excised using NdeI and 

BamHI restriction enzymes. The excised DNA was subcloned into the pre-cut 

pGBKT7-vector before transforming into E. coli. After the recombinant pGBKT7-

hERα plasmid was obtained, it was sequenced to confirm the correct open reading 

frame before using. 

 

3.2 Transformation 

3.2.1 Bacteria transformation 

E. coli strain DH5α was used as the host cell for pGADT7-hTIF2, pGADT7-

hSRC1, pGBKT7-hERα, and pGBKT7-hERβ. To prepare the competent cells, the 

bacteria were grown on a Luria-Bertani (LB) agar plate. Single colony was suspended 

in 5 ml LB broth medium and grown at 37 °C for 6 h. Cells were diluted in LB broth to 

obtain an OD600 of 0.15 prior to cultivating overnight for 150 rpm at 18 °C. The cell 

culture was grown at 18 °C until reached an OD600 of 0.75. The bacterial culture was 
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chilled on ice for 10 min, harvested by centrifugation at 2,000 ´g for 10 min, and 

washed with cold TB buffer (10 mM Pipes, 55 mM MnCI2, 15 mM CaC12, 250 mM 

KCI). The cells were dispersed in TB buffer and 7% DMSO, frozen, and stored at -80 

°C. When used, the frozen stock of competent cells was thawed on ice before adding 

10 ng plasmid DNA. After chilling on ice for 30 min, the mixture was transferred to a 

water-bath at 42 °C for 30 sec and then hold on an ice-bath for 1 min. Then, 0.8 ml of 

LB broth was added to the mixture and subsequently cultivated for 1 h at 37 °C for 180 

rpm. The cells were plated on LB agar plates containing the appropriated antibiotic and 

the transformation efficiency was calculated as the colony forming unit (cfu) per μg 

plasmid DNA (Inoue et al., 1990). 

3.2.2 Yeast transformation  

The yeast used in this experiment is Saccharomyces cerevisiae strain AH109 

(Clontech Laboratories, Mountain View, CA, USA). Yeast cells were co-transformed 

with each pair of recombinant plasmids using a lithium acetate transformation method 

(Shigeyuki. Kawai et al., 2010); 1) pGADT7-hSRC1 and pGBKT7-hERα, 2) pGADT7-

hSRC1 and pGBKT7-hERβ, 3) pGADT7-hTIF2 and pGBKT7-hERα, and 4) pGADT7-

hTIF2 and pGBKT7-hERβ. The transformed yeast cells were selected on the agar plates 

containing synthetic dropout (SD)  medium lacking tryptophan and leucine according 

to the Clontech yeast protocol handbook. The clones grown on the selective agar media 

were selected and subsequently cultured in the selective liquid media. 

 

3.3 Purification of Plasmid DNA 

Single bacterial colony was cultured for 12-16 h in 3 ml LB broth with the 

appropriate antibiotics in an incubator shaker at 37 °C. The bacterial culture was 
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collected by centrifugation at 6,000g ́ g for 5 min at 4 °C. The cell pellet was resuspend 

in 100 µl cold solution I (50 mM Tris-Cl (pH 8.0), 10 mM EDTA, 100 μg/ml Rnase 

A). Then, the solution II (200 mM NaOH, 1% SDS) of 200 µl was added to lyse the 

bacterial cells and the tube was inverted several times to well mix. The solution was 

incubated at room temperature for 5 min. Once the cells were lysed, the cold solution 

III (3.0 M potassium acetate, pH 5.5) of 150 μl was added and gently mixed by 

inversion several times. The solution mixture was incubated on ice for 20 min before 

centrifuging at 12,000 ´g for 20 min at 4 °C. The supernatant containing the plasmid 

DNA was removed to a new tube before RNaseA (2 mg/ml) of 5 μl was added. It was 

incubated at 37 °C for 5 min. The equal volume of TE-saturated phenol-chloroform 

was added to the plasmid DNA sample before centrifuging at 12,000 ´g for 5 min at 4 

°C. The aqueous phase containing plasmid DNA was collected before the equal volume 

of chloroform was added. The mixture was centrifuged again at 12,000 ´g for 20 min 

at 4 °C. The aqueous phase containing plasmid DNA was removed to a new tube and 

precipitated by adding 0.1 volume of 3 M sodium acetate (NaOAc) pH 5.2 and 2 

volumes of ethanol (EtOH). The solution was mixed and incubated at -20 °C for 30 

min. The mixture was centrifuged at 12,000 ´g for 20 min at 4 °C. The pellet was 

washed with 70% EtOH and air-dried for 30 min. The DNA pellet was re-dissolved 

with 50 µl TE buffer and stored at -20 °C until use. 

 

3.4 Extraction of Medicinal Plants and Traditional Medicines 

In this work, 10 medicinal plants and 8 commercially traditional medicines were 

analyzed as listed in Table 3.2-3.3, respectively. 
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Table 3.2 Medicinal plants used in this work. 

 Medicinal plants 

Scientific name Common name Used parts 

1 Angelica sinensis dong quai Root (Wei et al., 2016) 

2 Angelica dahurica bai zhi Root (Kyungjin Lee et 

al., 2015) 

3 Carthamus tinctorius safflower Flower (Delshad et al., 

2018) 

4 Curcuma xanthorrhiza java ginger Rhizome (Anggakusuma 

et al., 2009) 

5 Dendrolobium lanceolatum - Root (Albertazzi and 

Purdie, 2002) 

6 Glycyrrhiza glabra licorice Root (Jafari et al., 2019) 

7 Glycyrrhiza uralensis chinese liquorice Root (Yang et al., 2017). 

8 Morinda coreia - Bark (Avasthi et al., 

2020). 

9 Pueraria mirifica kwao krua Tuberous root (Suchinda 

Malaivijitnond, 2012). 

10 Zingiber officinale ginger Rhizome (Chen X. Chen 

et al., 2016). 
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Table 3.3 Commercially traditional medicines used in this work. 

S1 Chomjai Capsule Curcuma xanthorrhiza 7.63%, Carthamus tinctorius 

5.1%, Zingiber officinale 2.54%, Panax ginseng 

1.27%, Panax notoginseng 1.27% 

S2 Chomtong Capsule Carthamus tinctorius 3.24%, Glycyrrhiza uralensis 

3.24%, Curcuma xanthorrhiza 3.24%, 

Angelica dahurica 1.94%, Panax ginseng 0.97%, 

Codonopsis pilosula 0.97% 

S3 Kwaokrua Capsule Panax ginseng 22%, Pueraria mirifica 20% 

S4 Ledina Capsule Carthamus tinctorius 14%, Curcuma xanthorrhiza 

14% 

S5 Lengkhun Capsule Curcuma xanthorrhiza 12.5%, Panax ginseng 12.5%, 

Codonopsis pilosula 7.5%, Pueraria mirifica 2.5%, 

Glycyrrhiza glabra 2.5% 

S6 Meree Capsule Curcuma xanthorrhiza 20%, Panax ginseng 3.33% 

S7 Penpark Capsule Carthamus tinctorius 2.92% 

S8 Tankwe Pill Codonopsis pilosula 7.34%, 

Astragalus propinquus 7.34% 

Note: Composition as indicated by the commercial products
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3.4.1 Plant extraction 

The medicinal plants were collected in the areas of Burirum and 

Nakhonratchasima, Thailand. Voucher specimens were preserved in the Klong Phai 

plant conservation center.  The plants were cleaned, sliced, and completely dried in a 

hot-air oven at 50 °C before grinding to powder. The extraction method is based on the 

method of Zhang and colleagues (C. Z. Zhang et al., 2005). The powder was extracted 

by 70% ethanol at the 1:8 (w/v) ratio for 24 h with shaking at room temperature. The 

ethanol extraction was evaporated under vacuum and the obtained gummy-solids were 

freeze-dehydrated in a freeze-dryer. Each crude plant extract was kept in a tightly-

capped tube in a light protected container and stored at -20 °C 

3.4.2 Extraction of traditional medicines 

The commercially traditional medicines for treating female-hormone 

imbalance symptoms were purchased from local pharmaceutical shops. The extraction 

method was based on Zhang and colleagues (C. Z. Zhang et al., 2005). The powder 

medicines were extracted with 70% ethanol (1:8, (w/v)) for 24 h with shaking at room 

temperature. The ethanol extraction was evaporated under vacuum and the obtained 

gummy-solid was freeze-dried. Each crude plant extract was kept in a tightly-capped 

tube in a light protected container and stored at -20 °C. 

3.4.3 In vitro simulation of digestion process 

In vitro simulation of digestion process was described by Sommerfeld and 

colleagues (Sommerfeld et al., 2017; Tarko et al., 2009; Zyla et al., 2007). The 

extraction was hydrated in double-distilled water and 1.5 M HCl was added to adjust 

the pH to 5.8. The sample was placed into a gently moving water-bath at 37 °C for 30 

min. Following incubation, 1.5 M HCl was added to adjust the pH to 2.0 before adding 
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3000 U pepsin (Sigma-Aldrich, Louis, MO, USA). The tube was mixed and further 

incubated for 2 h. Then, 1 M NaHCO3 containing 3.7 mg pancreatin/ml (Sigma-

Aldrich, Louis, MO, USA) was added to adjust pH to 7. The mixture was transferred 

into a dialysis tube (molecular weight cut-off 12,000-14,000) (Membrane filtration 

products, Seguin, TX, USA) before placing in an Erlenmeyer flask containing 50 ml 

phosphate buffer and incubating at 37 °C for 4 h with stirring.  The PBS buffer together 

with the compounds that passed through the membrane (dialysate) were treated as an 

equivalent of the raw material absorbed in the intestine after digestion. The digestion 

product was freeze-dehydrated in a freeze-dryer and stored at -20 °C.  

 

3.5 Determination of Estrogenic Activity 

To examine the estrogenic activity of the extracts, the induction of β-galactosidase 

activity in the Y2H systems expressing ERα and ERβ couple with the co-activation 

proteins (SRC1 and TIF2) was carried out. The genetically-engineered yeast cells were 

cultured in 5 ml liquid SD medium without tryptophan and leucine at 30 °C overnight 

in a shaker incubator for 180 rpm. The overnight culture was vortexed for 0.5-1 min to 

disperse cell clumps before transferring (2 ml)  to 8 ml yeast extract peptone dextrose 

(YPD) medium.  The fresh culture was incubated at 30 °C for 3- 5 h by shaking (180 

rpm) until the cells were in a mid-log phase (OD600 of 1 ml at 0.5-0.8). The exact OD600 

was recorded. The culture of 1.5 ml was transferred to a glass tube and the 19-µl tested 

chemical in dimethyl sulfoxide (DMSO)  or 19-µl of DMSO (as control was added 

before incubating at 30 °C for 5 h.  The treated yeasts were collected by centrifugation 

and washed with 1.5 ml Z buffer before resuspending in 0.3 ml Z buffer.  The cell 

suspension (0.1 ml) were transferred to a new micro-centrifuge tube and broken down 
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by freeze-thawing. Then, Z buffer of 700 μl (containing 0.27% β-mercaptoethanol) and 

2-nitrophenyl-β-D-galactoside of 160 μl (ONPG, 4 mg/ml stock) was added to the cell 

lysate to start the reaction.  When the yellow color developed, 1 M Na2CO3 ( 100 µl) 

was added to stop the reaction.  The β- galactosidase activity was calculated by the 

following equation (Miller, 1972; Miller, 1992).  

 b-galactosidase unit = [1000 ´ OD420] 

                                      [t ´ V ´ OD600] 

where: t is the elapsed time (in min) of incubation 

        V is 0.1 ml ´ concentration factor 

        OD420 nm is the absorbance by o-nitrophenol 

        OD600 nm is the cell density at the start of assay 

The estrogenic activity of the samples was also calculated for the 10% relative 

effective concentration (REC10), which was the concentration of the sample exhibiting 

10% the highest estrogenic of E2 in each Y2H system. The samples that exhibited the 

REC10 values within the tested concentrations referred to as the positive estrogenic 

samples. Also, the estrogenic activity of the samples was determined by the 10% 

relative potency (E2-REP10), which was the percent of the REC10 of E2 to the REC10 

of the tested sample. The E2-REP10 of E2 was considered 100% (Yoshinouchi et al., 

2019) 

 

3.6 Statistical Analysis 

Mean and standard deviation (SD) of at least three replicates were calculated for 

the β-galactosidase activity. One-way ANOVA and Duncan’s multiple analysis were 
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used to analyze the statistical significance at p<0.05 using the SPSS Version 11 

statistical software program (IBM, Armonk, NY, USA). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER IV 

RESULT AND DISCUSION PART I 

Construction of yeast two hybrid systems 

 

In this chapter, four yeast two hybrid (Y2H) systems were constructed; 1) Y2H 

containing pGBKT7-hERα and pGADT7-hSRC1, 2) Y2H containing pGBKT7-hERα 

and pGADT7-hTIF2, 3) Y2H containing pGBKT7-hERβ and pGADT7-hSRC1, and 4) 

Y2H containing pGBKT7-hERβ and pGADT7-hTIF2. 

 

4.1 Construction of Recombinant Plasmids 

 In this part, four recombinant plasmids were constructed: pGADT7-hSRC1, 

pGADT7-hTIF2, pGBKT7-hERα, and pGBKT7-hERβ. The DNAs encoding the 

receptor interaction domain (RID) of coactivators (SRC1 and TIF2) and the ligand 

binding domain (LBD) of ERs (ERα and ERβ) were obtained by the reverse 

transcription-polymerase chain reaction technique (RT-PCR). Each cDNA was 

synthesized using the total RNA extracted from MCF-7 cells. The extracted RNA 

appeared as three band on a 0.8% agarose gel electrophoresis, which were 28S rRNA, 

18S rRNA and 5S rRNA (Figure 4.1). The extraction yield was 53.40 µg per a T25 

flask of cultured cells. The absorption ratio of A260/280 was 2.0, which was in a range 

of good RNA quality (1.80-2.20) (Villa-Rodriguez et al., 2018)
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.  

Figure 4.1 Total RNA of MCF-7 cells visualized on 0.8% agarose gel. Lane 1-2: the 

extracted RNA samples. 

 

4.1.1 Construction of pGADT7-hSRC1 and pGADT7-hTIF  

To construct pGADT7-hSRC1 and pGADT7-hTIF, the DNA fragments of 

RID-hSRC1 and RID-hTIF2 were synthesized by RT-PCR. The amplified DNA 

fragments were visualized on a 0.8% agarose gel, which their sizes were well 

corresponded to the predicted sizes at 2,592 and 1,992 bp of RID-hSRC1 and RID-

hTIF2 fragments, respectively (Figure 4.2).  
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Figure 4.2 The amplified DNA fragment of RID-hSRC1 and RID-hTIF2 visualized on 

0.8% agarose gel electrophoresis, the specific bands were showed the 

correct sizes of 2,592 and 1,992 bp respectively. M: DNA marker. 

 

The DNA fragment of RID-hSRC1 and RID-hTIF2 were ligated to the 

pTG19T cloning vector (2,880 bp) and the positive clones were selected using PCR 

screening method. After the recombinant pTG19T-hSRC1 and pTG19T-hTIF2 

plasmids were obtained, the DNA fragments of RID-hSRC1 and RID-hTIF2 were 

excised by NdeI and SmaI restriction enzymes. The obtained RID-hSRC1 and RID-

hTIF2 fragments were 2,592 and 1,992 bp as visualized on the agarose gel (Figure 4.3). 

Each fragment was subcloned into the pre-cut pGADT7-AD vector using the same 

restriction enzymes. The obtained recombinant plasmids referred to as pGADT7-

hSRC1 and pGADT7-hTIF2 plasmids, which could produce the fusion proteins that 

contained the activation domain of GAL4 transcription factor.  
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Figure 4.3 The excised pTG19T-hSRC1 plasmid (A) and the excised pTG19T-hTIF2 

plasmid (B) visualized on 0.8% agarose gels. M: DNA marker. 

 

The positive clones containing the recombinant pGADT7-hSRC1 and 

pGADT7-hTIF2 plasmids were identified by two methods; PCR screening method and 

the digestion method. Figure 4.4 shows the results of the PCR screening method, which 

the specific primers were used to amplify the target DNA fragments. The amplified 

DNA fragments were 2,592 and 1,992 bp, well corresponding to the sizes of RID-

hSRC1 and RID-hTIF2, respectively. Figure 4.5 shows the results of the digestion 

method. In this method, NdeI and SmaI restriction enzymes were used to excise the 

insert fragment from the recombinant plasmids; pGADT7-hSRC1 and pGADT7-

hTIF2s. The results showed the sizes of the plasmid vector of 8,000 bp, RID-hSRC1 of 

2,592 bp, and RID-hTIF2 of 1,992 bp, suggesting the positive clones contained the 

correct recombinant plasmids. After that, all recombinant plasmids were isolated from 

the positive clones and their DNA sequences were analyzed by DNA-sequencing 

 



49 

analysis. The correct open reading frame (ORF) of each recombinant plasmid was 

confirmed before using in the next experiment.  

 

Figure 4.4 The positive clones containing pGADT7-hSRC1 (A) and pGADT7-hTIF2 

(B) as analyzed by the PCR screening method. M: DNA marker. 

 

 

Figure 4.5 The positive clones containing pGADT7-hSRC1 (A) and pGADT7-hTIF2 

(B) as analyzed by the digestion method. M: DNA marker. 
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The DNA sequences of both plasmids were also analyzed by Expasy 

translation and NCBI Blastn programs.  Figure 4.6 shows the result of the translational 

sequence of the RID-hSRC1 insert in the pGADT7-hSRC1 plasmid. The RID-

hSRC1fragment contained 2,592 bp, which encoded for 865 amino acid residues. 

Figure 4.7 shows the result of the NCBI Blastn analysis. The obtained RID-hSRC1 

sequence showed the highest similarity to the Homo sapiens nuclear receptor 

coactivator 1 or steroid receptor coactivator 1 (NCOA1 or SRC1) with 99.96% identity. 

It was noted that this sequence was detected in all seven transcript variants of SRC1.  

For pGADT7-hTIF2, it contained 1,992 bp of the RID-hTIF2 insert as 

analyzed by Expasy translation program (Figure 4.8). The RID-hTIF2 sequence 

encoded for 666 amino acid residues. For NCBI Blastn analysis, it showed high 

similarity to Homo sapiens nuclear receptor coactivator 2 or transcriptional 

intermediary factor 2 (NCOA2 or TIF2) with 99.75% identity (Figure 4.9). 

 

Figure 4.6 The translational sequence of the RID-hSRC1 insert of pGADT7-hSRC1 as 

analyzed by Expasy translation program. 
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Figure 4.7 The identity of the RID-hSRC1 insert of pGADT7-hSRC1 as analyzed by 

NCBI Blastn program. Red box indicated the gene used to design primers 

in this 

 

 

Figure 4.8 The translational sequence of the RID-hTIF2 insert of pGADT7-hTIF2 as 

analyzed by Expasy translation program.  
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Figure 4.9 The identity of the RID-TIF2 insert of pGADT7-hTIF2 as analyzed by NCBI 

Blastn program. Red box indicated the gene used to design primers in this 

work. 

 

4.1.2 Construction of pGBKT7-hERα and pGBKT7-hERβ 

The pGBKT7-hERα and pGBKT7-hERβ plasmids were constructed, which 

the LBD-hERα and LBD-hERβ inserts were synthesized by RT-PCR. The amplified 

DNA fragments of LBD-hERα and LBD-hERβ were visualized on 0.8% agarose gel, 

which their sizes were 1,035 and 576 bp as expected, respectively. 
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Figure 4.10 The amplified DNA fragments of LBD-hERα (A) and LBD-hERβ (B) 

visualized on 0.8% agarose gel. M: DNA marker.  

 

Each amplified DNA fragment was ligated to the pTG19T cloning vector 

(2,880 bp) and positive clones were selected, which they referred to as pTG19T-hERα 

and pTG19T-hERβ. Then, the LBD-hERα and LBD-hERβ inserts were excised from 

these plasmids using NdeI and BamHI restriction enzymes, which their sizes remained 

the same; 1,035 and 576 bp, respectively (Figure 4.11). Each DNA fragment was 

subcloned into the pre-cut pGBKT7-BD vector using the above mentioned restriction 

enzymes. The pGBKT7-BD vector was used for a production of fusion proteins that 

contained the DNA-binding domain of the GAL4 transcription factor. The obtained 

recombinant plasmids were referred to as pGBKT7-hERα and pGBKT7-hERβ.  
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Figure 4.11 The excised pTG19T-hERα plasmid (A) and the excised pTG19T-hERβ 

plasmid (B) visualized on 0.8% agarose gels. M: DNA marker. 

 

The positive clones containing the recombinant plasmids, pGBKT7-hERα 

and pGBKT7-hERβ, were screened by two methods; PCR screening and digestion 

methods. In the PCR screening method, the bacterial clones were checked by 

amplifying the insert DNA using the specific primers in PCR reaction. Figure 4.12 

shows the examples of the positive clones that contained pGBKT7-hERα and pGBKT7-

hERβ. The amplified DNA fragments of 1,035 and 576 bp indicated that the bacterial 

cloned contained pGBKT7-hERα and pGBKT7-hERβ, respectively. Also, the digestion 

method was used to confirm the positive clones, in which the recombinant plasmids 

were cut by NdeI and BamHI restriction enzymes (Figure 4.13). The obtained cut DNA 

fragments of 1,035 and 576 bp also indicated that the positive clones contained 

pGBKT7-hERα and pGBKT7-hERβ, respectively. The recombinant plasmid were 

confirmed by sequencing analysis to prove the correct open reading frame (ORFs).  
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Figure 4.12 The positive clones containing pGBKT7-ERα (A) and pGBKT7-ERβ (B) 

as analyzed by the PCR screening method. M: DNA marker. 

 

 

Figure 4.13 The positive clones containing pGBKT7-hERα (A) and pGBKT7-hERβ 

(B) as analyzed by the digestion method. M: DNA marker.  
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For pGBKT7-hERα, it consisted of 1,035 bp of LBD-hERα insert as 

analyzed by Expasy translation program (Figure 4.14). The LBD-hERα sequence 

encoded for 345 amino acid residues. For NCBI Blastn analysis, it showed high 

similarity to Homo sapiens estrogen receptor 1 (ESR1 or ERα) with 99.71% identity 

(Figure 4.15). 

For pGBKT7-hERβ, it contained the 576-bp LBD-hERβ insert as analyzed 

by Expasy translation program (Figure 4.16). This DNA sequence encoded for 193 

amino acid residues, which had high homology to Homo sapiens estrogen receptor 2 

(ER beta, ESR2) with 100% identity as determined by NCBI Blastn analysis (Figure 

4.17). 

 

 

Figure 4.14 The translation sequence of the LBD-hERα insert of pGBKT7-hERα as 

analyzed by Expasy translation program. 
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Figure 4.15 The identity of the LBD-hERα insert of pGBKT7-hERα as analyzed by 

NCBI Blastn program. Red box indicated the gene used to design primers 

in this work. 

 

 

Figure 4.16 The translation sequence of the LBD-hERβ insert of pGBKT7-hERβ as 

analyzed by Expasy translation program. 
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Figure 4.17 The identity of the LBD-hERβ insert of pGBKT7-hERβ as analyzed by 

NCBI Blastn program. Red box indicated the gene used to design primers 

in this work. 

 

4.2 Construction of Yeast Two Hybrid Systems 

In this work, four Y2H systems were constructed, which each system contained 

two recombinant plasmids (bait and prey plasmids). One recombinant plasmid (bait 

plasmid) produced the fusion protein of ER and DNA binding domain (BD). The other 

one (prey plasmid) produced the fusion protein of coactivator and activation domain 

(AD). The bait plasmids in this work were pGBKT7-hERα and pGBKT7-hERβ. The 

prey plasmids were pGADT7-hSRC1 and pGADT7-hTIF2. The yeast Saccharomyces 

cerevisiae stain AH109 were transformed with the first plasmid (pGADT7-hSRC1 or 

pGADT7-hTIF2). The grown colonies on a selective medium lacking leucine were the 

transformants, which were subsequently co-transformed with the second plasmid 

(pGBKT7-hERα or pGBKT7-hERβ). The grown colonies in a selective medium 

lacking both leucine and tryptophan were considered the putative Y2H colonies. After 
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these colonies were confirmed to obtain the correct plasmids inside, they were 

considered as the Y2H system. Four Y2H systems in this work were the Y2H (LBD-

ERα and RID-hSRC1), the Y2H (LBD-hERα and RID-hTIF2), the Y2H (LBD-ERβ 

and RID-hSRC1) and the Y2H (LBD-hERβ and RID-hTIF2). PCR analysis was used 

to detect the presence of both target plasmids in each Y2H system as follows. 

For the Y2H (LBD-ERα and RID-hSRC1), the amplified DNA fragments of 2,592 

and 1,035 bp suggested that the Y2H clone contained pGADT7-hSRC1 and pGBKT7-

hERα, respectively (Figure 4.18).  

 

Figure 4.18 The Y2H (LBD-ERα and RID-hSRC1) positive clone analyzed by the PCR 

screening method. M: DNA marker. 
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For the Y2H (LBD-ERα and RID-hTIF2), the amplified DNA fragments of 1,992 

and 1,035 bp indicated that this Y2H clone contained pGADT7-hTIF2 and pGBKT7-

hERα, respectively (Figure 4.19). 

Figure 4.19 The Y2H (LBD-ERα and RID-hTIF2) positive clone as analyzed by the  

PCR screening method. M: DNA marker. 

 

For the Y2H (LBD-ERβ and RID-hSRC1), the amplified DNA fragments of 2,592 

and 576 bp indicated that this Y2H clone contained pGADT7-hSRC1 and pGBKT7-

hERβ, respectively (Figure 4.20). 
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Figure 4.20 The Y2H (LBD-ERβ and RID-hSRC1) positive clone as analyzed by the 

PCR screening method. M: DNA marker 

 

For the Y2H (LBD-ERβ and RID-hTIF2), the amplified DNA fragments of 1,992 

and 576 bp indicated that this Y2H clone contained pGADT7-hTIF2 and pGBKT7-

hERβ, respectively (Figure 4.21). 
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Figure 4.21 The Y2H (LBD-ERβ and RID-hTIF2) positive clone as analyzed by the  

PCR screening method. M: DNA marker. 

 

4.3 Efficiency of Y2H Systems to Detect the Standard 17b-Estradiol 

The efficiencies of four Y2H systems were compared by determining the 

estrogenic activity of 17β-estradiol (E2) at various concentrations (10-11-10-7 M), which 

the results were shown in Figure 4.22.  

Via the action through ERa, the Y2H (LBD-hERα and RID-hRC1) and Y2H-

(LBD-ERα and RID-TIF2) systems demonstrated similar efficiencies to determine the 

estrogenic activity of E2 in a linear range at 10-11-10-9 M. At 10-8-10-7 M E2, both 

systems could detect the estrogenic activity but in a non-linear range (plateau and 

reduction phases), indicating that the upper detection limit of these Y2H systems in a 

linear range was at 10-9 M. 

Via the action through ERb, only the Y2H (LBD-hERβ and RID-hSRC1) system 

was efficiently detect the estrogenic activity of E2 in a linear range at the concentrations 
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of 10-11-10-7 M, but not the Y2H-(LBD-hERβ and RID-hTIF2) system. It was 

hypothesized the production of either protein in the yeast cells might be ineffective, 

causing no interaction between LBD-ERβ and RID-TIF2 upon the activation of E2 to 

induce the expression of the reporter gene.  

Thus, the Y2H (LBD-hERα and RID-hTIF2) and Y2H (LBD-hERβ and RID-

hSRC1) systems were selected as the suitable Y2H systems to determine the estrogenic 

activity of the tested chemicals that functioned via ERa and ERb, respectively. 
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Figure 4.22 The efficiencies of four Y2H systems to determine the estrogenic activity 

of the standard 17β-estradiol (10-11-10-7 M).  
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4.4 Efficiency of Y2H Systems to Detect the Standard Genistein 

As the Y2H systems were also used to determine estrogenic activity of 

phytoestrogens, their efficiencies to detect the estrogenic activity of the standard 

genistein (10-11-10-7 M), one of the common phytoestrogen compounds, were 

determined.  

The efficiencies of the Y2H (LBD-hERα and RID-hTIF2) and Y2H-(LBD-hERβ 

and RID-hSRC1) systems to determine estrogenic activity of genistein were shown in 

Figure 4.23. As compared with the standard E2, the maximum estrogenic activities of 

genistein via ERa and ERb were approximately 2.0 and 1.4 folds lower, respectively. 

Similar results were reported by Lee and colleagues (Haeng. Seog Lee et al., 2002), in 

which the estrogenic activities of genistein via both receptors were lower than those of 

E2. The estrogenic activity of genistein via ERα could be detected in a range of 10-

10-10-7 M, whereas its activity via ERβ were in a range of 10-9-10-7 M. Genistein was 

reported to have lower affinity to ERβ than ERα, therefore, it required higher 

concentration to efficiently bind to ERb (An et al., 2001).  
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Figure 4.23 The efficiencies of four Y2H systems to determine the estrogenic activity 

of the standard genistein (10-11-10-7 M) as compared with E2 (10-11-10-7 

M). 

 



CHAPTER V 

RESULT AND DISCUSION PART II 

Evaluation of estrogenic activity of ten plant extracts by 

yeast two hybrid system 

 

In this chapter, yeast-two-hybrid (Y2H) systems were used to detect the estrogenic 

activity of 10 plant extracts to better understand their actions via both estrogen 

receptors; ERα and ERβ. To study the action via ERα, the Y2H system containing 

pGBKT7-hERα and pGADT7-hTIF2 was used and referred to as the ERα-Y2H system. 

To study the action via ERβ, the Y2H system containing pGBKT7-hERβ and pGADT7-

hSRC1 was used and referred to as the ERβ-Y2H system. 

 

5.1 Preparation of Plant Extracts 

In this work, ten medicinal plants were selected to evaluate estrogenic activity. 

They were selected according to their folkloric uses for treating symptoms relating to 

female hormone imbalance (Table 5.1). The medicinal plants were either purchased 

from the traditional pharmacies or collected in the areas of Buriram and Nakhon 

Ratchasima provinces.  
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Roots, rhizomes, barks, or petals of these plants were used according to their 

traditional uses. They were extracted in 70% ethanol for 1 day before the solvent was 

evaporated by a rotary evaporator. The yield, maximal solubility in DMSO, pH, and 

color of the crude ethanolic extracts were in Table 5.2. Their yields were in a range of 

4.3-27.5 g per 100 g plant. The dried extracts could solubilize in DMSO with maximal 

solubility at 0.1 g/mL. The colors of the extracts were either yellow or brown.  Their 

pH after solubilizing in the medium was 6.5. 

 

Table 5.2 The yields of the crude ethanolic extracts. 

 Plants Yield 

(g / 100 g plant) 

Max. 

solubility 

(g/mL) 

pH Color 

1 Angelica sinensis 10.1 0.1 6.5 Yellow 

2 Angelica dahurica 27.5 0.1 6.5 Brown 

3 Carthamus tinctorius 17.8 0.1 6.5 Brown 

4 Curcuma xanthorrhiza 13.3 0.1 6.5 Brown 

5 Dendrolobium lanceolatum 6.4 0.1 6.5 Brown 

6 Glycyrrhiza glabra 7.3 0.1 6.5 Yellow 

7 Glycyrrhiza uralensis 4.3 0.1 6.5 Brown 

8 Morinda coreia 4.4 0.1 6.5 Brown 

9 Pueraria mirifica 12.8 0.1 6.5 Brown 

10 Zingiber officinale 5.5 0.1 6.5 Brown 
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In general, the indigenous peoples of Thailand were prepared these medicinal 

plants by the decoction method. Therefore, this work used a similar approach to prepare 

the crude-hot water extracts, which were subsequently compared their activities with 

the crude ethanolic extracts. The crude-hot water extracts were obtained via 1-h 

extraction in water at 95 °C before freeze-drying. The yield, maximal solubility in 

DMSO, pH, and color of the crude-hot water extracts were in Table 5.3. Their yields 

were in a range of 0.56-7.96 g per 100 g plant. The dried extracts could solubilize in 

DMSO with maximal solubility at 0.1 g/mL. The colors of the extracts were either 

yellow or brown.  Their pH after solubilizing in the medium was 6.5.   

Table 5.3 The yields of the crude-hot water extracts. 

 Plants Yield 

(g / 100 g plant) 

Max. 

solubility 

(g/mL) 

pH Color 

1 Angelica sinensis 7.84 0.1 6.5 Yellow 

2 Angelica dahurica 7.96 0.1 6.5 Brown 

3 Carthamus tinctorius 3.76 0.1 6.5 Brown 

4 Curcuma xanthorrhiza 2.32 0.1 6.5 Brown 

5 Dendrolobium lanceolatum 1.56 0.1 6.5 Brown 

6 Glycyrrhiza glabra 2.00 0.1 6.5 Yellow 

7 Glycyrrhiza uralensis 5.24 0.1 6.5 Brown 

8 Morinda coreia 0.56 0.1 6.5 Brown 

9 Pueraria mirifica 3.24 0.1 6.5 Brown 

10 Zingiber officinale 1.40 0.1 6.5 Brown 
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5.2 Estrogenic Activity of Crude Ethanolic Extracts 

5.2.1 Evaluation by ERα-Y2H system 

In this part, the estrogenic activities of crude ethanolic extracts (10-7-10-3 

g/mL) were determined by the ERα-Y2H system with the reference to the estrogenic 

activity of the standard E2 (2.7×10-11-2.7×10-4 g/mL). The results showed that five out 

of ten plant extracts exhibited estrogenic activity in a dose-dependent response via the 

interaction of ERα (Figure 5.1). The extract of Dendrolobium lanceolatum exhibited 

the highest estrogenic activity, followed by the extracts of Morinda coreia, Glycyrrhiza 

glabra, Glycyrrhiza uralensis, and Pueraria mirifica, respectively.  

The REC10 (10% relative effective concentration) and E2-REP10 (10% 

relative potency) were also determined to compare the estrogenic activity of the plant 

extracts with the standard E2. Five out of ten plant extracts were positive for estrogenic 

activity as their REC10 values could be determined (Table 5.4). Among these extracts, 

the extract of Dendrolobium lanceolatum exhibited the highest activity, followed by 

the extracts of Morinda coreia, Puraria mirifica, Glycyrrhiza glabra, and Glycyrrhiza 

uralensis, respectively. Nevertheless, their estrogenic activities were very low as 

compared with the standard E2 as indicated by the calculated E2-REP10 values; 0.009, 

0.0002, 0.00006, 0.00004, and 0.00002%, respectively.  
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Figure 5.1 The estrogenic activities of 10 crude ethanolic extracts (A) and standard E2 

(B) as evaluated by the ERα-Y2H system. 
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Table 5.4 Estrogenic activity of 10 crude ethanolic extracts evaluated by ERα-Y2H 

system. 

No. Plant species ERα-Y2H system 

REC10 

(g/mL) 

E2-REP10 

(%) 

1 Angelica sinensis N N 

2 Angelica dahurica N N 

3 Carthamus tinctorius N N 

4 Curcuma xanthorrhiza N N 

5 Dendrolobium lanceolatum 4.53×10-7 0.009 

6 Glycyrrhiza glabra 9.20×10-5 0.00004 

7 Glycyrrhiza uralensis 2.39×10-4 0.00002 

8 Morinda coreia 2.48×10-5 0.0002 

9 Pueraria mirifica 6.96×10-5 0.00006 

10 Zingiber officinale N N 

11 E2 4.01×10-11 100 

 Noted: N, negative. 

 

5.2.2 Evaluation by ERβ-Y2H system 

The estrogenic activities of ten crude ethanolic extracts were also evaluated 

by the ERβ-Y2H system as compared with the standard E2. The results showed that 

nine out of ten extracts exhibited estrogenic activity in a dose-dependent response via 

the interaction of ERβ (Figure 5.2). The extract of Dendrolobium lanceolatum exhibited 
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the highest estrogenic activity, followed by the extracts of Morinda coreia, 

Glycyrrhiza uralensis, Curcumar xanthorrhiza, Angelica dahurica, Pueraria mirifica, 

Glycyrrhiza glabra, Angelica sinensis, and Carthamus tinctorius, respectively. 

 

Figure 5.2 The estrogenic activities of 10 crude ethanolic extracts (A) and standard E2 

(B) as evaluated by the ERβ-Y2H system. 
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Via the ERβ-Y2H system, the REC10 and E2-REP10 were also determined to 

compare the estrogenic activity of the crude ethanolic extracts with the standard E2. 

Based on the REC10 values, nine out of ten plant extracts were positive for estrogenic 

activity (Table 5.5).  

 

Table 5.5 ERβ-estrogenic activity of 10 crude ethanolic extracts evaluated by the   

ERβ-Y2H system. 

No. Plant species ERβ-Y2H system 

REC10 (g/mL) E2-REP10 (%) 

1 Angelica sinensis 5.62×10-6 0.02 

2 Angelica dahurica 1.72×10-6 0.05 

3 Carthamus tinctorius 3.30×10-6 0.03  

4 Curcuma xanthorrhiza 3.03×10-6 0.03  

5 Dendrolobium lanceolatum 5.87×10-8 1.53 

6 Glycyrrhiza glabra 3.03×10-6 0.03 

7 Glycyrrhiza uralensis 1.75×10-7 0.51 

8 Morinda coreia 3.96×10-6 0.02  

9 Pueraria mirifica 5.10×10-6 0.02 

10 Zingiber officinale N N 

11 E2 8.98×10-10 100 

Noted: N, negative. 
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The extract of Dendrolobium lanceolatum demonstrated the highest activity, 

followed by the extracts of Glycyrrhiza uralensis, Glycyrrhiza glabra, Puraria mirifica, 

Morinda coreia, Curcuma xanthorrhiza, Angelica dahurica, Carthamus tinctorius, and 

Angelica sinensis, respectively. Their estrogenic activities were also compared with the 

standard E2, which their E2-REP10 values were 1.53, 0.51, 0.05, 0.03, 0.03, 0.03, 0.02, 

0.02, and 0.02%, respectively. Interestingly, the extract of Dendrolobium lanceolatum 

exhibited very high estrogenic activity, even higher than the standard E2, and it could 

function via both ER. It was also noted that the estrogenic activity of this plant was 

firstly reported here according to the literature review. Therefore, it was interesting for 

the further investigation of the potential applications. 

 

5.2.3 Comparison of estrogenic activity of ethanolic plant extracts via ERa- 

and ERβ 

The results of this work clearly showed that the phytoestrogens in these 

estrogenic-positive plants preferentially functioned via the interaction with ERβ since 

nine plant extracts were estrogenic-positive via the evaluation by the ERβ-system 

(Table 5.6). It was also noted that the extracts of Dendrolobium lanceolatum, 

Glycyrrhiza glabra, Glycyrrhiza uralensis, Morinda coreia, and Pueraria mirifica were 

estrogenic-positive as evaluated by both ERa- and ERβ-systems but demonstrated 

more potent activity as determined by the ERβ-system. These results suggested that 

phytoestrogens in these plants could function via both forms of ER but at different 

efficacies. However, four other plant extracts likely functioned via only ERβ; Angelica 

sinensis, Angelica dahurica, Carthamus tinctorius, and Curcuma xanthorrhiza. 
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Table 5.6 Comparison of estrogenic activity of ethanolic plant extracts via ERa- and 

ERβ 

Plant species 

ERα-Y2H system ERβ-Y2H system 

REC10 

(g/mL) 

E2-REP10 

(%) 

REC10 

(g/mL) 

E2-REP10 

(%) 

Angelica dahurica N N 5.62×10-6 0.02 

Angelica sinensis N N 1.72×10-6 0.05 

Carthamus tinctorius N N 3.30×10-6 0.03  

Curcuma xanthorrhiza N N 3.03×10-6 0.03  

Dendrolobium lanceolatum 4.53×10-7 0.009 5.87×10-8 1.53 

Glycyrrhiza glabra 9.20×10-5 0.00004 3.03×10-6 0.03 

Glycyrrhiza uralensis 2.39×10-4 0.00002 1.75×10-7 0.51 

Morinda coreia 2.48×10-5 0.0002 3.96×10-6 0.02  

Pueraria mirifica 6.96×10-5 0.00006 5.10×10-6 0.02 

Zingiber officinale N N N N 

E2 4.01×10-11 100 8.98×10-10 100 

 

Several novel information on the estrogenic activities of these plants was 

reported in this work. First, two plant extracts were never studied for their estrogenic 

activity, which this work was the first to report their estrogenic activities; 

Dendrolobium lanceolatum and Morinda coreia. Also, this work reported their actions 

via the interaction with both ERa and ERβ, but more preference to ERβ. Also, 

Angelica dahurica was firstly reported for its estrogenic activity via the interaction with 
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ERβ but not ERa in this work. There was one report by Kim and colleagues indicating 

that Angelica dahurica did not process estrogenic activity via the Y2H system based on 

ERa (I. G. Kim et al., 2008). Thus, this work clarified that Angelica dahurica possessed 

estrogenic activity via ERβ but not ERa. For Angelica sinensis, it was reported to 

possess estrogenic activity as determined by MCF-7 cell proliferation assay (Amato et 

al., 2002), however, many other publications were reported that it did not exhibit the 

estrogenic activity as determined by the ERa-based assays (C. Z. Zhang et al., 2005; 

Jianghua Liu et al., 2001). This work clarified these controversies as we found that 

Angelica sinensis extract (0.0001-1 mg/mL) exhibited estrogenic activity via the ERb 

but not ERa. For Carthamus tinctorius, it was reported to possess no estrogenic activity 

as determined by the ERα-Y2H system (I. G. Kim et al., 2008). In this work, it was 

clarified that Carthamus tinctorius exhibited estrogenic activity via the ERβ, but not 

the ERα. For the Curcuma xanthorrhiza, it was reported to no estrogenic activity as 

determined by the MCF-7 cell proliferation assay (Haryanti et al., 2020). Herein, this 

work clarified that Curcuma xanthorrhiza exhibited estrogenic activity via ERβ but not 

ERα. For Glycyrrhiza glabra and Glycyrrhiza uralensis, this work reported that both 

extracts possessed estrogenic activity through both ERα and ERβ, but more estrogenic 

activity via ERβ. Also, Glycyrrhiza uralensis exhibited estrogenic activity greater than 

Glycyrrhiza glabra. These results well corresponded to the report by Hajirahimkhan 

(Hajirahimkhan et al., 2018), in which the estrogenic activity was evaluated by the 

alkaline phosphatase activity via ERa in Ishikawa cells and the ERβ-ERE-luciferase 

induction via ERb in MDA-MB-231 cells. For Pueraria mirifica, its estrogenic activity 

was more potent via ERβ than ERα, which was similar to the report by Boonchird 
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(Boonchird et al., 2010) as evaluated by a yeast-based estrogenic assay. For 

Zingiber officinale, this work reported no detectable estrogenic activity via ERα nor 

ERβ. This result well corresponded to the report by Elkady (Elkady et al., 2012), which 

indicated the anti-proliferative effect of Zingiber officinale extract in MCF-7 cells (no 

function through ERα nor ERβ). Also, Abdullah (Abdullah et al., 2010) reported the 

anti-proliferation effect of the extract of Zingiber officinale in positive ERβ cell lines, 

HCT 116 colon cancer cell. (Fiorelli et al., 1999). This result also suggested no 

estrogenic activity of this plant extract.   

 

5.3 Estrogenic Activity of Crude-Water Extracts 

5.3.1 Evaluation by ERα-Y2H system 

The estrogenic activity of crude-water extracts derived from 10 species of 

traditional medicinal plants was evaluated by the ERα-Y2H system as compared with 

the standard E2 (2.7×10-11 - 2.7×10-4 M) as shown in Figure 5.3. The results showed 

that seven out of ten plant extracts exhibited estrogenic activity in a dose-dependent 

response via the interaction of ERα. The extract of Glycyrrhiza ularensis showed the 

highest estrogenic activity, followed by the extracts of Morinda coreia, and Pueraria 

mirifica, respectively. The crude-water extracts of Glycyrrhiza glabra, Dendrolobium 

lanceolatum, Curcumar xanthorrhiza, and Zingiber officinale had very low estrogenic 

activity at the high concentrations.  

The REC10 and E2-REP10 values of these crude-water extracts were reported 

in Table 5.7. Six out of ten crude-water extracts exhibited estrogenic activity as 

determined by REC10. The crude-water extract of Glycyrrhiza uralensis had the 

strongest activity, followed by the extracts of Pueraria mirifica, Dendrolobium 
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lanceolatum, Curcuma xanthorrhiza, Morinda coreia, and Glycyrrhiza glabra, 

respectively. Their REC10 values were 4.35×10-7, 3.05×10-5, 2.57×10-5, 1.22×10-5, 

1.19×10-5, and 1.16×10-4 g/mL, respectively. The extract of Glycyrrhiza uralensi had 

the highest E2-REP10 value, followed by Morinda coreia, Curcuma xanthorrhiza, 

Dendrolobium lanceolatum, Pueraria mirifica, and Glycyrrhiza glabra: 0.194, 0.016, 

0.07, 0.003, 0.003, and 0.007%, respectively.  
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Figure 5.3 The estrogenic activities of 10 crude-water extracts (A) and standard E2 (B) 

as evaluated by the ERα-Y2H system. 
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5.7 Estrogenic activity of crude-water extracts detected by the ERα-Y2H system. 

No. Plant species ERα-Y2H system 

REC10 (g/mL) E2-REP10 (%) 

1 Angelica dahurica N N 

2 Angelica sinensis N N 

3 Carthamus tinctorius N N 

4 Curcuma xanthorrhiza 1.22×10-5 0.006 

5 Dendrolobium lanceolatum 2.57×10-5 0.003 

6 Glycyrrhiza glabra 1.16×10-4 0.0007 

7 Glycyrrhiza uralensis 4.35×10-7 0.194 

8 Morinda coreia 1.19×10-5 0.07 

9 Pueraria mirifica 3.05×10-5 0.003  

10 Zingiber officinale N N 

11 E2 8.44×10-10 100 

Noted: N, negative. 

 

5.3.2 Evaluation by ERb-Y2H system 

The estrogenic activity of 10 crude-water extracts was also evaluated by the 

ERβ-Y2H system as compared with the standard E2 (2.7×10-11 - 2.7×10-4 M) as shown 

in Figure 5.4. The results showed that two out of ten plant extracts had estrogenic 

activity via the interaction with ERβ. The extract of Morinda coreia exhibited the 

highest estrogenic activity at the concentration of 10-4 mg/mL, while the extract of 

Dendrolobium lanceolatum had the estrogenic activity at 10-3 mg/mL. The other eight 
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water extracts exhibited no estrogenic activity via ERβ: Angelica dahurica, Angelica 

sinensis, Carthamus tinctorius, Curcuma xanthorrhiza, Glycyrrhiza glabra, 

Glycyrrhiza uralensis, Pueraria mirifica, and Zingiber officinale. 

The REC10 and E2-REP10 values of these crude-water extracts were 

calculated as displayed in Table 5.8. Only two extracts exhibited the estrogenic activity 

as determined by the REC10 values; Morinda coreia and Dendrolobium lanceolatum 

(1.87´10-5 and 8.63´10-4 g/mL, respectively). As compared with the standard E2, the 

E2-REP10 values of the extracts were 0.067 and 0.002%, respectively. 

Table 5.8 Estrogenic activity of crude-water extracts detected by ERβ-Y2H system. 

No. Plant species ERβ-Y2H system 

REC10 (g/mL) E2-REP10 (%) 

1 Angelica dahurica N N 

2 Angelica sinensis N N 

3 Carthamus tinctorius N N 

4 Curcuma xanthorrhiza N N 

5 Dendrolobium lanceolatum 8.63×10-4 0.002 

6 Glycyrrhiza glabra N N 

7 Glycyrrhiza uralensis N N 

8 Morinda coreia 1.87×10-5 0.067 

9 Pueraria mirifica N N  

10 Zingiber officinale N N 

11 E2 1.26×10-8 100 

Noted: N, negative. 
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Figure 5.4 The estrogenic activities of 10 crude-water extracts (A) and standard E2 (B) 

as evaluated by the ERβ-Y2H system. 
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5.3.3 Comparison of estrogenic activity of water extracts via ERa and ERb 

As some medicinal recipes used boiling water to prepare the medicines from 

these plants, this work also included the investigation of estrogenic activity of the water 

extracts of these plant samples via ERa and ERb (Table 5.9).  

 

Table 5.9 Comparison of estrogenic activity of plant water extracts via ERα and ERβ. 

No. 

Plant species 

ERα-Y2H system  ERβ-Y2H system 

REC10 

(g/mL) 

E2-REP10 

(%) 

 REC10 

(g/mL) 

E2-REP10 

(%) 

1 Angelica dahurica N N  N N 

2 Angelica sinensis N N  N N 

3 Carthamus tinctorius N N  N N 

4 Curcuma 

xanthorrhiza 

1.22×10-5 0.006  N N 

5 Dendrolobium 

lanceolatum 

2.57×10-5 0.003  8.63×10-4 0.002 

6 Glycyrrhiza glabra 1.16×10-4 0.0007  N N 

7 Glycyrrhiza uralensis 4.35×10-7 0.194  N N 

8 Morinda coreia 1.19×10-5 0.07  1.87×10-5 0.067 

9 Pueraria mirifica 3.05×10-5 0.003   N N  

10 Zingiber officinale N N  N N 

11 E2 8.44×10-10 100  1.26×10-8 100 

Noted: N, negative. 
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Among ten crude water extracts, only two plant extracts exhibited estrogenic 

activity via the action of both ERa and ERb; Morinda coreia and Dendrolobium 

lanceolatum. Four plant extracts could exhibit estrogenic activity only via ERa; 

Glycyrrhiza uralensis, Curcuma xanthorrhiza, Pueraria mirifica, and 

Glycyrrhiza glabra. From these results, the active phytoestrogens in water extracts 

dominantly functioned via ERa, which differed from the active phytoestrogens in 

ethanolic extracts that mainly worked through ERb. 

In this work, the crude-water extracts of Morinda coreia and Dendrolobium 

lanceolatum exhibited estrogenic activity via both ERa and ERb, which from the 

literature search these two plant species have not yet reported about their estrogenic 

activities. Therefore, this work was the first to report their estrogenic activity.  

Four crude-water extracts exhibited estrogenic activity through the action of 

ERa in this report; Glycyrrhiza uralensis, Curcuma xanthorrhiza, Pueraria mirifica, 

and Glycyrrhiza glabra. The estrogenic activity of water extract of Glycyrrhiza 

uralensis via ERa was well supported by the previous reports of Zang (Yong-Jiao 

Zhang et al., 2018; C. Hu et al., 2009). The crude-water extract of Glycyrrhiza uralensis 

was reported to exhibit estrogenic activity via ERα as evaluated by MCF-7 cell 

proliferation assay(C. Hu et al., 2009), but exhibit no estrogenic activity via ERβ as 

determined by the B16-F10 melanoma cell proliferation test (Yunfeng Zheng et al., 

2018). In this work, the low estrogenic activity of water extract of Curcuma 

xanthorrhiza was detected via ERα but not ERβ. However, based on the literature 

search, there is no study of the estrogenic evaluation of its water extract yet. For 

Pueraria mirifica, this work reported the estrogenic activity of its crude-water extract 

 



87 

via ERa but not ERb. Based on the literature review, the study of the estrogenic activity 

of water extract of Pueraria mirifica is not reported yet. For Glycyrrhiza glabra, this 

work reported its very low estrogenic activity via ERa, but not via ERb. However, 

Nazmi (Nazmi et al., 2018) reported that the crude-water extract of Glycyrrhiza glabra 

had no estrogenic activity via both receptors as determined by the cell-proliferation 

assays using MCF-7 (ERa) and HT-29 (ERb). It was likely that the Y2H assay is more 

sensitive for estrogenic activity detection, therefore low estrogenic detection of this 

crude-water extract of Glycyrrhiza glabra was detected in this work.  

In this work, four water extracts had no estrogenic activity as determined by 

both systems; Angelica dahurica, Angelica sinensis, Carthamus tinctorius, and 

Zingiber officinale. Similar results of water extract of Angelica dahurica were reported 

by Tuy-on and Pervin (Tuy-on et al., 2020), in which it had no estrogenic activity as 

determined by the proliferation assays of MCF-7 (ERα) and HT-29 (ERβ). For 

Carthamus tinctorius, the polysaccharides isolated from water extract of this plant 

exhibited no estrogenic activity via the cell proliferation assay of MCF-7 cell (ERα) (Z. 

Luo et al., 2015). Also, Liang (Liang et al., 2017) reported the water extract of this plant 

had no estrogenic activity as evaluated by the proliferation effect in HT-29 (ERβ). For 

Zingiber officinale, Elkady reported that its crude water extract had no estrogenic 

activity as determined by the proliferation assay of MCF-7 (ERα) cell (Elkady et al., 

2012). Also, Tahir (Tahir et al., 2015) reported that crude-water extract of 

Zingiber officinale exhibited no estrogenic activity as determined by the proliferation 

assay of HT29 (ERβ) cell. 
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5.4 Comparison of Estrogenic Activity of Ethanolic and Water 

Extracts of Ten Plant Species via the Actions of ERa and ERb 

 The estrogenic activity of the ethanolic and water extracts derived from 10 plant 

species was compared in Table 5.10, which showed both REC10 and E2-REP10 values. 

As E2-REP10 values were calculated by normalizing the data with the standard E2, they 

were more suitable to use for the comparison of the estrogenic activity between the 

ethanolic and water extracts derived from each plant species. 

Based on E2-REP10, the extraction via ethanol was more efficient to extract 

phytoestrogenic compounds than the extraction by water. The ethanolic extracts of 

these plants were more efficient to function via ERβ than ERα as evaluated by the 

higher values of E2-REP10. Nine out of ten ethanolic extracts exhibited estrogenic 

activity via ERβ, and five out of ten ethanolic extracts functioned via ERα. Among 10 

plant species, the ethanolic extract of Dendrolobium lanceolatum exhibited the greatest 

estrogenic activity with the E2-REP10 of 1.53%. As compared between ethanolic and 

water extracts of the same plant species, their estrogenic activities via both receptors 

were different, suggesting that different estrogenic compounds were obtained by both 

methods. Some plant extracts exhibited estrogenic activity via both ERa and ERb, 

whereas some exhibited estrogenic activity via only ERa or ERb. In this work, only 

one plant species (Zingiber officinale) showed no estrogenic activity of both ethanolic 

and water extracts via both receptors. 

In general, the action of E2 via ERa involves in regulation of the female 

reproductive system, preservation of skeletal homeostasis, and regulation of 

metabolism (Paterni et al., 2014). ERα is present in the liver, kidney (Amenyogbe et 
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al., 2020), mammary gland, uterus, ovary (thecal cells), bone, testis, epididymis, 

prostate (stroma), adipose tissue, and heart cells (Paterni et al., 2014). While ERb is 

mainly founded in the ovary, central nervous system, cardiovascular system, lung, male 

reproductive organs, prostate, colon, and immune system (Xue Ling Xu et al., 2021). 

In this study, the estrogenic activities of all ethanolic extracts (except Zingiber 

officinale extract) mainly functioned via ERβ. According to the report of Nanashima 

and colleagues, a possible mechanism of the phytoestrogenic compounds in herbal plant 

extracts act as estradiol agonists via selective binding to ERβ. Therefore, these 

phytoestrogens are used to treat senile-stage disorders associated with ERβ such as 

menopausal disorder. These phytoestrogens are preferentially used as hormone 

alternatives for hormone therapy (Nanashima et al., 2017). 

Phytoestrogens were reported for improving skin health, which might be related to 

the dominant presence of ERβ in skin cells (Lephart and Naftolin, 2021). The functions 

of phytoestrogens via ERb involve the increased contents of collagen, water, and elastin 

fiber in the skin (Rzepecki et al., 2019). Several phytoestrogens were reported to exhibit 

positive effects on human skin. Genistein, the phytoestrogen extracted from soybeans, 

was added to cosmetic products to improve skin dryness and wrinkle. Genistein was 

reported to increase skin collagen by inducing vascular endothelial growth factor 

(VEGF) and transforming growth factor β (TGF-β) in the skin (Tao Liu et al., 2020). 

Soy isoflavone was reported to stimulate the production of collagen and hyaluronic acid 

(HA) by human fibroblasts (Tao Liu et al., 2020). HA is a member of GAGs that 

functions to increase moisture content and support the proliferation of fibroblasts. 

Resveratrol, a phytoestrogen naturally found in grapes, was reported to increase elastin 

fibers (Lephart and Naftolin, 2021). As elastin supports the structure of the skin and 
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reinstitutes skin shape after stretching or contracting, it was added in cosmetics for anti-

aging and anti-wrinkle functions (Tronnier, 2018).  

Phytoestrogens that function via the interaction to ERα have been applied for 

treating an osteoporosis problem in menopausal women since the ERα activation 

involves the regulation of skeleton growth and bone remodeling (Gustafsson et al., 

2016). Wu and colleagues reported that genistein could improve bone healing via 

triggering ERα-mediated osteogenesis-associated gene expressions and subsequent 

osteoblast maturation (Wu et al., 2020). Moreover, Li and colleagues (Li et al., 2015) 

reported that the seed extract of bakuchiol, a meroterpene from Psoralea corylifolia, 

had a binding affinity to ERα more than ERβ. It could improve bone health and reduce 

the risk of osteoporosis in aging persons (Bharathi and Baby, 2017).  

Moreover, phytoestrogens that exhibited the activity via the binding to ERα were 

important for female fertility and postpartum uterine involution (W. Winuthayanon et 

al., 2014). Postpartum uterine involution is a regenerative process for the uterus to 

return to non-pregnant size (Zi. Huan Zheng et al., 2019). Zheng and colleagues (Zi. 

Huan Zheng et al., 2019) reported that Apios americana extract could improve uterine 

involution in female rats. These plant extracts contained high levels of isoflavone and 

saponin. Kaneta and colleagues (Kaneta et al., 2016) reported four types of isoflavone 

in the Apios americana extract exhibiting estrogenic activity via ERα. These researches 

suggested that phytoestrogens with preferential binding to ERα had potential 

applications in postpartum care.  
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5.5 Estrogenic Activity of In Vitro Simulated Digestion of Ethanolic 

Extracts of 10 Plant Species  

5.5.1 Estrogenic activity of the digested extracts (derived from ethanolc 

extracts) evaluated by ERa-Y2H system 

In this part, in vitro, simulated digestion method was used to mimic the 

gastrointestinal tract digestion of crude ethanolic medicinal plants. The estrogenic 

activities of in vitro digested plant extracts (derived from ethanolic extracts, 10-4 g/mL) 

and standard E2 (2.7×10-4 g/mL or 10-7 M) were determined by the ERa-Y2H system 

as shown in Figure 5.5 and Table 5.11. For the standard E2, the digested E2 exhibited 

the decreased estrogenic activity to 92.82±1.02%. Similarly, six digested plant extracts 

showed reduced estrogenic activity; the extracts of Angelica dahurica, 

Angelica sinensis, Carthamus tinctorius, Glycyrrhiza glabra, Morinda coreia, and 

Pueraria mirifica. In contrast, four out of ten digested plant extracts demonstrated the 

increased estrogenic activity; the extracts of Curcuma xanthorrhiza, Dendrolobium 

lanceolatum, Glycyrrhiza glabra, and Zingiber officinale. Among all digested extracts, 

the digested extract of Dendrolobium lanceolatum exhibited the highest estrogenic 

activity (92.82±4.01%), which was close to the activity of the digested E2.  

The increased estrogenic activity found in digested plant extracts was hypothesized 

to involve the structural changes of plant compounds from inactive into active forms, 

such as a change of glycosides to active aglycones (Basu et al., 2016). For E2 and some 

other plant extracts, the digested forms showed reduced estrogenic activity. The activity 

reduction might be due to the digestion condition damaging their active forms or 

changing their structures to exhibit antiestrogenic activity (Sirotkin and Harrath, 2014). 
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Figure 5.5 The relative estrogenic activities of undigested and digested plant extracts 

(ethanolic extracts, 1 ´ 10-4 g/mL) and E2 (1 ´ 10-7 g/mL) by ERα-Y2H 

system. Independent sample T-test was analyzed at p < 0.05, n=3. 

 

Table 5.11 The relative estrogenic activity of 10 ethanolic extracts under the digested 

and undigested conditions evaluated by ERα-Y2H system. 

Ethanolic plant extracts 
Relative estrogenic activity (%) 

Undigested condition Digested condition 

1 Angelica dahurica 5.50±0.13 3.26±0.27* 

2 Angelica sinensis 4.20±0.12 2.79±0.13* 

3 Carthamus tinctorius 5.52±0.11 3.80±0.23* 

4 Curcuma xanthorrhiza 5.72±0.13 8.10±0.77* 

5 Dendrolobium lanceolatum 80.27±0.06 92.82±4.01* 

6 Glycyrrhiza glabra 6.68±0.03 3.02±0.17* 

7 Glycyrrhiza uralensis 18.56±0.11 23.91±1.30* 

8 Morinda coreia 30.53±0.05 13.72±0.34* 

9 Pueraria mirifica 13.33±0.05 10.39±0.58* 

10 Zingiber officinale 4.41±0.07 5.07±0.18* 

11 E2 100.00 92.82±1.02* 

Remark: Comparison between undigested and digested samples, * p < 0.05, n=3. 
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5.5.2 Estrogenic activity of the digested extracts (derived from ethanolic 

extracts) evaluated by ERβ-Y2H system 

The digested plant extracts derived from ethanolic extracts of 10 plant 

species (10-4 g/mL) and the standard E2 (2.7×10-7 g/mL) were also evaluated for their 

estrogenic activities by the ERβ-Y2H system (Figure 5.6 and Table 5.12). The digested 

E2 exhibited reduced estrogenic activity to 94.23±1.53%. Similarly, eight out of ten 

digested plant extracts exhibited the reduction of estrogenic activity; Angelica 

dahurica, Angelica sinensis, Carthamus tinctorius, Curcuma xanthorrhiza, 

Glycyrrhiza glabra, Glycyrrhiza uralensis, Morinda coreia, and Pueraria mirifica. In 

contrast, only two digested plant extracts exhibited the increased estrogenic activity; 

Dendrolobium lanceolatum and Zingiber officinale. Interestingly, the digested extract 

of Dendrolobium lanceolatum exhibited the highest estrogenic activity 

(160.06±8.20%), which was much higher than the standard E2. The results of this work 

suggested that Dendrolobium lanceolatum might be the source of potent 

phytoestrogens for medicinal and cosmetic applications due to its strong estrogenic 

activity as compared with other known phytoestrogenic plants in Thailand. Also, the 

estrogenic activity of this plant species was first reported here. So, its potential 

applications should be further studied for commercial products. 
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Figure 5.6 The relative estrogenic activities of undigested and digested plant extracts 

(ethanolic extracts, 1 ́  10-4 g/mL) and E2 (1 ́  10-7 g/mL) evaluated by ERβ-

Y2H system. Independent sample T-test was analyzed at p < 0.05, n=3. 

 

Table 5.12 The relative estrogenic activity of 10 ethanolic extracts under the digested 

and undigested conditions evaluated by ERb-Y2H system  

Ethanolic plant extracts 
Relative estrogenic activity (%) 

Undigested condition Digested condition 

Angelica dahurica 26.27±0.70 4.48±0.04* 

Angelica sinensis 29.18±0.55 3.69±0.09* 

Carthamus tinctorius 20.53±1.02 4.47±0.19* 

Curcuma xanthorrhiza 31.43±1.18 3.67±0.08* 

Dendrolobium lanceolatum 76.96±1.92 160.06±8.20* 

Glycyrrhiza glabra 37.01±1.20 3.12±0.00* 

Glycyrrhiza uralensis 25.19±1.27 3.76±0.00* 

Morinda coreia 53.15±1.28 3.52±0.20* 

Pueraria mirifica 35.58±1.32 4.80±0.05* 

Zingiber officinale 3.18±0.39 3.70±0.10 

E2 100.00 94.23±1.53* 

Remark: Comparison between undigested and digested samples, * p < 0.05, n=3 
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5.5.3 Comparison of estrogenic activities of the digested ethanolic extracts 

evaluated by ERa-Y2H and ERβ-Y2H systems 

The estrogenic activities of the digested ethanolic extracts derived from 10 

plant species that were evaluated by ERa-Y2H and ERβ-Y2H systems were compared 

in Table 5.13. The results revealed that ethanolic extracts of these plant after in vitro 

digestion mostly exhibited the reduction of estrogenic activity through the interaction 

of both ERa and ERβ. However, few digested extracts could possess increased 

estrogenic activity. Via ERa, four digested extracts derived from Curcuma 

xanthorrhiza, Glycyrrhiza uralensis, Dendrolobium lanceolatum, and 

Zingiber officinale exhibited escalated estrogenic activity; 146.73, 128.83, 115.63, and 

114.97% increase, respectively. Via ERβ, only digested extracts of Dendrolobium 

lanceolatum exhibited the rise of estrogenic activity; 207.98% increase.  

For Dendrolobium lanceolatum, this work was the first report to compare 

its estrogenic activity in the conditions with and without simulated digestion via the 

interaction with ERa and ERβ. Since its digested extract exhibited significant increase 

of estrogenic activity via both receptors, its phytoestrogens were potential for 

pharmaceutical applications that required an oral uptake. Also, an in vitro digestion of 

this plant extract likely generated new effective compounds exhibiting estrogenic 

activity, which should further study. Based on the report of Kanokmedhakul and 

colleagues, the major isolated compounds of Dendrolobium lanceolatum were 

flavanones, flavan, and dibenzocycloheptene derivative (Kanokmedhakul et al., 2004). 

Previous report revealed that plant flavanone and flavan, belonging to a flavonoid 

group, were considered as phytoestrogens due to their exhibition of estrogenic activity 
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(Durazzo et al., 2019). Nevertheless, these isolated compounds from Dendrolobium 

lanceolatum have never been tested for their estrogenic activity.  

For Curcuma xanthorrhiza, this work was the first report of the estrogenic 

activity of its in vitro digested extract. Its digested extract exhibited increased 

estrogenic activity only via ERα but not ERβ. Its estrogenic activity was 146.73% 

increase under digested condition. Based on the reported of Aznam and Atun (Aznam 

and Atun, 2017), the major isolated compounds of Curcuma xanthorrhiza was 

curcuminoids. They exhibited estrogenic activity via ERα as determined by positive 

proliferation effect in ERα-positive MCF-7 cells. However, they did not stimulate the 

proliferation of ERβ-positive MDA-MB-231 cells (Bachmeier et al., 2010). Moore and 

colleagues (Moore et al., 2014) reported that the in vitro digested UBS109 (curcumin 

analogue) exhibited  moderate estrogenic activity via a proliferation assay of MDA-

MB-231 cells. Winuthayanon and colleagues reported about that the estrogenic activity 

of diarylheptanoids, the main active compounds in the extract of Curcuma comosa, in 

the conditions with and without digestion with a rat liver S9-fraction. They found that 

the metabolic activation of diarylheptanoids significantly increased their estrogenic 

activity (Wipawee Winuthayanon et al., 2009).  

For Glycyrrhiza uralensis, its digested extract also exhibited increased 

estrogenic activity via ERα but not ERβ. Its estrogenic activity was 128.83% increase 

under digested condition. Previously reported, the major compounds of 

Glycyrrhiza uralensis were glycyrrhizic acid (10.8%), liquiritin (2.9%), and 

isoliquiritigenin (2.2%) (Barbosa et al., 2017). In the digested system, liquiritin was 

metabolized to liquiritigenin by intestinal flora (Meng et al., 2012). Liquiritigenin 

exhibited estrogenic activity as it could stimulate proliferation of ERα-positive MCF-7 
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cells. However, it did not function via ERβ since it exhibited no proliferation effect in 

ERβ-positive MDA-MB-231 cells (Lattrich et al., 2013). Although, glycyrrhizic acid is 

a major compound of Glycyrrhiza uralensis, it exhibited no estrogenic activity as 

evaluated by the alkaline phosphatase activity via ERα in Ishikawa cell assay (Poh and 

Yin, 2013).  

For Zingiber officinale, its digested extract showed increased estrogenic 

activity via ERα but not ERβ. Its estrogenic activity was 114.97% increase under 

digested condition. Previously reported, the major bioactive compounds of 

Zingiber officinale was gingerols (Asamenew et al., 2019). Among gingerols, 6-

gingerol was the predominant bioactive compound that reported for its estrogenic 

activity as determined by cell proliferation assay (Mao et al., 2019). It induced a 

proliferation of ERα-positive osteoblast MG-63 cells (Fan et al., 2015), but not of ERβ-

positive MDA-MB-231 cells (Luna et al., 2018). Also, 6-gingerol was reported to stable 

in a gastrointestinal condition and be absorbed in an intestinal tract (Annunziato et al., 

2018). 

For the rest of the plant extracts, their estrogenic activities were reduced 

under a simulated digestion condition. These findings were supported by several 

publication reports as follows.  

For Angelica dahurica, one of its major compounds is imperatorin, which 

its digested metabolite, heraclenin, exhibited no estrogenic activity as evaluated by 

ERa-positive MCF-7 cells (Mottaghipisheh et al., 2018) and positive ERβ-positive 

DU145 cells (Y. Xu et al., 2017). 

For Angelica sinensis, its major compound is ligustilide, which could be 

metabolized into senkyunolide I in a condition with a rat liver S9 extract (Xie et al., 
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2020). Hsieh and colleagues (Hsieh et al., 2015) reported that senkyunolide I showed 

no estrogenic activity in ERβ-positive HT-29 cells. However, based on a literature 

search, this digested extract of Angelica sinensis has not yet been reported on its 

estrogenic activity via ERα. 

For Carthamus tinctorius, its major active compounds were flavonoids 

(Mani et al., 2020), which could be hydrolyzed into diosmetin and luteolin by intestinal 

enzymes (Rice, 2004). Diosmetin was reported to exhibit no estrogenic activity via 

ERα-positive MCF-7 cells (Bin Liu et al., 2016), nor ERβ-positive DU145 cells (Soares 

et al., 2019). Luteolin was also reported to exhibit no estrogenic activity as determined 

in both ERα-positive T47D cells and ERβ-positive MDA-MB 231 cells (Liming Huang 

et al., 2019). 

For Morinda coreia, its major active compound was anthraquinone 

(Kannan et al., 2020). In the intestine, anthraquinone was metabolized into 

anthraquinone aglycone based on the functions of enzymes in the intestinal flora 

(Dongpeng Wang et al., 2021). The anthraquinone aglycone of the other plant species, 

Rubia philippinensis, was reported to exhibit no estrogenic activity in both ERα-

positive MCF-7 cells and ERβ-positive MDA-MB-231 cells. (Bajpai et al., 2018)  

However, based on a literature search, there is not any report on the digested extract of 

Morinda coreia and its estrogenic activity via ERα and ERβ. 

For Pueraria mirifica, its bioactive compounds were in the groups of 

isoflavones, lignans, and coumestans (Lin et al., 2017). Among these compounds, 

isoflavones were a major group of phytoestrogens in this plant (S. Malaivijitnond et al., 

2004). Puerarin, genistin, and daidzin were the dominant compounds in an isoflavone 

group, which could be metabolized into daidzein and genistein by intestinal microflora 
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(Suchinda Malaivijitnond, 2012). Both genistein and daidzein were reported to exhibit 

no estrogenic activity in ERα-positive MCF-7 cells and ERβ-positive MDA-MB-231 

cells (Zhu et al., 2018). 
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5.6 Estrogenic Activity of in vitro Simulated Digestion of Water 

Extracts of 10 Plant Species 

5.6.1 Estrogenic activity of the digested extracts (derived from water 

extracts) evaluated by ERa-Y2H system 

 The water extracts of 10 plant species under undigested and digested 

conditions were also evaluated for their estrogenic activities by ERa-Y2H and ERb-

Y2H systems.  

In this part, their estrogenic activities were determined by the ERα-Y2H 

system as shown in Figure 5.7 and Table 5.14. Similar to the previous study, the 

digested E2 exhibited reduced estrogenic activity to 94.14±1.56%. In this work, only 

one extract showed reduced estrogenic activity; Glycyrrhiza glabra. Two extracts 

showed no significantly different estrogenic activities of undigested and digested 

extracts; Curcuma xanthorrhiza and Zingiber officinale. In contrast, seven digested 

extracts demonstrated the increased estrogenic activities; Angelica dahurica, Angelica 

sinensis, Carthamus tinctorius, Dendrolobium lanceolatum, Glycyrrhiza uralensis, 

Morinda coreia, and Pueraria mirifica potent estrogenic activity than undigested 

extracts. Interestingly, the digested extract of Glycyrrhiza uralensis exhibited the 

highest estrogenic activity 82.73±1.90%, which was a 3.65-fold increase as compared 

with its undigested extract. As compared with ethanolic extracts of these plant species, 

their estrogenic activities evaluated by the ERα-Y2H system greatly differed from those 

of water extracts. These results suggested that different phytoestrogens were likely 

obtained from ethanolic and water extracts. Therefore, the digested extracts of these 

plant extracts from water and ethanolic extracts exhibited significantly different 

estrogenic activities via the interaction of the same receptor, ERα. 
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Figure 5.7 The relative estrogenic activities of undigested and digested plant extracts 

(water extracts, 1 ´ 10-4 g/mL) and standard E2 (1 ´ 10-7 g/mL) evaluated 

by ERα-Y2H system. Independent sample T-test was used at p < 0.05, n=3. 
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Table 5.14 The relative estrogenic activity of water extracts derived from 10 plant 

species under the digested and undigested conditions evaluated by ERα-

Y2H system. 

Water plant extracts 
Relative estrogenic activity (%) 

Undigested condition Digested condition 

Angelica dahurica 0.84±0.06 5.17±0.73* 

Angelica sinensis 0.81±0.02 4.02±0.18* 

Carthamus tinctorius 1.14±0.08 4.96±0.41* 

Curcuma xanthorrhiza 8.86±0.71 8.63±0.95 

Dendrolobium lanceolatum 9.48±0.27 45.91±2.51* 

Glycyrrhiza glabra 6.67±0.42 3.73±0.30* 

Glycyrrhiza uralensis 22.69±1.28 82.73±1.90* 

Morinda coreia 15.51±1.32 63.10±8.28* 

Pueraria mirifica 10.39±0.58 24.82±0.32* 

Zingiber officinale 4.21±0.57 3.73±0.15 

E2 100.00 94.14±1.56* 

Remark: Comparison between undigested and digested samples, * p < 0.05, n=3. 

 

5.6.2 Estrogenic activity of the digested extracts (derived from water 

extracts) evaluated by ERβ-Y2H system 

The estrogenic activities of in vitro digested plant extracts (derived from 

water extracts) were also evaluated by the ERβ-Y2H system as shown in Figure 5.8 and 

Table 5.15. The digested E2 exhibited reduced estrogenic activity to 93.46±1.78%. 

Similarly, 7 digested plant extracts exhibited reduced estrogenic activities, which were 
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the extracts of Angelica dahurica, Angelica sinensis, Carthamus tinctorius, Glycyrrhiza 

glabra, Glycyrrhiza uralensis, Morinda coreia, and Zingiber officinale. Two digested 

extracts of Curcuma xanthorrhiza and Pueraria mirifica showed no significant 

difference between the estrogenic activities of undigested and digested samples. In 

contrast, one digested extract showed the induced estrogenic activities, which was the 

extract of Dendrolobium lanceolatum. Among these plant extracts, the digested extract 

of Dendrolobium lanceolatum exhibited the highest estrogenic activity (43.52±1.01%).   

  

 

Figure 5.8 The relative estrogenic activities of undigested and digested plant extracts 

(water extracts, 1 ´ 10-4 g/mL) and E2 (1 ´ 10-7 g/mL) evaluated by ERβ-

Y2H system. Independent sample T-test was analyzed at p < 0.05, n=3. 
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Table 5.15 The relative estrogenic activity of water extracts of 10 plant species under 

the digested and undigested conditions evaluated by ERb-Y2H system.  

Water plant extracts 
Relative estrogenic activity (%) 

Undigested condition Digested condition 

Angelica dahurica 1.55±0.06 0.24±0.01* 

Angelica sinensis 1.35±0.07 0.83±0.01* 

Carthamus tinctorius 1.49±0.04 1.23±0.03* 

Curcuma xanthorrhiza 1.44±0.08 1.40±0.00 

Dendrolobium lanceolatum 6.98±0.30 43.52±1.01* 

Glycyrrhiza glabra 1.66±0.08 0.44±0.05* 

Glycyrrhiza uralensis 3.19±0.11 1.37±0.05* 

Morinda coreia 21.09±1.27 1.73±0.09* 

Pueraria mirifica 0.49±0.09 0.63±0.00 

Zingiber officinale 1.83±0.14 0.25±0.00* 

E2 100.00 93.46±1.78* 

Remark: Comparison between undigested and digested samples, * p < 0.05, n=3. 

 

5.6.3 Comparison of estrogenic activities of the digested water extracts 

evaluated by ERa-Y2H and ERβ-Y2H systems 

The estrogenic activities of the digested water extracts derived from 10 plant 

species that were evaluated by ERa-Y2H and ERβ-Y2H systems were compared in 

Table 5.16. The results revealed that water extracts of these plants after in vitro 

digestion mostly exhibited the increases of estrogenic activity via ERa, whereas 

possessed the reduction of estrogenic activity via ERβ. Based on the function via ERa, 
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seven out of ten plant extracts under an in vitro digestion exhibited the increases in 

estrogenic activity, including the extracts derived from Angelica dahurica, 

Angelica sinensis, Dendrolobium lanceolatum, Carthamus tinctorius, Morinda coreia, 

Glycyrrhiza uralensis, and Pueraria mirifica exhibited escalated estrogenic activity. 

Their estrogenic activities increased 6.2, 5.0, 4.4, 4.8, 3.6, 4.1, and 2.4 folds, 

respectively. Based on the action via ERβ, only digested extract of Dendrolobium 

lanceolatum exhibited the rise of estrogenic activity with a 6.2-fold increase. The rest 

of the extracts exhibited a reduction of estrogenic activity. 

For Dendrolobium lanceolatum, this work was the first report of the 

estrogenic activity of its in vitro digested extract, which exhibited increased estrogenic 

activity via both ERα and ERβ. Based on the literature search, the water extract of this 

plant has not yet been reported, nor its estrogenic activity via ERa and ERβ. 

For Angelica dahurica, its digested extract exhibited increased estrogenic 

activity only via ERα but not ERβ. The major bioactive compounds of a water extract 

of Angelica dahurica was kaempferol (Pervin et al., 2014). These compounds were 

metabolized into kaempferol derivatives by gut microbiota (Vollmer et al., 2018). Guo 

and colleagues (Guo et al., 2012) reported that kaempferol derivatives induced ERα 

phosphorylation assay in cultured rat osteoblasts, suggesting its action via ERα 

activation. 

For Angelica sinensis, its digested extract exhibited increased estrogenic 

activity only via ERα but not ERβ. The major bioactive compound of Angelica sinensis 

water extract was ferulic acid (Wu et al., 2020). Ferulic acid could be absorbed in the 

intestine without digested by intestinal enzyme, according to studies carried out in situ 

in the rat stomach (Paiva et al., 2013). Hao and colleagues (Hao et al., 2010) reported 
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that ferulic acid increased the level of ERα protein expression in T47D cells. However, 

it exhibited no estrogenic activity via interaction with ERβ in MDA-MB-231 cells. 

For Carthamus tinctorius, its digested extract exhibited increased estrogenic 

activity only via ERα but not ERβ. The major bioactive compound of Carthamus 

tinctorius water extract was phenylethanoid glycoside (Delshad et al., 2018). Via 

digestion, the phenylethanoid glycoside was metabolized into caffeic acid and 

hydroxytyrosol by intestinal bacteria (Xiaoming Wang et al., 2019).  Liu and colleagues 

(Lili Liu et al., 2021) reported that caffeic acid exhibited estrogenic activity in ERα-

positive MG-63 cells. However, caffeic acid did not function via ERβ since it exhibited 

no proliferation effect in ERβ-positive MDA-MB-231 cells (Hernandes et al., 2020). 

Moreover, Garcia-Martinez and colleagues (Garcia et al., 2016) reported that 

hydroxytyrosol could increase cell proliferation of ERα-positive MG-63 cells. 

However, hydroxytyrosol exhibited no estrogenic activity in ERβ-positive Du145 cells 

(Zubair et al., 2017).      

For Morinda coreia, its digested extract exhibited increased estrogenic 

activity only via ERα but not ERβ. The major bioactive compound of Morinda coreia 

water extract was iridoid glycoside (Kanchanapoom et al., 2002). Via a digestion, the 

iridoid glycoside of Rehmannia glutinosa extract was metabolized into catalpol (Tao et 

al., 2016). Chen and colleagues (Qi Chen et al., 2021) reported that catalpol could 

increase ERα expression in J774A.1 mouse macrophage cells. However, catalpol did 

not exhibit estrogenic activity in ERβ-positive Du145 cells (Hwang et al., 2012).    

For Glycyrrhiza uralensis, its digested extract exhibited increased estrogenic 

activity only via ERα but not ERβ. Kim and colleagues (K. U. Kim et al., 2020) reported 

that Glycyrrhiza uralensis water extract after fermenting with Monascus albidulus 
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resulted in bioconverting glycosides into their corresponding aglycones. Its fermented 

extracts exhibited increased estrogenic activities of 7.3 and 1.52 folds as determined by 

ERα- and ERβ-yeast estrogen binding assays, respectively. Later, the study showed that 

a major bioactive compound in the fermented Glycyrrhiza uralensis water extract was 

liquiritigenin. Based on literature search, liquiritigenin exhibited estrogenic activity in 

ERα-positive MCF-7 cells but not in ERβ-positive MDA-MB-231 cells (Lattrich et al., 

2013). This result clarified that digested Glycyrrhiza uralensis water extract did not 

function via ERβ. 

For Pueraria mirifica, its digested extract exhibited increased estrogenic 

activity only via ERα but not ERβ. The major bioactive compound of Pueraria mirifica 

water extracts was daidzin, puerarin and genistin (S. Malaivijitnond et al., 2004). 

Puerarin and genistin were metabolized to equol by human intestinal flora (Jin et al., 

2008). Tsuji and colleagues (Tsuji et al., 2018) reported that equol exhibited estrogenic 

activity in ERα-positive MCF-7 cells (Tsuji et al., 2018). However, equol did not 

exhibit estrogenic activity in ERβ-positive LnCaP, DU145, and PC3 human prostate 

cancer cells (Lu et al., 2016). 

For Curcuma xanthorrhiza, in this work its undigested and digested extracts 

exhibited no significant difference of estrogenic activity. Its estrogenic activity was 

quite low, but its function was ERa-preference. Nevertheless, based on literature 

search, its major compound was curmarin (Panigoro et al., 2013), which its digested 

metabolites, tetrahydrocurcumin and octahydrocurcumin, exhibited no estrogenic 

activity as evaluated by ERa-positive MCF-7 cells (Pandey et al., 2020) and positive 

ERβ-positive MDA-MB-231 (Mock et al., 2015). It was likely that the active 

phytoestrogens in Curcuma xanthorrhiza was not curmarin. 
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For Glycyrrhiza glabra, its estrogenic activities were reduced after digestion 

via both ERa- and ERβ-assays in this work. The major active compound of Glycyrrhiza 

glabra extract is glycyrrhizin belonging to the group of triterpenoid saponin (Varsha 

Sharma et al., 2017). Glycyrrhizin was hydrolyzed by intestinal microflora to 

glycyrrhetinic acid (He et al., 2019), which exhibited no estrogenic activity in ERa-

positive MCF-7 cells (Zhen Zhang et al., 2019) and ERβ-positive MDA-MB-231 (Y. 

Cai et al., 2017) 

For Zingiber officinale, this work showed very low estrogenic activity of this 

plant extract. Also, its digested extract showed significant reduced estrogenic activity 

via ERβ-assay. From literature, the major compound of Zingiber officinale extract was 

zingerone (Ahmad et al., 2015), which stable in a gastrointestinal system and absorbed 

rapidly into the circulatory system (Ling Ling Li et al., 2019). However, zingerone did 

not exhibit estrogenic activity as evaluated by ERa-positive MCF-7 cells (Gan et al., 

2019) and ERβ-positive MDA-MB-231 (Chenxu Wang et al., 2020). Instead, it was 

quite toxic to MDA-MB-231 cells and induced their apoptosis. So its active 

phytoestrogens might not be zingerone.  
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CHAPTER VI 

RESULTS AND DISCUSSION PART III 

Evaluation of estrogenic activity of 8 commercially traditional 

medicines by yeast two hybrid system 

 

In this chapter, the estrogenic activity of 8 commercially traditional medicines 

were evaluated by ERα-Y2H and ERb-Y2H systems to understand their actions via 

both estrogen receptor types. Also, their estrogenic activities after in vitro simulated 

digestion were investigated. 

 

6.1 Preparation of 8 Commercially Traditional Medicines Extracts 

Eight commercially traditional medicines were selected in this study according to 

their applications to treat symptoms relating to menstruation disorder and female 

reproductive system. These medicines were referred to as S1, S2, S3, S4, S5, S6, S7, 

and S8 (Table 6.1). They were bought from the locally traditional pharmacies as 

capsules and pills (Figure 6.1). The retrieved powder from each capsule or pill is shown 

in Figure 6.2. The composition of medicinal plants (% mass) of each medicine as 

indicated by its label is shown in Table 6.2. 
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6.1.1 Ethanolic extraction 

Dried powder of these traditional medicines were extracted in 70% ethanol 

for 1 day before evaporating by rotary evaporator. The yield, maximal solubility in 

DMSO, pH, and color of the crude-ethanolic extracts are shown in Table 6.3. Their 

yields were in a range of 5.2-26.5 g per 100 g powder. The dried extracts were 

solubilized in DMSO with the maximal solubility at 0.1 g/mL. The extracts were yellow 

or brown colors. Their pH after solubilizing in YPD culture medium was 6.5. The 

recommended dosed based on the manufactures and the obtained ethanolic-extracts 

were listed in Table 6.4. 

 

Table 6.1 Commercially traditional medicines used in this study. 

 

 

Commercial 

name 

Referred to as Indication uses 

1 Chomjai S1 Induction of lochia, uterus involution, 

menstrual regularity, and blood production. 

2 Chomtong S2 Relief of dysmenorrhea, menstrual 

disorder, and hematinic tonic. 

3 Kwaokrua S3 Increased blood production. 

4 Ledina S4 Relief of menstrual disorder and increase 

of blood production. 

5 Lengkhun S5 Relief of menstrual disorder and increase 

of blood production. 
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Table 6.1 Commercially traditional medicines used in this study (Continued). 

 

 

 

Figure 6.1 The commercially traditional medicines (S1-S8) were used in this study. 

Commercial 

name 

Referred to as Indication uses 

6 Meree S6 Induction of lochia, uterus involution, 

menstrual regularity, and blood production. 

7 Penpark S7 Increased blood production and circulation, 

and stimulation of regular menstruation. 

8 Tankwe S8 Relief of menstrual disorder and increase 

of blood production. 
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Figure 6.2 Dried powder of eight traditional medicines (S1-S8) as retrieved from their 

capsules and pill.
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Table 6.2 The composition of medicinal plants in (% mass) as indicated on the 

medicines' labels. 
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Table 6.2 The composition of medicinal plants in (% mass) as indicated on the 

medicines' labels (continue). 
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Table 6.3 Properties of crude-ethanolic extracts of 8 commercially traditional 

medicines. 

 

Table 6.4 The recommended doses and the equivalences to crude ethanolic extracts of 

the commercial traditional medicines. 

Traditional 

medicine 

Recommended dose/Day Equivalent to crude 

extract/Day  

(g) 

S1 6 capsules 0.47 

S2 6 capsules 0.34 

S3 1 capsule 0.08 

S4 2 capsules 0.10 

S5 6 capsules 0.16 

S6 12 capsules 0.51 

S7 4 capsules 0.32 

S8 30 pills 2.60 

 

 

  

Traditional 

medicines  

Yield 

(g / 100 g dried powder) 

Maximal solubility 

(g/mL) 

Soluble  

pH 

Color 

1 S1 17.6 0.1 6.5 Brown 

2 S2 10.4 0.1 6.5 Yellow 

3 S3 15.0 0.1 6.5 Yellow 

4 S4 12.7 0.1 6.5 Brown 

5 S5 5.2 0.1 6.5 Brown 

6 S6 8.6 0.1 6.5 Yellow 

7 S7 19.0 0.1 6.5 Brown 

8 S8 26.5 0.1 6.5 Yellow 
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6.1.2 Water extraction 

Dried powder of these traditional medicines were also extracted in water at 

95 °C for 1 h before freeze-drying. The yield, maximal solubility in DMSO, pH, and 

color of the crude-water extracts are shown in Table 6.5. Their yields were in a range 

of 4.49-75.30 g per 100 g powder. The dried extracts were solubilized in DMSO with 

the maximal solubility at 0.1 g/mL. The extracts were yellow or brown colors. Their 

pH after solubilizing in YPD culture medium was 6.5. The recommended doses of each 

traditional medicine were listed and the obtained extract from each dose was given is 

listed in Table 6.6. 

 

Table 6.5 Properties of crude water-extracts of 8 commercially traditional medicines. 

Traditional 

medicines  

Yield 

(g / 100 g dried powder) 

Maximal 

solubility (g/mL) 

Soluble  

pH 

Color 

S1 4.49 0.10 6.50 Yellow 

S2 3.81 0.10 6.50 Brown 

S3 35.03 0.10 6.50 Brown 

S4 11.41 0.10 6.50 Yellow 

S5 20.24 0.10 6.50 Brown 

S6 19.51 0.10 6.50 Brown 

S7 75.30 0.10 6.50 Yellow 

S8 27.93 0.10 6.50 Brown 
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Table 6.6 The recommended doses and the obtained water-extracts of the commercially 

traditional medicines. 

Traditional 

medicine 

Recommended dose/Day Crude extract/Day  

(g) 

S1 6 capsules 0.12 

S2 6 capsules 0.13 

S3 1 capsule 0.18 

S4 2 capsules 0.09 

S5 6 capsules 0.61 

S6 12 capsules 1.15 

S7 4 capsules 1.28 

S8 30 pills 2.74 

 

6.2 Estrogenic Activities of Crude-Ethanolic Extracts 

6.2.1 Evaluation by ERα-Y2H system 

In this part, the estrogenic activities of crude ethanolic-extracts (10-7-10-3 

g/mL) were evaluated by ERα-Y2H system with the reference to the estrogenic activity 

of standard E2 (2.7×10-11-2.7×10-4 g/mL). The results were showed eight traditional 

medicine extracts exhibited the estrogenic activity in a dose-dependent response via the 

interaction of ERα (Figure 6.3). The extracts of S4 exhibited the highest estrogenic 

activity, followed by the extracts of S3, S8, S1, S5, S6, S7, and S2, respectively. 

The REC10 (10% relative effective concentration) and E2-REP10 (10% 

relative potency) were determined to compare the estrogenic activity of the traditional 
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medicine extracts with the standard E2. Although all eight extracts exhibited the 

estrogenic activity via ERa-Y2H analysis in Figure 6.3, only seven extracts could 

calculated for REC10 and E2-REP10 (Table 6.7). So only seven extracts were confirmed 

to exhibit estrogenic activity based on REC10 and E2-REP10 evaluations. Among these 

extracts, the extract of S3 exhibited the highest activity, followed by S8, S4, S6, S1, S5, 

and S7. Their estrogenic activities were compared with the standard E2, which their 

E2-REP10 values were 0.4496, 0.0135, 0.0073, 0.0031, 0.0026,0.0012, and 0.0003%, 

respectively.  
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Figure 6.3 The estrogenic activities of ethanolic-extracts derived from 8 commercially 

traditional medicine extracts (A) and standard E2 (B) as evaluated by the 

ERα-Y2H system. 
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Table 6.7 Estrogenic activities of crude ethanolic-extracts derived from 8 commercially 

traditional medicines evaluated by ERα-Y2H system. 

Commercial traditional medicines ERα-Y2H system 

REC10 (g/mL) E2-REP10 (%) 

S1 3.36×10-5 0.00260 

S2 N N 

S3 1.96×10-7 0.44960 

S4 1.21×10-5 0.00730 

S5 7.34×10-5 0.00120 

S6 2.83×10-5 0.00310 

S7 2.97×10-4 0.00030 

S8 6.55×10-6 0.01350 

E2 8.82×10-10 100.00 

      

6.2.2 Evaluation by ERβ-Y2H system 

The estrogenic activity of eight crude-ethanolic extracts were also 

determined by ERβ-Y2H system as compared with the standard E2. The results showed 

that seven out of eight traditional medicine extracts exhibited the estrogenic activity in 

a dose-dependent response via the interaction of ERβ (Figure 6.4). The extract of S5 

exhibited the highest estrogenic activity, followed by the extracts of S4, S1, S3, S2, S7 

and S8.  

Via ERβ-Y2H system, the REC10 and E2-REP10 were determined to compare 

the estrogenic activity of the crude-ethanolic extracts with the standard E2. Based on 

the REC10 values, four out of eight traditional medicine extracts were positive for 
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estrogenic activity (Table 6.8). The extract of S5 exhibited highest estrogenic activity, 

followed by S4, S1, and S3. Their estrogenic activities were compared standard E2, 

presenting via E2-REP10 values of 0.00166, 0.00020, 0.00004, and 0.00004%, 

respectively, 

 

Figure 6.4 The estrogenic activities of ethanolic-extracts derived from 8 commercially 

traditional medicine extracts (A) and standard E2 (B) as evaluated by the 

ERβ-Y2H system. 
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Table 6.8 Estrogenic activities of crude-ethanolic extracts derived from 8 commercially 

traditional medicines evaluated by ERβ-Y2H system. 

Commercial traditional medicines ERβ-Y2H system 

REC10 (g/mL) E2-REP10 (%) 

S1 7.31×10-4 0.00004 

S2 N N 

S3 7.67×10-4 0.00004 

S4 1.39×10-4 0.00020 

S5 1.69×10-5 0.00166 

S6 N N 

S7 N N 

S8 N N 

E2 2.82×10-10 100.00 

 

6.2.3 Comparison of estrogenic activity via ERα and ERβ actions of the 

ethanolic extracts derived from commercially traditional medicines 

The estrogenic activities of eight ethanolic extracts derived from 

commercially traditional medicines were compared via the evaluations of their actions 

through ERα and ERβ: S1, S2, S3, S4, S5, S6, S7, and S8 (Table 6.9). Among eight 

extracts, seven extracts exhibited estrogenic activity via both receptors. Only one 

extract derived from S2 exhibited no estrogenic activity via both receptor interactions. 

Among seven extracts exhibiting estrogenic activity, four extracts exhibited the activity 

via the actions of both receptors; S1, S3, S4, and S5. The rest of three extracts exhibited 

estrogenic activity via only ERα interaction: S6, S7, and S8. In an overall picture, the 
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ethanolic extracts of these commercially traditional medicines preferentially functioned 

via the interaction with ERα, except S5 that exhibited the greater estrogenic activity via 

ERβ.  

In general, the action of E2 via ERα involves in regulation of the female 

reproductive system, preservation of skeletal homeostasis, and regulation of 

metabolism (Paterni et al., 2014). ERα was controlled normal menstrual and estrous 

cycle acts through the homeostasis of various sex hormones (Gouw et al., 2017). ERα 

increases during the endometrium proliferative phase in response to estrogen for a 

menstrual cycle (Dorostghoal et al., 2018). According to the manufacturers, S1-S8 

traditional medicines involve the treatment of irregular menstrual cycles and ovary 

ovulation. As this work reported for the actions of seven out of eight traditional 

medicines mainly functioned via ERα, these results suggest their possible medicinal 

functions possibly relating to the interaction of their phytoestrogens to ERα.  

 Both ER subtypes have some common physiological roles in the development 

and function of the ovaries, and in the protection of the cardiovascular system. The 

alpha subtype has significant roles on the mammary gland and uterus, the preservation 

of skeletal homeostasis, and the regulation of metabolism. The beta subtype has major 

effects on the central nervous and immune systems. Also, ERb generally counteracts 

the ERα-promoted cell hyperproliferation in tissues such as the breast and uterus, thus 

it was reported to reduce a risk of breast cancer in postmenopausal women. Although 

both estrogen receptors have significant roles in the development and function of the 

ovaries, their expressions were dominant in different cells. During the child to 

menopausal stages of women, ERα dominantly localizes in thecal cells and the ovarian 

stroma in the corpus luteum and surface epithelium of the ovary. In postmenopausal 

 



128 

women, ERα is in the stroma, the epithelial inclusion cyst, and the ovarian surface 

epithelium. The main locations of ERβ are granulosa cells (Lecce et al., 2001). 

According to the manufacturers, S1-S8 traditional medicines involve the treatment of 

irregular menstrual cycles and ovary ovulation. In this work, four out of eight traditional 

medicines could interact with ERb, thus their medicinal functions possibly related to 

the functions of phytoestrogen to stimulate the functions of the ovaries via ERb.  

 

Table 6.9 Comparison of estrogenic activity of ethanolic-extracts derived from 

traditional medicines evaluated by ERα-Y2H and ERβ-Y2H systems. 

Commercially traditional 

medicines 

ERα-Y2H system ERβ-Y2H system 

REC10 

(g/mL) 

E2-REP10 

(%) 

REC10 

(g/mL) 

E2-REP10 

(%) 

S1 3.36×10-5 0.00260 7.31×10-4 0.00004 

S2 N N N N 

S3 1.96×10-7 0.44960 7.67×10-4 0.00004 

S4 1.21×10-5 0.00730 1.39×10-4 0.00020 

S5 7.34×10-5 0.00120 1.69×10-5 0.00166 

S6 2.83×10-5 0.00310 N N 

S7 2.97×10-4 0.00030 N N 

S8 6.55×10-6 0.01350 N N 

E2 8.82×10-10 100.00 2.82×10-10 100.00 

 

This work was the first report of estrogenic activities of these commercially 

traditional medicines and their possible interactions with ERα and ERβ. Among all 

samples, S3 exhibited the most potent estrogenic activity, which was 0.45% as 

compared with the standard E2. The discussion about the estrogenic activities of all 

tested samples were following. 
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In this study, S1 exhibited the estrogenic activity via both receptors, but 

highly via ERα. In S1, its reported components are from 18 plant species. Among 

which, five species were previously reported to exhibit estrogenic activity via ERα, 

including Angelica sinensis (C. Z. Zhang et al., 2005), Carthamus tinctorius (in this 

work), Curcuma xanthorrhiza (in this work), Panax ginseng (Shim and Lee, 2012), and 

Panax pseudoginseng (Becker et al., 2015). Among five species, the extract from Panax 

ginseng also exhibited estrogenic activity via ERβ (Shim and Lee, 2012), where the 

other four species have not yet reported their estrogenic activity via ERβ. These five 

plants accounted for 17.80% mass of the S1 traditional medicines. However, the rest of 

the nine plant species listed as the ingredients in S1 were reported with no estrogenic 

activity.   

In S2, its components are from 14 plant species. Among which, 7 species 

were previously reported to exhibit estrogenic activity, including Angelica dahurica (in 

this work), Angelica sinensis (C. Z. Zhang et al., 2005), Carthamus tinctorius (in this 

work), Curcuma xanthorrhiza (in this work), and Glycyrrhiza uralensis 

(Hajirahimkhan et al., 2018). These seven plants accounted for 13.60% mass of the S2 

traditional medicines. In this study, S2 exhibited no estrogenic activity via both 

receptors. So it was hypothesized that other ingredients such as Salvia miltiorrhiza 

(Sung et al., 2015) and Zingiber cassumunar (Saovapak Poomirat et al., 2020b) might 

suppress estrogenic activity via both ERα and ERβ as both plant extracts were reported 

to exhibit anti-estrogenic activity. 

In S3, its reported components are from 3 plant species, which were 

previously reported to exhibit estrogenic activity; Angelica sinensis (C. Z. Zhang et al., 

2005), Panax ginseng (Shim and Lee, 2012), and Pueraria mirifica (Boonchird et al., 

 



130 

2010). These three plants accounted for 64.00% mass of the S3 traditional medicines. 

In this study, S3 exhibited estrogenic activity via both receptors, but more preferred via 

ERα. Among these plant species, Panax ginseng (Shim and Lee, 2012) and Pueraria 

mirifica (Boonchird et al., 2010) were reported to exhibit estrogenic activities via both 

ERs.  

In S4, its reported components are from 7 plant species. Three out of seven 

plant species were previously reported to exhibit estrogenic activity, Angelica sinensis 

(C. Z. Zhang et al., 2005), Carthamus tinctorius (in this work), and Curcuma 

xanthorrhiza (in this work). These three plants accounted for 42.00% mass of the S4 

traditional medicines.  As S4 exhibited estrogenic activity, it was likely due to 

phytoestrogens in these three plant species. For the rest of the four plant species, two 

species (Caesalpinia sappan and Piper nigrum) were reported to have no estrogenic 

activity (Saovapak Poomirat et al., 2020b; Raj et al., 2014). The other two species have 

not yet been reported for their estrogenic activity; Leonurus sibiricus and Senna 

garrettiana.  

In S5, its reported components are from 15 plant species. Among which, five 

species were previously reported to exhibit estrogenic activity, including 

Angelica sinensis (C. Z. Zhang et al., 2005), Curcuma xanthorrhiza (Chapter 5), 

Glycyrrhiza grabra (Hajirahimkhan et al., 2018), Panax ginseng (Shim and Lee, 2012), 

and Pueraria mirifica (Boonchird et al., 2010). These five plants accounted for 37.50% 

mass of the S5 traditional medicines. In this study, S5 exhibited estrogenic activity via 

both receptors, but more preferred via ERβ. Among these plant species, Glycyrrhiza 

grabra (Shim and Lee, 2012),  Panax ginseng (Shim and Lee, 2012), and Pueraria 

mirifica (Boonchird et al., 2010) exhibited estrogenic activities via both ERs. From the 
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ingredients of 15 plant species, seven plant species were reported with no estrogenic 

activity, whereas the other three species have not yet reported for estrogenic activity.  

In S6, its reported components are from 5 plant species, among which three 

species were previously reported to exhibit estrogenic activity, including  

Angelica sinensis (C. Z. Zhang et al., 2005), Curcuma xanthorrhiza (Chapter 5), and 

Panax ginseng (Shim and Lee, 2012). These three plants accounted for 48.33% mass 

of the S6 traditional medicines. Therefore, the estrogenic activity of S6 is likely 

attributed to phytoestrogens of these plant species. Among ingredients derived from 

five plant species, one species (Poria cocos) was reported to exhibit no estrogenic 

activity (Nie et al., 2020), and the other one (Ligusticum sinense) has not been studied 

for its estrogenic activity.  

 In S7, its reported components are from 5 plant species, among which two 

species were previously reported to exhibit estrogenic activity, including  

Angelica sinensis (C. Z. Zhang et al., 2005), and Carthamus tinctorius (in this work). 

These two plants accounted for 6.37% mass of the S7 traditional medicines. For the rest 

of the three plant species, two species (Aquilaria crassna and Caesalpinia sappan) 

exhibited no estrogenic activity (Abbas et al., 2018; Raj et al., 2014), whereas the other 

species (Ligusticum sinense) has not been studied for its estrogenic activity yet. In S8, 

its reported components are from eight plant species, among which only two species 

were previously reported to exhibit estrogenic activity, including Glycyrrhiza uralensis 

(Hajirahimkhan et al., 2018), and Paeonia lactiflora (Jieqiong Wang et al., 2020). 

These two plants accounted for 11.54% mass of the S8 traditional medicines. For the 

other six plant ingredients, four plant species exhibited no estrogenic activity; Aquilaria 

crassna (Abbas et al., 2018), Astragalus membranaceus (Chaudhry et al., 2021), Poria 
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cocos (Nie et al., 2020), and Salvia miltiorrhiza (Sung et al., 2015). The other two plant 

species have not yet been reported for their estrogenic activity; Ligusticum sinense and 

Rehmannia glutinosa.  

 

6.3 Estrogenic Activities of Crude-Water Extracts 

 The water-extracts derived from eight commercially traditional medicines (S1-S8) 

were evaluated their estrogenic activity via their interactions with ERa and ERb. 

6.3.1 Evaluation by ERα-Y2H system 

In this part, the estrogenic activities of water-extracts derived from 8 

commercially traditional medicines (10-10-10-3 g/mL) were determined by ERα-Y2H 

system with the comparison with the standard E2 (2.7×10-11-2.7×10-4 g/mL, equivalent 

to 1×10-13-1×10-7). The results are shown in Figure 6.5, in which four out of eight 

extracts exhibited the estrogenic activity in a dose-dependent response via the 

interaction with ERα; S1, S2, S3, and S8. The water-extract of S3 exhibited the highest 

estrogenic activity, followed by those of S1, S2, and S8, respectively.    

 The REC10 (10% relative effective concentration) and E2-REP10 (10% relative 

potency) were calculated to compare the estrogenic activities of water-extracts derived 

from commercially traditional medicines with the standard E2. Four out of eight 

commercial traditional medicine extracts were positive, indicated by their REC10 values 

(Table 6.10). These were S1, S2, S3, and S8, which had the REC10 values of         

2.51×10–5, 2.67×10-4, 4.01×10-7, and 5.17×10-4 g/ML respectively. Compared with the 

standard E2, the water-extract of S3 exhibited the highest estrogenic activity among 

these medicinal extracts with the E2-REP10 of 0.10423%. The E2-REP10 values of S1, 
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S2, and S8 extracts were 0.00166, 0.00016, and 0.00008%, respectively. The estrogenic 

activity was not detected in the water-extracts of S4, S5, S6, and S7.  

 In this work, water-extract of S3 exhibited the highest estrogenic activity via 

the interaction with ERa. The S3 contains Angelica sinensis 22%, Panax ginseng 22%, 

and Pueraria mirifica 20% as the major ingredients. The earlier experiment (Chapter 

5) showed that the water-extract of Angelica sinensis exhibited no estrogenic activity 

via ERα.  A similar negative result was reported by Zhang and colleagues (Wendy L. 

Zhang et al., 2013). For Panax ginseng, Tian and colleagues (Tian et al., 2020) reported 

its water-extract exhibited estrogenic activity via an MCF-7 cell proliferation assay. For 

Pueraria mirifica, its water extract exhibited estrogenic activity via ERa in Chapter 5. 

Similar positive results were reported by Siangcham and colleagues (Siangcham et al., 

2010) that showed its estrogenic activity via the induced vaginal cell cornification and 

increased uterine weight in immature female mice (Mus musculus), which likely 

functioned via ERα (Ting Li et al., 2016). Therefore, the estrogenic activity of S3 was 

likely from the estrogenic activities of Angelica sinensis and Pueraria mirifica, which 

mainly functioned through ERa. 
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Figure 6.5 The estrogenic activities of water-extracts derived from 8 commercially 

traditional (A) and the standard E2 (B) as evaluated by the ERα-Y2H 

system. 
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Table 6.10 Estrogenic activities of water-extracts derived from 8 commercially 

traditional medicines evaluated by ERα-Y2H system. 

Commercial traditional medicines ERα-Y2H system 

REC10 (g/mL) E2-REP10 (%) 

S1 2.51×10-5 0.00166 

S2 2.67×10-4 0.00016 

S3 4.01×10-7 0.10423 

S4 N N 

S5 N N 

S6 N N 

S7 N N 

S8 5.17×10-4 0.00008 

E2 4.18×10-10 100.00 

Noted: N, negative 

 

6.3.2 Evaluation by ERβ-Y2H system 

The estrogenic activities of water-extracts derived from 8 commercially 

traditional medicines were also evaluated by the ERβ-Y2H system. As seen in Figure 

6.6, only S4 extract showed a slight estrogenic activity at the high concentration (10-3 

mg/mL), whereas the rest of the extracts exhibited no estrogenic activity via the 

interaction with ERb. Nevertheless, to confirm this estrogenic activity of S4 extract, 

the REC10 and E2-REP10 analyses were required. When the REC10 and E2-REP10 values 

of these extracts were calculated, the data suggested that all extracts exhibited no 

estrogenic activity via ERβ (Table 6.11).  
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Figure 6.6 The estrogenic activities of water-extracts derived from 8 commercially 

traditional medicine extracts (A) and the standard E2 (B) as evaluated by 

the ERβ-Y2H system. 
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Table 6.11 Estrogenic activity of 8 commercial traditional medicine extracts evaluated 

by ERβ-Y2H system 

Commercial traditional medicines ERβ-Y2H system 

REC10 (g/mL) E2-REP10 (%) 

S1 N N 

S2 N N 

S3 N N 

S4 N N 

S5 N N 

S6 N N 

S7 N N 

S8 N N 

E2 3.16×10-10 100.00 

 

6.3.3 Comparison of estrogenic activities via ERα and ERβ of water-extracts 

This work was the first report of estrogenic activities of these commercially 

traditional medicines and their possible interactions with ERα and ERβ. The estrogenic 

activities of water-extracts derived from eight commercially traditional medicines 

evaluated by ERα-Y2H and ERβ-Y2H systems were compared; S1, S2, S3, S4, S5, S6, 

S7, and S8 (Table 6.12). Among eight extracts, four extracts exhibited estrogenic 

activity via ERα; S1, S2, S3, and S8. Interestingly, all eight extracts exhibit no 

estrogenic activity via ERβ. Among all samples, S3 exhibited the most potent 

estrogenic activity, which was 0.10% as compared with the standard E2 (1´10-7 M). 

The discussion about the estrogenic activities of all tested samples was following, 

which related to only water extracts of these plants. 

 

 



138 

Table 6.12 The estrogenic activities of water-extracts derived from 8 commercially 

traditional medicines through the interactions with ERα and ERβ. 

Commercial traditional 

medicines 

ERα-Y2H system ERβ-Y2H system 

REC10 

(g/mL) 

E2-REP10 

(%) 

REC10 

(g/mL) 

E2-REP10 

(%) 

S1 2.51×10-5 0.00166 N N 

S2 2.67×10-4 0.00016 N N 

S3 4.01×10-7 0.10423 N N 

S4 N N N N 

S5 N N N N 

S6 N N N N 

S7 N N N N 

S8 5.17×10-4 0.00008 N N 

E2 4.18×10-10 100.00 3.16×10-10 100.00 

 

The S1 medicine is composed of 18 plant species, among which the water 

extracts only from 2 species were previously reported to exhibit estrogenic activity via 

ERα; Curcuma xanthorrhiza (in this work) and Panax ginseng (Ying Xu et al., 2016). 

These three plants accounted for 8.90% mass of the S1 traditional medicines. The 

estrogenic activity of S1 was likely due to phytoestrogens from these two plant species. 

From 18 plant species, ten plant species listed as the ingredients in S1 were reported 

with no estrogenic activity; Angelica dahurica (Tuy-On et al., 2020), Caesalpinia 

sappan (Bukke et al., 2018), Capsicum frutescens (Keser et al., 2018), Citrus hystrix 

(Sakpakdeejaroen and Itharat, 2009), Carthamus tinctorius (in this work), Piper 

interruptum (Sakpakdeejaroen and Itharat, 2009), Piper nigrum (Saovapak Poomirat et 

al., 2020b), Plumbago indica (Sakpakdeejaroen and Itharat, 2009), Zingiber 

cassumunar (Sakpakdeejaroen and Itharat, 2009) and Zingiber officinale 
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(Sakpakdeejaroen and Itharat, 2009). The rest of the six plant species have not yet been 

reported for their estrogenic activity; Leersia hexandra, Molineria latifolia, 

Neopicrorhiza scrophulariiflora, Panax pseudoginseng, Scoparia dulcis, and Zingiber 

nigrum. 

 In S2, its reported components are from 14 plant species, among which the 

water extracts of three plant species were reported to exhibit estrogenic activity, 

including Curcuma xanthorrhiza (in this work), Glycyrrhiza uralensis (C. Hu et al., 

2009), and Panax ginseng (Ying Xu et al., 2016). These three plants accounted for 

7.45% mass of the S2 traditional medicine, which probably contributed to the 

estrogenic activity of this medicine. For the other eleven plant ingredients, five plant 

species exhibited no estrogenic activity; Angelica dahurica (TuyOn et al., 2020), 

Angelica sinensis (Wendy L. Zhang et al., 2013), Carthamus tinctorius (Z Luo et al., 

2015), Mimusops elengi (Vonna et al., 2014), and Zingiber cassumunar (Saovapak 

Poomirat et al., 2020b). The other six plant species have not yet been reported for their 

estrogenic activity; Leonurus sibiricus, Ligusticum sinense, Molineria latifolia, Salvia 

miltiorrhiza, Scoparia dulcis, and Zingiber nigrum. 

In S3, their reported components are from 3 plant species, among which the 

water extract of Panax ginseng was previously reported to exhibit estrogenic activity 

(Ying Xu et al., 2016). This plant accounted for 22.00% mass of the S3 traditional 

medicine, which mainly contributed to the estrogenic activity of the medicine. For the 

other two plant species, Pueraria mirifica has not yet reported for the estrogenic activity 

of its water-extract and Angelica sinensis (Wendy L. Zhang et al., 2013) was reported 

with no estrogenic activity.  
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In S4, its reported components are from 7 plant species, among which only 

water extract of Curcuma xanthorrhiza (in this work) exhibited estrogenic activity. The 

content of Curcuma xanthorrhiza was 14.00% of the total mass of S4. It was 

hypothesized that the negative estrogenic activity of S4 might due to the very low 

estrogenic activity of the water extract Curcuma xanthorrhiza and the interference from 

the rest ingredients from six plant species. For the other six plant species, the water 

extracts of four plant species exhibited no estrogenic activity; Angelica sinensis 

(Wendy L. Zhang et al., 2013), Caesalpinia sappan (Bukke et al., 2018), Carthamus 

tinctorius ((in this work), and Piper nigrum (Saovapak Poomirat et al., 2020b). The 

other two plant species have not yet been reported for their activity from the water 

extracts; Leonurus sibiricus and Senna garrettiana. 

In S5, its reported components are from 15 plant species, among which the 

water extracts of Curcuma xanthorrhiza (in this work) and Panax ginseng (Ying Xu et 

al., 2016) were reported to exhibit estrogenic activities. Although the contents of 

Curcuma xanthorrhiza and Panax ginseng were 25.00% mass of the total of S5, no 

estrogenic activity of S5 was detected. It was hypothesized that the rest of the plant 

ingredients (derived from 13 plant species) might inhibit the estrogenic activity of these 

two active ingredients. For other thirteen plant species, the water extracts of five plant 

species exhibited no estrogenic activity; Angelica sinensis (Zhang et al., 

2013), Astragalus membranaceus (Zhang et al., 2013),  Cyperus rotundus (Memariani 

et al., 2016),  Glycyrrhiza grabra (Yong-Jiao Zhang et al., 2018), and Poria cocos (K. 

Hu et al., 2019). The other eight plant species have not yet been reported for their 

activity from the water extracts; Corydalis yanhusuo, Leonurus sibiricus, Ligusticum 
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sinense, Paeonia lactiflora, Pueraria mirifica, Rehmannia glutinosa, Salvia 

miltiorrhiza, and Saussurea lappa. 

In S6, its reported components are from 5 plant species, among which the 

water extracts of Curcuma xanthorrhiza (in this work) and Panax ginseng (Ying Xu et 

al., 2016) were previously reported to exhibit estrogenic activity. Although the contents 

of Curcuma xanthorrhiza and Panax ginseng were 23.33% mass of the total of S6, there 

was not detected estrogenic activity of S6 in this work. It might be possible that the 

other ingredients derived from the other three plant species might suppress the 

estrogenic activity of these two active plant species. For the rest of the three plant 

species, the water extracts of  2 plant species exhibited no estrogenic activity; 

Angelica sinensis (Wendy L. Zhang et al., 2013) and Poria cocos (K. Hu et al., 2019). 

The other, Ligusticum sinense, has not yet been reported for the estrogenic activity of 

its water extract. 

In S7, its reported components are from five plant species, among which the 

water extracts of Angelica sinensis (Wendy L. Zhang et al., 2013), Aquilaria crassna 

(Dahham et al., 2016), Caesalpinia sappan (Bukke et al., 2018), and Carthamus 

tinctorius (Z Luo et al., 2015) were reported no estrogenic activity. The other, 

Ligusticum sinense, has not yet been studied for the estrogenic activity of its water 

extract. Therefore, no detected estrogenic activity of S7 was probably due to the 

negative estrogenic activity of these five major ingredients in S7.  

In S8, its reported components are from 8 plant species, among which the 

water extract of only one plant species was previously reported to exhibit estrogenic 

activity; Glycyrrhiza uralensis (C. Hu et al., 2009). This plant species accounted for 

4.20% mass of S8 traditional medicine, which likely contributed to the estrogenic 
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activity of this medicine. For the other seven plant ingredients, the water extracts of 

three plant species exhibited no estrogenic activity; Aquilaria crassna (Dahham et al., 

2016), Astragalus membranaceus (Leong et al., 2016), and Poria cocos (K. Hu et al., 

2019). The water extracts of the other four plant species have not yet been reported for 

their estrogenic activity; Ligusticum sinense, Paeonia lactiflora, Rehmannia glutinosa, 

and Salvia miltiorrhiza.  

 

6.4 Comparison of Estrogenic Activity of Ethanolic- and Water-

extracts of Eight Commercial Traditional Medicines via the 

Action of ERα and ERβ 

The estrogenic activity of the ethanolic and water extracts derived from 8 

commercial traditional medicine was compared in Table 6.13, which showed both 

REC10 and E2-REP10 values. As E2-REP10 values were calculated by normalizing the 

data with the standard E2, they were more suitable to use for the comparison of 

estrogenic activity between the ethanolic and water extracts derived from each plant 

species as compared with the standard E2.  

Based on E2-REP10, the ethanol extraction method was more efficient to extract 

phytoestrogenic compounds than the water extraction method since the estrogenic 

activities of these traditional medicines were mostly detected in the ethanolic extracts. 

As these traditional medicines were orally uptake, it raised the question of whether 

these active compounds can well dissolve in water in the digestive system of the body 

and whether the digestive fluid in the digestive system facilitates the release of these 

active compounds in the body. Therefore, these questions lead to the experiments in the 
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next part to investigate the estrogenic activity of these traditional medicines via in vitro 

digestion. 

Nevertheless, as compared between the ethanolic and water extracts of these eight 

traditional medicines, most active compounds were extracted by ethanol but very few 

were extracted by water. Also, these ethanolic extracts of most traditional medicines, 

except only S2, exhibited estrogenic activity via the interaction with ERa. Among 

them, S3 exhibited the highest estrogenic activity of 0.45% as compared with the 

standard E2. In general, the action of E2 via ERa involves in regulation of the female 

reproductive system (especially ovaries), preservation of skeletal homeostasis, and 

regulation of metabolism (Paterni et al., 2014). As these traditional medicines were 

used for regulating normal menstrual cycles, the detection of their estrogenic activity 

via ERa gave the support evidence for their possible action to stimulate the action of 

phytoestrogens via ERa to regulate the ovary functions. Based on the literature review, 

there was a report of some phytoestrogenic extracts exhibiting the function to regulate 

ovary functions. For example, phytoestrogenic extract of Cyclea barbata exhibited E2-

agonist functions via selective binding to ERα to induce the maturation effect of oocytes 

to secondary follicles (Noviyanti et al., 2020). Also, phytoestrogens that exhibited 

estrogenic activity via the binding to ERα were important for female fertility and 

postpartum uterine involution (W. Winuthayanon et al., 2014). It was noted that 

postpartum uterine involution is a regenerative process for the uterus to return to non-

pregnant size (Zi. Huan Zheng et al., 2019). Lee and colleagues (K. H. Lee et al., 2013) 

reported that Sheng Hua Tang Chinese traditional medicine improved uterine 

involution in postpartum cows. Also, taking Sheng Hua Tang in the first month of the 

postpartum period and followed by Si Wu Tang could speed the recovery rate of the 
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mother after baby delivery (Chang et al., 2013). Chiu and colleagues (Chiu et al., 2014) 

reported that Si Wu Tang extracts exhibited estrogenic activity via ERα. These 

researches suggested that phytoestrogens with preferential binding to ERα had potential 

applications in postpartum care. Another Chinese traditional medicine, Qingyan extract 

functioned via both ERα and ERβ could promote vaginal cornification, prolong the 

estrus status of the immature mice, promote the growth and development of uterus and 

vagina, and upregulate the ERα and ERβ expression at a protein level in the uterus and 

vagina (Zhao et al., 2019).  

It was also noted that the estrogenic activities of S1, S3, S4, and S5 traditional 

medicines via ERb were also contributed to the applications for menopausal syndrome. 

Some Japanese herbal medicines, Unkeito, Kamishoyosan, and Nyoshinsan are widely 

used as alternative estrogen therapy for a menopausal syndrome, which exerts 

estrogenic actions based on the interaction with ERβ (Zeyun Wang et al., 2018).   

 

 

 

 



145 

 

Table 6.13 Comparison of estrogenic activity of ethanolic and water extracts of 8 

commercial traditional medicines via actions of ERα and Erβ. 
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6.5 Estrogenic activities of In Vitro Simulated Digestion of Ethanolic 

Extracts of 8 Commercial Traditional Medicines 

6.5.1 Estrogenic activity of the digested extracts evaluation by ERα-Y2H 

system 

In this part, a simulated digestion method was used to mimic the 

gastrointestinal tract digestion. The estrogenic activities of in vitro digested extracts 

derived from ethanolic extracts of traditional medicines (10-4 g/mL) and the standard 

E2 (2.7×10-4 g/mL or 10-7 M) were determined by ERa-Y2H system as seen in Figure 

6.7 and Table 6.14. For the standard E2, the digested E2 exhibited the decreased 

estrogenic activity to 96.85±0.25%. However, all digested extracts of traditional 

medicines (S1-S8) exhibited the increased estrogenic activity. Among all digested 

extracts, the digested S5 extract exhibited the highest increase of estrogenic activity, 

which was 2.79 folds increase as compared with its undigested extract. The increased 

estrogenic activity found in the digested ethanolic extracts of traditional medicines was 

hypothesized to involve the structural changes of plant ingredient compounds from 

inactive into active forms by enzymatic digestion, such as a change of glycosides to 

active aglycones (Basu et al., 2016). As a result, the digested compounds could exhibit 

estrogenic activity higher than the undigested ones. 
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Figure 6.7 Relative estrogenic activities of undigested and digested ethanolic extracts 

of S1-S8 (1 ´ 10-4 g/mL) and the standard E2 (1 ´ 10-7 g/mL) determined 

by ERα-Y2H system. Independent sample T-test, p < 0.05, n=3. 

 

Table 6.14 Relative estrogenic activities of digested and undigested ethanolic extracts 

of S1-S8 evaluated by ERα-Y2H system. 

Commercial 

medicines  

Relative estrogenic activity (%) 

Undigested   Digested Fold increase# 

S1 18.03±0.42 21.18±0.62* 1.17 

S2 4.21±0.33 6.13±0.61* 1.46 

S3 25.24±0.25 33.91±0.47* 1.34 

S4 27.57±0.48 29.60±0.77* 1.07 

S5 11.36±0.61 31.68±0.54* 2.79 

S6 13.59±0.37 20.01±0.31* 1.47 

S7 7.57±0.39 8.97±0.18* 1.19 

S8 20.13±0.15 24.25±0.48* 1.20 

E2 100.00 96.85±0.25* - 

Remark: #Comparison between undigested and digested samples, * p < 0.05, n=3. 
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6.5.2 Estrogenic activity of the digested extracts evaluation by ERβ-Y2H 

system 

The digested ethanolic extracts of traditional medicines (10-4 g/mL) and the 

standard E2 (2.7×10-7 g/mL) were also evaluated for their estrogenic activities by the 

ERβ-Y2H system (Figure 6.8 and Table 6.15). The digested E2 exhibited reduced 

estrogenic activity to 98.22±0.38%. In contrast, seven out of eight digested extracts of 

traditional medicines exhibited the increased estrogenic activity; S1, S2, S3, S4, S5, S6, 

and S8. Among these, the digested S3 extract exhibited the highest increase of 

estrogenic activity, which was 1.80 folds increase as compared with the undigested one. 

These results suggested that S5 exhibited the greatest estrogenic activity among tested 

traditional medicines, especially in the digested condition, which would be benefit for 

estrogen-deficient treatment in the body.  

 

Figure 6.8 Relative estrogenic activities of undigested and digested ethanolic extracts 

of traditional medicines (1 ´ 10-4 g/mL) and the standard E2 (1 ́  10-7 g/mL) 

by ERβ-Y2H system. Independent sample T-test, p < 0.05, n=3. 
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Table 6.15 Relative estrogenic activities of 8 ethanolic extracts under the digested and 

undigested conditions evaluated by ERβ-Y2H system. 

Traditional 

medicines 

Relative estrogenic activity (%) 

Undigested  Digested  Fold increase# 

S1 6.00±0.30 10.21±0.51* 1.70 

S2 2.30±0.13 3.23±0.19* 1.40 

S3 7.71±0.31 13.87±0.55* 1.80 

S4 9.25±0.39 10.29±0.23* 1.11 

S5 18.87±0.92 28.30±1.38* 1.50 

S6 3.22±0.23 4.25±0.30* 1.32 

S7 2.85±0.11 3.03±0.07 - 

S8 3.65±0.09 4.38±0.11* 1.20 

E2 100.00 98.22±0.38* - 

Remark: #Comparison between undigested and digested samples, * p < 0.05, n=3. 

 

6.5.3 Comparison of estrogenic activities of the digested ethanolic extracts 

evaluated by ERα-Y2H and ERβ-Y2H system 

Table 6.16 shows the comparison of estrogenic activities of the undigested 

and digested ethanolic extracts of 8 commercial traditional medicines (S1-S8) evaluated 

by ERa-Y2H and ERβ-Y2H systems. The results revealed that ethanolic extracts of 

these commercial traditional medicines after in vitro digestion mostly exhibited 

increased estrogenic activity as evaluated by ERa-Y2H and ERβ-Y2H systems. The 

increases of estrogenic activity of the digested samples were in a range of 1.17-2.79 

and 1.11-1.80 folds as determined by ERa-Y2H and ERβ-Y2H systems, respectively. 
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In this study, the estrogenic activities of S1 evaluated by ERa-Y2H and 

ERβ-Y2H systems were 1.17-fold and 1.70-fold increases as compared with those of 

the undigested samples, respectively. In S1, its components are from 18 plant species. 

Some phytoestrogens derived from two plant species were reported to exhibit increased 

estrogenic activity after being digested. Diarylheptanoid, one of the curcuminoids 

isolated from Curcuma xanthorrhiza, that was metabolized with S9 rat liver fraction 

exhibited an increase of estrogenic activity via ERα evaluated by recombinant yeast 

system (Wipawee Winuthayanon et al., 2009). The 6-gingerol, the major bioactive 

metabolite of Zingiber officinale extract, also exhibited high estrogenic activity 

(Annunziato et al., 2018). Out of 18 plant species, the other three plant species, Piper 

interruptum, Piper nigrum, and Piper sarmentosum, also exhibited estrogenic activity 

(Shaheer et al., 2020); however, there was no report about their digestion and estrogenic 

activity thereof. Out of 18 plant species, seven plant extracts were reported no 

estrogenic activity; Angelica sinensis (Hsieh et al., 2015), Caesalpinia sappan (Bukke 

et al., 2018), Carthamus tinctorius (Soares et al., 2019), Panax ginseng (Anshul Sharma 

and Lee, 2020), Panax pseudoginseng (Wen-Jin Zhang et al., 2020), Plumbago indica 

(Shukla et al., 2021), and Zingiber cassumunar (Su and Ho, 2013). Their digestions 

have not been studied. So far, the rest species have not yet been studied for estrogenic 

activity; Capsicum frutescens, Citrus hystrix, Leersia hexandra, Molineria latifolia, 

Neopicrorhiza scrophulariiflora, and Scoparia dulcis. In this work, the increased 

estrogenic activity of the digested S1 was hypothesized to involve the metabolites 

derived from Curcuma xanthorrhiza and Zingiber officinale. Nevertheless, it could not 

rule out the possible active metabolites from Piper interruptum, Piper nigrum, Piper 
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sarmentosum, and Zingiber officinale, which their digested extract are needed to 

investigate. 

The estrogenic activities of S2 evaluated by ERa-Y2H and ERβ-Y2H 

systems were 1.46-fold and 1.40-fold increases as compared with those of the 

undigested samples, respectively. In S2, its reported components are from 14 plant 

species. Two plant species were reported about the estrogenic activities of their 

metabolites; Curcuma xanthorrhiza (Diarylheptanoid) (Wipawee Winuthayanon et al., 

2009) and Glycyrrhiza uralensis (liquiritigenin) (Lattrich et al., 2013). Six out of 14 

plant species were reported about no estrogenic activity; Angelica dahurica (Koziol and 

Skalicka-Wozniak, 2016), Angelica sinensis (Hsieh et al., 2015), Carthamus tinctorius 

(Soares et al., 2019), Panax ginseng (Anshul Sharma and Lee, 2020), Salvia 

miltiorrhiza (Sun et al., 2018), and Zingiber cassumunar (Su and Ho, 2013). The other 

six plant species have not yet been reported their estrogenic activity; 

Leonurus sibiricus, Ligusticum sinense, Mimusops elengi, Molineria latifolia, 

Scoparia dulcis, and Zingiber nigrum. So, the increased estrogenic activity of the 

digested S2 was hypothesized to involve the metabolites derived from Curcuma 

xanthorrhiza and Glycyrrhiza uralensis. 

The estrogenic activities of S3 evaluated by ERa-Y2H and ERβ-Y2H 

systems were 1.34-fold and 1.80-fold increases as compared with those of the 

undigested samples, respectively. The digested extracts derived from these three plant 

species were reported about their estrogenic activities (Sa Yoon Park et al., 2018; Zhu 

et al., 2018; Boonchird et al., 2010). Therefore, the active metabolites from these three 

plant species were likely contributed to the increases in estrogenic activity of the 

digested S3. 
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The estrogenic activities of S4 evaluated by ERa-Y2H and ERβ-Y2H 

systems were 1.07-fold and 1.11-fold increases as compared with those of the 

undigested samples, respectively. In S4, its reported components are from 7 plant 

species. The active metabolites contributed to the increased estrogenic activity of the 

digested S4 was likely from Curcuma xanthorrhiza extract  (Wipawee Winuthayanon 

et al., 2009) as mentioned before. Although Piper nigrum extract exhibited estrogenic 

activity, its digested extract has not yet been investigated for estrogenic activity. Four 

plant species were reported no estrogenic activity; Angelica sinensis (Hsieh et al., 

2015), Caesalpinia sappan (Bukke et al., 2018), Carthamus tinctorius (Soares et al., 

2019), and Senna garrettiana (Mashwani et al., 2017). One plant species, 

Leonurus sibiricus, has not yet been studied for estrogenic activity.  

The estrogenic activities of S5 evaluated by ERa-Y2H and ERβ-Y2H 

systems were 2.79-fold and 1.50-fold increases as compared with those of the 

undigested samples, respectively. The active metabolites contributed to the increased 

estrogenic activity of the digested S5 was likely from Curcuma xanthorrhiza extract  

(Wipawee Winuthayanon et al., 2009) and Pueraria mirifica (Boonchird et al., 2010) 

as mentioned before. Seven out of fifteen digested plant extracts were reported no 

estrogenic activity; Angelica sinensis (Hsieh et al., 2015), Glycyrrhiza grabra (Dong 

Cai et al., 2019), Paeonia lactiflora (Hsiu et al., 2004), Panax ginseng (Anshul Sharma 

and Lee, 2020), Poria cocos (Jiang and Fan, 2020), Salvia miltiorrhiza (Sun et al., 

2018), Saussurea lappa (D. Liu et al., 2021). The other six plant species have not yet 

reported for the estrogenic activity; Atractylodes lancea, Corydalis yanhusuo, Cyperus 

rotundus, Leonurus sibiricus, Ligusticum sinense, and Rehmannia glutinosa. 
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The estrogenic activities of S5 evaluated by ERa-Y2H and ERβ-Y2H 

systems were 1.45-fold and 1.32-fold increases as compared with those of the 

undigested samples, respectively. In S6, its reported components are from 5 plant 

species. It was likely that the active metabolites of S6 were from the extract of Curcuma 

xanthorrhiza, which previously mentioned about its digested extract exhibiting 

estrogenic activity (Anggarani et al., 2018); (Wipawee Winuthayanon et al., 2009). 

Among five plant species as the components in S6, three plant species reported no 

estrogenic activity; Angelica sinensis (Hsieh et al., 2015), Panax ginseng (Anshul 

Sharma and Lee, 2020), and Poria cocos (Jiang and Fan, 2020). One plant species, 

Ligusticum sinense has not yet been reported for estrogenic activity. Nevertheless, these 

four plant species have not yet studied their digestion and estrogenic activity thereof. 

The estrogenic activities of S7 evaluated by ERa-Y2H system was 1.19-

fold increase as compared with those of the undigested sample. S7 has the ingredients 

derived from 5 plant species, In S7, its reported components are from 5 plant species. 

Among the ethanolic extracts of these five plant species, two species were previously 

reported to exhibit estrogenic activity, including Angelica sinensis (C. Z. Zhang et al., 

2005), and Carthamus tinctorius (in this work). Two other species (Aquilaria crassna 

and Caesalpinia sappan) exhibited no estrogenic activity (Abbas et al., 2018; Raj et al., 

2014), and one species (Ligusticum sinense) has not been studied for its estrogenic 

activity yet. There is no report on the digested extracts of these plants and estrogenic 

activity thereof. 

The estrogenic activities of S8 evaluated by ERa-Y2H and ERβ-Y2H 

systems were 1.20-fold increases in both systems as compared with those of the 

undigested samples. In S8, its reported components are from 8 plant species. One 
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metabolite derived from Glycyrrhiza uralensis extract, liquiritigenin, was previously 

reported for estrogenic activity in ERα-positive MCF-7, but not in ERβ-positive MDA-

MB-231 cells (Lattrich et al., 2013). Five other species were reported no estrogenic 

activity; Aquilaria crassna (Wisutthathum et al., 2018), Astragalus membranaceus (El-

Kott et al., 2019), Paeonia lactiflora(Hsiu et al., 2004), Poria cocos (Jiang and Fan, 

2020), and Salvia miltiorrhiza (Sun et al., 2018). The rest of the two species, Ligusticum 

sinense and Rehmannia glutinosa have not yet been reported estrogenic activity of their 

digested extracts.  
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6.6 Estrogenic activities of In Vitro Simulated Digestion of Water 

Extracts of 8 Commercial Traditional Medicines 

6.6.1 Estrogenic activity of the digested extracts evaluation by ERα-Y2H 

system 

In this part, the water extracts of 8 commercial traditional medicine were 

digested using a mimic gastrointestinal digestion condition. These undigested and 

digested extracts were evaluated for their estrogenic activity by ERα and ERβ-Y2H 

systems.   

Figure 6.9 and Table 6.17 show the results of the estrogenic activities of 

undigested and digested extracts derived from the water extracts of traditional 

medicines (10-4 g/mL) and the standard E2 (2.7×10-4 g/mL or 10-7 M) as determined by 

ERa-Y2H system. Similar to the previous study, the digested E2 exhibited the 

decreased estrogenic activity to 96.31±0.97%. In this work, only one digested S3 

extract exhibited reduced estrogenic activity, whereas the rest extracts exhibited had 

increased estrogenic activity (S1, S2, S4, S5, S6, S7, and S8). The digested S8 extract 

exhibited the highest increase of estrogenic activity, which was 29.60 folds increase as 

compared with its undigested extract. Its estrogenic activity was very high, which 

almost equivalent to that of the standard E2 at 10-7 M. The increased estrogenic activity 

of the digested extracts derived from water extracts of S1-S8 traditional medicines was 

hypothesized to involve the structural changes of phytoestrogens by enzymatic 

digestion. For instance, 8-prenylnaringenin (8PN), the metabolite of xanthohumol, 

exhibited more potent estrogenic activity than its original plant compound (Cady et al., 

2020).  
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Figure 6.9 Relative estrogenic activities of undigested and digested water extracts of 

traditional medicines (1 ´ 10-4 g/mL) and the standard E2 (1 ´ 10-7 g/mL) 

by ERα-Y2H system. Independent sample T-test, p < 0.05, n=3. 

 

Table 6.17 Relative estrogenic activities of 8 water extracts under the digested and 

undigested conditions evaluated by ERα-Y2H system. 

Traditional 

medicines 

Relative estrogenic activity (%) 

Undigested  Digested  Fold increase# 

S1 17.87±1.07 50.87±1.67* 2.85 

S2 21.42±1.59 71.34±0.95* 3.33 

S3 27.81±1.41 12.18±0.71* - 

S4 9.82±1 14.20±0.66* 1.45 

S5 8.49±0.09 45.76±1.27* 5.39 

S6 6.10±0.26 45.78±1.26* 7.50 

S7 4.40±0.28 50.65±1.72* 11.52 

S8 3.42±0.14 101.32±2.18* 29.60 

E2 100.00 96.31±0.97* - 

Remark: #Comparison between undigested and digested samples, * p < 0.05, n=3. 
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6.6.2 Estrogenic activity of the digested extracts evaluation by ERβ-Y2H 

system 

 The estrogenic activity of in vitro digested 8 traditional medicines (derived 

from water extracts) were evaluated by ERβ-Y2H system as shown in Figure 6.10 and 

Table 6.18. The digested E2 exhibited reduced estrogenic activity to 96.08±0.53%. The 

undigested extracts exhibited very low estrogenic activity via ERb, which were only 

0.47-2.11% as compared with the standard E2. Nevertheless, most digested extracts 

exhibited increased estrogenic activity, but still at low activity as compared with the 

standard E2 (1.03-3.80%). Therefore, these results indicated that the estrogenic 

activities of S1-S8 were dominantly from the interaction with ERa, not ERb.  

 

Figure 6.10 Relative estrogenic activities of undigested and digested water extracts of 

traditional medicines (1 ´ 10-4 g/mL) and the standard E2 (1 ´ 10-7 g/mL) 

by ERb-Y2H system. Independent sample T-test, p < 0.05, n=3. 
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Table 6.18 Relative estrogenic activities of 8 water extracts under the digested and 

undigested conditions evaluated by ERβ-Y2H system. 

Traditional 

medicines 

Relative estrogenic activity (%) 

Undigested  Digested  Fold increase# 

S1 1.11±0.11 1.07±0.06 - 

S2 0.83±0.06 1.79±0.15* 2.17 

S3 0.47±0.03 1.03±0.09* 2.18 

S4 0.53±0.02 1.33±0.13* 2.48 

S5 0.59±0.08 3.10±0.17* 5.25 

S6 2.28±0.14 1.75±0.08* - 

S7 0.92±0.07 3.80±0.54* 4.14 

S8 2.11±0.09 2.91±0.09* 1.38 

E2 100.00 96.08±0.53* - 

Remark: #Comparison between undigested and digested samples, * p < 0.05, n=3. 

 

6.6.3 Comparison of estrogenic activities of the undigested and digested water 

extracts evaluated by ERα-Y2H and ERβ-Y2H  

 In this part, the research data were compared between the estrogenic activities of 

the undigested and digested water extracts of 8 commercial traditional medicines (S1-

S8) evaluated by ERα-Y2H and ERβ-Y2H systems. The results demonstrated that the 

water extracts of S1-S8 exhibited estrogenic activities via ERa higher than ERb. Also, 

after digesting, the water extracts of S1-S8 exhibited increased estrogenic activities via 

both estrogen receptors. Via ERα-Y2H system, the estrogenic activities of S1-S8 under 

non-digested condition were in a range of 3.42-27.42% as compared with the standard 

E2 (1 ´ 10-7 g/mL). After digesting, their estrogenic activities were increased to 

12.18-101.32% as compared with the standard E2. Via ERb-Y2H system, the 
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estrogenic activities of S1-S8 under non-digested condition were in a range of 

0.47-2.11% as compared with the standard E2. After digesting, their estrogenic 

activities were increased to 1.03-3.80% as compared with the standard E2.  

 For S1, it was possible that the active compounds exhibiting estrogenic activity 

were derived from Angelica sinensis, Carthamus tinctorius, and Panax ginseng. Ferulic 

acid, the estrogenic compound in Angelica sinensis, was reported to be absorbed in the 

intestine (Paiva et al., 2013) and exhibited estrogenic activity via ERα (Hao et al., 

2010). The caffeic acid, the major bioactive metabolite derived from Carthamus 

tinctorius, exhibited estrogenic activity in ERα positive MG-63 cells (Hernandes et al., 

2020). The metabolized ginsenosides Rb1 derived from Panax ginseng exhibited 

estrogenic activity via ERα positive in MCF-7 cell (Y. J. Lee et al., 2003). The rest 

ingredients of S1 derived from the plant species that have not yet investigated for their 

digested compounds and estrogenic activity thereof.  

 For S2, its reported components are from 14 plant species. Five plant species 

were reported about the estrogenic activities of their metabolites; Angelica dahurica 

(kaemferal) (Guo et al., 2012), Angelica sinensis (Ferulic acid) (Wu et al., 2020), 

Carthamus tinctorius (caffeic acid) (Xiaoming Wang et al., 2019), 

Glycyrrhiza uralensis (liquiritigenin) (Lattrich et al., 2013), and Panax ginseng 

(ginsenosides Rb1) (Y. J. Lee et al., 2003). The rest ingredients of S2 derived from the 

plant species that have not yet investigated for their digested compounds and estrogenic 

activity thereof.  

 For S3, three plant species were reported about the estrogenic activities of their 

metabolites; Angelica sinensis (Ferulic acid) (Wu et al., 2020), Panax ginseng 

(ginsenosides Rb1) (Y. J. Lee et al., 2003), and Pueraria mirifica (equol) (Tsuji et al., 
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2018). Therefore, the active metabolites from these three plant species were likely 

contributed to the increases in estrogenic activity. 

For S4, its reported components are from 7 plant species. The active metabolites 

of S4 were likely from Angelica sinensis and Carthamus tinctorius, which previously 

mentioned about their digested extracts exhibiting estrogenic activities (Wu et al., 2020; 

Xiaoming Wang et al., 2019). The rest ingredients of S4 derived from the plant species 

that have not yet investigated for their digested compounds and estrogenic activity 

thereof. 

For S5, its reported components are from 15 plant species. Among the water 

extracts of these fifteen plant species, four species were previously reported to exhibit 

estrogenic activity, including Angelica sinensis, Paeonia lactiflora, Panax ginseng, and 

Pueraria mirifica (Tsuji et al., 2018; Li Liu et al., 2012; Hao et al., 2010; Y. J. Lee et 

al., 2003). Four other species Atractylodes lancea, Curcuma xanthorrhiza, Glycyrrhiza 

grabra, and Salvia miltiorrhiza exhibited no estrogenic activity (Abotaleb et al., 2020; 

Dae Yong Kim and Choi, 2019; Zhen Zhang et al., 2019; Jinhee Kim et al., 2013), and 

seven species (Corydalis yanhusuo, Cyperus rotundus, Leonurus sibiricus, Ligusticum 

sinense, Poria cocos, Rehmannia glutinosa, and Saussurea lappa) have not been 

studied for its estrogenic activity yet. So, the increased estrogenic activity of the 

digested S5 was hypothesized to involve the metabolites derived from Angelica 

dahurica, Paeonia lactiflora, Panax ginseng, and Pueraria mirifica. 

For S6, its reported components are from 5 plant species. Among the water 

extracts of these two plant species were previously reported to exhibit estrogenic 

activity, including Angelica sinensis (Hao et al., 2010), and Panax ginseng (Y. J. Lee 

et al., 2003). One species (Curcuma xanthorrhiza) reported no estrogenic activity 
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(Pandey et al., 2020) and two species  (Ligusticum sinense and Poria cocos) have not 

been studied for its estrogenic activity yet.  So, the increased estrogenic activity of the 

digested S6 was hypothesized to involve the metabolites derived from Angelica 

dahurica and Panax ginseng, 

For S7, its reported components are from 5 plant species. It was likely that the 

active metabolites of S7 were from the extract of Angelica sinensis and Carthamus 

tinctorius (Lili Liu et al., 2021; Hao et al., 2010). The rest ingredients of S7 derived 

from the plant species that have not yet investigated for their digested compounds and 

estrogenic activity thereof. 

For S8, its reported components are from 8 plant species. Three plant species 

were reported about the estrogenic activities of their metabolites; Astragalus 

membranaceus (daidzein) (Subcharoen and Chthaputti, 2018), Glycyrrhiza uralensis 

(liquiritigenin) (Lattrich et al., 2013), and Paeonia lactiflora (Albiflorin) (Li Liu et al., 

2012). The rest ingredients of S8 derived from the plant species that have not yet 

investigated for their digested compounds and estrogenic activity thereof. So, the 

increased estrogenic activity of the digested S8 was hypothesized to involve the 

metabolites derived from Astragalus membranaceus, Glycyrrhiza uralensis, and 

Paeonia lactiflora. Five other species were reported no estrogenic activity; Aquilaria 

crassna (Wisutthathum et al., 2018), Astragalus membranaceus (El-Kott et al., 2019), 

Paeonia lactiflora(Hsiu et al., 2004), Poria cocos (Jiang and Fan, 2020), and Salvia 

miltiorrhiza (Sun et al., 2018). The rest of the two species, Ligusticum sinense 

and Rehmannia glutinosa have not yet been reported estrogenic activity of their 

digested extracts.  
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6.7 Comparison of Estrogenic Activities of Digested and Undigested 

Ethanolic and Water Extracts of 8 Commercial Traditional 

Medicines 

The estrogenic activity of the digested and undigested ethanolic and water extracts 

of 8 commercial traditional medicines that were evaluated by ERα-Y2H and ERβ-Y2H 

system were compared in Table 6.20, which showed relative estrogenic activity (%) 

values.  

The results indicated that the digested ethanolic and water extracts of all tested 

medicines (S1-S8) exhibited increased estrogenic activities via the interaction with both 

ERα and ERβ. These results suggested the potential functions of these tested medicines 

after ingestion in the body. Interestingly, all tested medicines preferentially functioned 

via the interaction with ERα more than ERβ. These results were well related to the 

property of these medications to relieve the symptoms relating to the ovary, which 

highly expressed ERα (Paterni et al., 2014). Compared between ethanolic and water 

extracts of these medicines, the in vitro digested traditional medicines derived from 

water extracts exhibited significantly higher estrogenic activities. The ethanolic 

extracts of these medicinal samples exhibited the maximal estrogenic activity via ERa 

of 27.57%, and those of digested samples exhibited increased estrogenic activity to the 

maximal value of 33.91%. Interestingly, their water extracts exhibited the maximal 

estrogenic activity via ERa of 27.81%, and those of digested samples exhibited 

increased estrogenic activity to the maximal value of 101.32%. These results suggested 

that the active compounds of these medicines were water-soluble, which were suitable 

for their oral ingestions in an aqueous system in the body. Among these eight traditional 
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medicines, the digested S8 sample exhibited the highest estrogenic activity, which was 

101.32% as compared with the estrogenic activity of the standard E2 (1 ´ 10-7 g/mL). 

The estrogenic activity of the digested S8 was hypothesized to involve the metabolites 

derived from Astragalus membranaceus (daidzein) (Subcharoen and Chthaputti, 2018), 

Glycyrrhiza uralensis (liquiritigenin) (Lattrich et al., 2013), and Paeonia lactiflora 

(Albiflorin). Nevertheless, the actions of metabolites derived from other ingredients 

(six plant species) in the S8 sample still cannot rule out as their digestions and 

estrogenic activity thereof have not been studied.  
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CHAPTER VII 

CONCLUSION 

 

In this study, the yeast two-hybrid (Y2H) systems were developed to determine 

phytoestrogens and employed to study the estrogenic activities of ten crude medicinal 

plant extracts and eight commercially traditional medicines.  

In the first part, four Y2H systems were constructed, which each system 

contained two recombinant plasmids (bait and prey plasmids). The bait plasmids in this 

work were pGBKT7-hERα and pGBKT7-hERβ. The prey plasmids were pGADT7-

hSRC1 and pGADT7-hTIF2. The yeast Saccharomyces cerevisiae strain AH109 was 

co-transformed with the bait- prey plasmids. Four Y2H systems were constructed, 

which each system contained two recombinant plasmids; 1) pGBKT7-hERα and 

pGADT7-hSRC1, 2) pGBKT7-hERα and pGADT7-hTIF2, 3) pGBKT7-hERβ and 

pGADT7-hSRC1, and 4) pGBKT7-hERβ and pGADT7-hTIF2. The most suitable Y2H 

systems to evaluate the estrogenic activity via the interactions to ERa and ERb were 

the systems containing pGBKT7-hERα and pGADT7-hTIF2, and pGBKT7-hERβ and 

pGADT7-hSRC1, respectively. These Y2H systems were referred to as ERα-Y2H and 

ERβ-Y2H systems, respectively. These systems efficiently detected the estrogenic 

activities of the standard E2 and genistein. In the second part, the ERα-Y2H and ERβ-

Y2H systems were used to detect the estrogenic activity of 10 medicinal plant extracts 

via the interactions of both estrogen receptors (ERα and ERβ). The ethanolic and water 
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extracts of these plant species included Angelica sinensis, Angelica dahurica, 

Carthamus tinctorius, Curcuma xanthorrhiza, Dendrolobium lanceolatum, 

Glycyrrhiza glabra, Glycyrrhiza uralensis, Morinda coreia, Pueraria mirifica, and 

Zingiber officinale. Based on E2-REP10 values, the ethanolic extracts of these plants 

exhibited higher estrogenic activities than their water extracts (Table 7.1). Interestingly, 

the ethanolic plant extracts exhibited more estrogenic activities via ERβ than ERα, 

whereas the water extracts exhibited more estrogenic activities via ERa. Among 

ethanolic extracts, the ethanolic extract of Dendrolobium lanceolatum exhibited the 

highest estrogenic activity via ERβ with the E2-REP10 of 1.53%. Among water extracts, 

the water extract of Glycyrrhiza uralensis exhibited the highest estrogenic activity via 

ERa with the E2-REP10 of 0.194%. The ethanolic and water extracts of the same plant 

species exhibited different estrogenic activities via both receptors, suggesting different 

active compounds obtained by different extraction solvents (ethanol and water).  

When the ethanolic and water extracts derived from these plant species were 

in vitro digested, their estrogenic activities were changed, likely due to their different 

metabolites obtained by the enzymatic digestion. For the ethanolic extracts, their 

digested extracts mostly exhibited the reduction of estrogenic activity via the 

interaction of both ERa and ERβ (Table 7.2). Only a few digested extracts possessed 

increased estrogenic activity. Via ERa, four digested extracts derived from Curcuma 

xanthorrhiza, Glycyrrhiza uralensis, Dendrolobium lanceolatum, and 

Zingiber officinale exhibited escalated estrogenic activity. Via ERβ, only digested 

extracts of Dendrolobium lanceolatum exhibited the rise of estrogenic activity. In 

contrast, the water extracts of these plants after in vitro digestion mostly exhibited the 

increases of estrogenic activity via ERa, whereas possessed the reduction of estrogenic 
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activity via ERβ. Via ERa, seven plant extracts under an in vitro digestion exhibited 

increased estrogenic activity; Angelica dahurica, Angelica sinensis, Dendrolobium 

lanceolatum, Carthamus tinctorius, Morinda coreia, Glycyrrhiza uralensis, and 

Pueraria mirifica. Via ERβ, only digested extract of Dendrolobium lanceolatum 

exhibited the rise of estrogenic activity. 

In the third part, the ERα-Y2H and ERβ-Y2H systems were used to detect 

the estrogenic activity of 8 commercially traditional medicines via the interactions of 

both estrogen receptors (ERα and ERβ). These medicines were referred to as S1-S8. 

The ethanolic extracts of these medicines exhibited higher estrogenic activities than 

their water extracts. Also, their estrogenic activities were more potent via ERa (Table 

7.3). Among ethanolic extracts, the S3 ethanolic extract exhibited the highest estrogenic 

activity via ERa with the E2-REP10 of approximately 0.45%. Among water extracts, 

the S3 water extract also exhibited the highest estrogenic activity via ERa with the E2-

REP10 of about 0.10%. 

When the ethanolic and water extracts derived from these medicines were in 

vitro digested, their estrogenic activities significantly increased, particularly via the 

interaction with ERα. These results suggested the potential functions of these tested 

medicines after ingestion in the body. Also, these results were well related to the 

property of these medications to relieve the symptoms relating to the ovary, which 

highly expressed ERα. Compared between ethanolic and water extracts of these 

medicines, the in vitro digested medicines derived from water extracts exhibited 

significantly higher estrogenic activities (Table 7.4). The ethanolic extracts of these 

medicinal samples exhibited the maximal estrogenic activity via ERa of 27.57%, and 

those of digested samples exhibited increased estrogenic activity to the maximal 
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relative estrogenic activity of 33.91%. Interestingly, their water extracts exhibited the 

maximal relative estrogenic activity via ERa of 27.81%, and those of digested samples 

exhibited increased estrogenic activity to the maximal relative estrogenic activity of 

101.32%. These results suggested that the active compounds of these medicines were 

water-soluble, which were suitable for their oral ingestions in an aqueous system in the 

body. Among these eight traditional medicines, the digested S8 sample exhibited the 

highest estrogenic activity (relative estrogenic activity of 101.32%) via ERa as 

compared with the estrogenic activity of the standard E2 (1 ́  10-7 g/mL). The estrogenic 

activity of the digested S8 was hypothesized to involve the metabolites derived from 

Astragalus membranaceus, Glycyrrhiza uralensis, and Paeonia lactiflora. 

Nevertheless, the actions of metabolites derived from other ingredients (from other six 

plant species) in the S8 sample still cannot rule out as their digestions and estrogenic 

activity thereof have not been studied.  
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Table 7.1 Comparison of estrogenic activities of ethanolic and water extracts of 10 

medicinal plants evaluated by ERα-Y2H and ERβ-Y2H systems evaluated by E2-REP10 

values. 

Extracts derived from 

Estrogenic activities evaluated by E2-REP10 

ERα-Y2H ERβ-Y2H 

Ethanolic 

extracts 

Water 

extracts 

Ethanolic 

extracts 

Water 

extracts 

Angelica dahurica N N 0.02 N 

Angelica sinensis N N 0.05 N 

Carthamus tinctorius N N 0.03  N 

Curcuma xanthorrhiza N 0.006 0.03  N 

Dendrolobium lanceolatum 0.009 0.003 1.53 0.002 

Glycyrrhiza glabra 0.00004 0.0007 0.03 N 

Glycyrrhiza uralensis 0.00002 0.194 0.51 N 

Morinda coreia 0.0002 0.07 0.02  0.067 

Pueraria mirifica 0.00006 0.003  0.02 N  

Zingiber officinale N N N N 

Remark: N, Negative. 
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Table 7.2 Estrogenic activities of ethanolic and water extracts of 10 medicinal plants 

as compared between digested and undigested extracts that were evaluated by ERα-

Y2H and ERβ-Y2H systems. 

Extracts derived from 

Comparison of estrogenic activities of the 

digested and undigested extracts 

ERα-Y2H ERβ-Y2H 

Ethanolic 

extracts 

Water 

extracts 

Ethanolic 

extracts 

Water 

extracts 

Angelica dahurica 0.59 (¯) 6.15 (­) 0.17 (¯) 0.15 (¯) 

Angelica sinensis 0.66 (¯) 4.96 (­) 0.13 (¯) 0.61 (¯) 

Carthamus tinctorius 0.69 (¯) 4.35 (­) 0.22 (¯) 0.83 (¯) 

Curcuma xanthorrhiza 1.42 (­) 0.97 (¯)  0.12 (¯) 0.97 (¯) 

Dendrolobium lanceolatum 1.16 (­) 4.84 (­) 2.08 (­) 6.23 (­) 

Glycyrrhiza glabra 0.45 (¯) 0.56 (¯) 0.08 (¯) 0.27 (¯) 

Glycyrrhiza uralensis 1.29 (­) 3.65 (­) 0.15 (¯) 0.43 (¯) 

Morinda coreia 0.45 (¯) 4.07 (­) 0.07 (¯) 0.08 (¯) 

Pueraria mirifica 0.78 (¯) 2.39 (­) 0.13 (¯) 1.29 (¯) 

Zingiber officinale 1.15 (­) 0.89 (¯) 1.16 (­) 0.14 (­) 

Remarks:  

§ Estrogenic activity of digested extract / Estrogenic activity of undigested extract 

§ ¯ Reduced estrogenic activity  

§ ­ Increased estrogenic activity 
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Table 7.3 Comparison of estrogenic activities of ethanolic and water extracts of 8 

traditional medicines evaluated by ERα-Y2H and ERβ-Y2H systems evaluated by E2-

REP10 values. 

Commercial traditional 

medicines 

Estrogenic activities evaluated by E2-REP10 

ERα-Y2H ERβ-Y2H 

Ethanolic 

extracts 

Water 

extracts 

Ethanolic 

extracts 

Water 

extracts 

S1 0.00260 0.00166 0.00004 N 

S2 N 0.00016 N N 

S3 0.44960 0.10423 0.00004 N 

S4 0.00730 N 0.00020 N 

S5 0.00120 N 0.00166 N 

S6 0.00310 N N N 

S7 0.00030 N N N 

S8 0.01350 0.00008 N N 

Remark: N, Negative. 
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Table 7.4 Estrogenic activities of ethanolic and water extracts of 8 traditional 

medicines as compared between digested and undigested extracts that were evaluated 

by ERα-Y2H and ERβ-Y2H systems. 

Commercial traditional 

medicines 

Comparison of estrogenic activities of the digested 

and undigested extracts 

ERα-Y2H ERβ-Y2H 

Ethanolic 

extracts 

Water 

extracts 

Ethanolic 

extracts 

Water 

extracts 

S1 1.17 (­) 2.85 (­) 1.70 (­) 0.96 (¯) 

S2 1.46 (­) 3.33 (­) 1.40 (­) 2.16 (­) 

S3 1.34 (­) 0.44 (¯) 1.80 (­) 2.19 (­) 

S4 1.07 (­) 1.45 (­) 1.11 (­) 2.51 (­) 

S5 2.79 (­) 5.39 (­) 1.50 (­) 5.25 (­) 

S6 1.47 (­) 7.50 (­) 1.32 (­) 0.77 (¯) 

S7 1.18 (­) 11.51 (­) 1.06 (­) 4.13 (­) 

S8 1.20 (­) 29.63 (­) 1.20 (­) 1.38 (­) 

Remarks:  

§ Estrogenic activity of digested extract / Estrogenic activity of undigested extract 

§ ¯ Reduced estrogenic activity 

§ ­ Increased estrogenic activity 
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1. General chemicals and materials 

2-Mercaptoethanal Biobasic, Ontario, Canada 

Agarose vivantis, Selangor Darul Ehsan, 

Malaysia. 

Disodium salt, dihydrate Biobasic, Ontario, Canada 

Leu/Trp DO supplement Clonetech, Mountain view, Canada 

ortho-Nitrophenyl-β-galactoside Biobasic, Ontario, Canada 

Pancreatin Panreac Applichem, Barcelona, Spain 

Pepsin Sigma, Missouri, USA 

TRIzol™ Reagent Thermofisher, Carlsbad, Canada 

Yeast nitrogen base w/o amino acids Becton Dickinson, Newjersey, USA 

β-Estradiol Sigma, Sigma, Missouri, USA 

 

2. Media and Antibiotics 

     2.1 Bacterial Media (per L) 

2.1.1 LB (Luria-Bertani) medium   

 Bactotryptone 10 g 

 Bacto yeast extract 5 g 

 NaCl 10 g 

 Adjust to pH 7.0 with 5 N NaOH. Add H2O to a final 

volume of 1 L and autoclave. 

  

2.1.2  LB agar   

 Bactotryptone 10 g 

 NaCl 10 g 

 Yeast extract 5 g 
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2.2 Yeast media (per L)                                      

 

 

3. Antibiotics   

 

 

 

 

 

 

 

 

2.2.1 YPD (Yeast extract peptone dextrose) medium   

 Peptone 20 g 

 Yeast extract 10 g 

 Adjust to pH 6.5 with 5 N NaOH. Add H2O to a final volume of 950 mL and 

autoclave. 

 Add 40% sterile glucose                                                  50 mL 

 

2.2.2 YPD agar   

 Peptone 20 g 

 Yeast extract 10 g 

 Agar       20 g 

 Adjust to pH 6.5 with 5 N NaOH. Add H2O to a final volume of 950 mL and 

autoclave. 

 Add 40% sterile glucose                                                  50 mL 

Antibiotics Stock solution (mg/mL) Solvent 

Ampicilin 25 Water 

Kanamycin 50 Water 
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REAGENT PREPERATION 
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1. For Transformation of Yeast 

 

 

 
1.1 Polyethylene glycol/Lithium acetate (10 ml)   

      Prepare fresh just prior to use.   

 50% PEG 4000                                                                         8 mL 

 10X TE                                                                                     1 mL 

 10X LiAc                                                                                  1 mL 

1.2 10X TE buffer (per L)   

 1 M Tris-HCl, pH 7.5 100 mL 

 0.5 M EDTA, pH 7.5   20 mL 

 Adjust to pH 7.5 with 5 N NaOH. Add H2O to a final volume of 1 L and 

autoclave 

1.3 10X LiAc (per L)   

 lithium acetate                                                                     102 g 

 Adjust to pH 7.5 with dilute acetic acid and autoclave. 

1.4 1 M Tris-HCl, pH 7.5 (per L) 

 Tris Base                                                                           121.14 g 

 Adjust to pH 7.5 with concentrated HCl. Add H2O to a final volume of 1 L     

and autoclave 

1.5 0.5 M EDTA, pH 7.5 (per L) 

 EDTA disodium salt                                                           186.1 g 

 Adjust to pH 7.5 with NaOH. Add H2O to a final volume of 1 L and 

autoclave 
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  2. For β-galactosidase Assay         
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3. For Gel Electrophoresis   

 

  

 

3.1 Tris-acetate (50´ TAE)   

     Tris base 242 g 

     Glacial acetic acid  57.1 mL 

      0.5 M EDTA, pH 8.0 100 mL 

     Adjust the volume to 1 L of dH2O 

  3.2 0.8% Agarose gel (100 mL)   

 1X TAE 100 mL 

 Agarose 0.8 g 

 Heat until the solution is clear and agarose appears to be fully dissolved. 

3.3 Gel-loading buffers (6´)    

 Bromophenol blue 0.25%  

 Xylene cyanol FF 0.25%  

 Glycerol in water 30%  
 Adjust to pH 7.5 with dilute acetic acid and autoclave. 
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4 Alkaline Lysis Buffers for A Minipreparation of Plasmid DNA 

 

 

  

 

  4.1 Solution I            

 Glucose 50 mM 

 Tris-Cl (pH 8.0)  25 mM 

 EDTA (pH 8.0) 10 mM 

 Solution I can be prepared in batches of approximately 100 ml, autoclaved for 

15 min at 121 ºC, and stored at 4 ºC. 

   4.2 Solution II   

  Sodium hydroxide (NaOH) 0.2 N 

  Sodium dodecyl sulfate (SDS) 1%  

4.3 Solution III   

 5M potassium acetate 60        mL 

 Glacial acetic acid 11.5 mL 

 H2O 28.5 mL 
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SUPPLEMENTARY DATA 
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Data of The Independently Repeated Experiments 

1. Y2H systems to evaluate the standard E2 
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2. Y2H systems to evaluate genistein 

 

 

3. Y2H systems to evaluate 10 plant extracts (undigested and digested 

conditions) 
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3.1 The estrogenic activities of 10 crude ethanolic extracts as evaluated by   

the ERα-Y2H system. 

 

3.2 The estrogenic activities of 10 crude ethanolic extracts as evaluated by   the 

ERβ-Y2H system   

3.3 The estrogenic activities of 10 crude water extracts as evaluated by   

the ERα-Y2H system   
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3.4 The estrogenic activities of 10 crude water extracts as evaluated by   

the ERβ-Y2H system   

 

 

3.5 The relative estrogenic activities of undigested and digested plant 

extracts (ethanolic extracts, 1 ´ 10-4 g/mL) and E2 (1 ´ 10-7 g/mL) by 

ERα-Y2H system. 
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3.6 The relative estrogenic activities of undigested and digested plant 

extracts (ethanolic extracts, 1 ´ 10-4 g/mL) and E2 (1 ´ 10-7 g/mL) by 

ERβ-Y2H system. 

 

3.7 The relative estrogenic activities of undigested and digested plant 

extracts (water extracts, 1 ́  10-4 g/mL) and E2 (1 ́  10-7 g/mL) by ERβ-

Y2H system. 
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3.8 The relative estrogenic activities of undigested and digested plant 

extracts (water extracts, 1 ́  10-4 g/mL) and E2 (1 ́  10-7 g/mL) by ERβ-

Y2H system. 

 

 

 

4.  Y2H systems to evaluate medicinal plant extracts (undigested and digested 

conditions) 
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4.1 The estrogenic activities of ethanolic-extracts derived from 8 

commercially traditional medicine extracts as evaluated by the ERα-

Y2H system. 

 

4.2 The estrogenic activities of ethanolic-extracts derived from 8 commercially 

traditional medicine extracts as evaluated by the ERβ-Y2H system. 
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4.3 The estrogenic activities of water-extracts derived from 8 

commercially traditional medicine extracts as evaluated by the ERβ-

Y2H system. 

 

 

4.4 The estrogenic activities of water-extracts derived from 8 

commercially traditional medicine extracts as evaluated by the ERβ-

Y2H system. 
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4.5 Relative estrogenic activities of undigested and digested ethanolic 

extracts of S1-S8 (1 ´ 10-4 g/mL) and the standard E2 (1 ´ 10-7 g/mL) 

determined by ERα-Y2H system.  

 

4.6 Relative estrogenic activities of undigested and digested ethanolic 

extracts of S1-S8 (1 ´ 10-4 g/mL) and the standard E2 (1 ´ 10-7 g/mL) 

determined by ERβ-Y2H system.  
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4.7 Relative estrogenic activities of undigested and digested water extracts 

of S1-S8 (1 ´ 10-4 g/mL) and the standard E2 (1 ´ 10-7 g/mL)   

determined by ERα-Y2H system. 

 

4.8 Relative estrogenic activities of undigested and digested water extracts 

of S1-S8 (1 ´ 10-4 g/mL) and the standard E2 (1 ´ 10-7 g/mL) 

determined by ERβ-Y2H system. 
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