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Abstract

Much of the interest on the chemopreventive properties of licorice has been focused on the plant genius Glycyrrhiza glabra. In

this study the ethanol extract of Chinese licorice root, Glycyrrhiza uralensis (G. uralensis) was investigated for its estrogenic

effect and the ability to inhibit cell proliferation in the MCF-7 human breast cancer cell line. The extract of the root of G. uralensis

was fractionated in EtOH:H2O (80:20) (80% ethanol). The extract exhibited estrogenic effects similar to 17b- estradiol (E2) and

induced apoptosis at the same dose level (100 mg/ml) in MCF-7 breast cancer cells, results were associated with up-regulation of

tumor suppressor gene p53 and pro-apoptotic protein Bax. G. uralensis extract caused the up-regulation of p21waf1/cip1 and down-

regulation of cdk 2 and cyclin E and most significantly, induced G1 cell cycle arrest. This is the first study to show that the

ethanolic extract of the root of G. uralensis has an estrogen-like activity and anti-cancer effects against MCF-7 human breast

cancer cells. Whilst the use of phytoestrogens to protect against hormone-dependent cancers or as a ‘natural’ alternative to

hormone replacement therapy remains controversial, the data in this paper support the suggestion that extracts of root of the

Chinese licorice G. uralensis might be of importance in this debate.
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1. Introduction

The incidence of cancers in particular those of the

breast and prostate continue to be focus of worldwide
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attention. Breast cancer is the most common form of

cancer affecting women with cases in North America

and Northern Europe being considerably higher than

in Asia, the Far East, Africa and South America.

Hulka and Moorman [1] have noted that ‘the

international differences in breast-cancer incidence

and mortality rates indicate important differences in

the endogenous hormonal milieu, lifestyle and

environmental factors, genetic susceptibility, and

mammographic screening activities among

countries’. Breast cancer incidence and mortality

rates may be explained by differences in the relative

risk or prevalence of risk factors including dietary

factors but this remain inconclusive. Indeed the extent

to which diet is involved in the etiology of breast

cancer as opposed to its mediation in part through

hormonal mechanisms is being borne out by several

studies [2–4] has yet to be fully defined. Although

dietary phytoestrogens in edible plants including

lignans and isoflavonoids, used in a wide variety of

products, can mimic the effects of the main natural

estrogen, 17b-estradiol, by binding to the estrogen

receptor and influencing the expression of estrogen-

dependent genes, the effect of the intake of phytoes-

trogens in decreasing breast cancer risk remain

controversial [3,4]. Nevertheless research in this

area is attractive. Most studies on phytoestrogens

and breast cancer have addressed the effect of

phytoestrogens on the growth of breast tumor cells

was biphasic [5–7].

Licorice root is also used as flavoring and sweet-

ening agents for tobaccos, chewing gums, candies,

toothpaste and beverages [8]. The genius of licorice

widely discussed in the western part of the world is the

Glycyrrhiza glabra which is indigenous to Turkey,

Spain, Iraq, Turkey, Russia and North China. Glycyr-

rhiza uralensis is indigenous to Northern China,

Mongolia and Siberia. The content of G. uralensis is

totally different from that of G. glabra in result of

HPLC profiles [9]. Most work has been concentrated

on the active components and extracts of G. glabra in

terms of chemoprevention activities [10–13]. Recent

research has focused on the activities of extracts of the

roots of Chinese licorice G. uralensis. The CHCl3,

EtOAc, C6H14 and CH3OH–H2O (70:30) extracts of

G. uralensis induced apoptosis in a dose- and time

dependent manner by possibly by mediating cleavage
of PARP, up-regulation of Bax and cleavage of Bcl-2

in MCF-7 human breast cancer cells [14].

Licochalcone-A of licorice root of G. glabra

induced apoptosis in MCF-7 and HL-60 cell lines, as

demonstrated by PARP cleavage, the substrate of ICE-

like protease [10]. Isoliquiritigenin of licorice root of

G. glabra is widely suggested as a candidate agent for

the treatment of prostate cancer [11]. The DNA

damage response gene GADD153 may play an

important role in isoliquiritigenin-induced cell cycle

arrest and cell growth inhibition [11]. Tamir et al. [12]

studied the effect of glabridin from G. glabra on the

growth of breast tumor cells and found that there was a

biphasic. Glabridin showed an estrogen receptor-

dependent, growth-promoting effect at low concen-

tration (10 nM–10 mM) [12]. Low and intermediate

concentrations of G. glabra derived isoliquiritigenin

induced substantial transcriptional activity stimulate

the proliferation of MCF-7 cells [13]. In the present

study, the unknown properties of Chinese licorice root

G. uralensis were investigated by comparing their

ability to the human ER and their effect on estrogen-

responsive human breast cancer MCF-7 cells over a

broad range of concentrations. Our results show that

the 80% ethanol extract of licorice root of the genius

G. uralensis has estrogenic activity and anti-prolif-

erative activity on MCF-7 human breast cancer cell.
2. Material and methods

2.1. Materials

Licorice roots were purchased from Kyungdong

oriental medicine market, Seoul, Korea. The fresh

fruiting bodies of licorice root (Glycyrrhiza uralensis)

were washed, disintegrated, and extracted with CH3-

CH2OH (EtOH): H2O (100:0; 80:20; 60:40; 40:60;

20:80; 0:100) for 3 h. The crude extracts obtained

were then subjected into silica gel chromatography

and these elutes were evaporated to dry with a rotary

evaporator.

2.2. Recombinant yeast cells

The Saccharomyces cerevisiae ERCLYS 8127

were gifted from Dr. Donald P. McDonnell (Duke

University Medical Center, USA). The yeast cells
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were grown in a shaking incubator at 30 8C with

300 rpm in a selective growth medium containing

yeast nitrogen base without amino acid (67 mg/ml),

1% dextrose, L-lysine (36 mg/ml), L-histidine

(24 mg/ml). Following two days culture, the yeasts

were then allowed to grow until OD values at 600 nm

reached between 1.0 and 2.0.

2.3. Yeast growth for the estrogenicity assay

The procedures were slightly modified from the

method described previously [15]. For the estro-

genicity assay, the yeast cells were diluted to an

OD600nm value of 0.03 in selective medium plus

50 mM CuSO4 to induce receptor production. The

diluted yeasts were aliquoted into 50 ml conical tube

(5 ml/tube) and 5 ml of licorice root extracts,

ethanol(vehicle control) and E2(positive control)

were added. The cultures were incubated for 18 h

in a shaking incubator at 30 8C with 300 rpm. After

incubation, the yeast culture samples were diluted in

the appropriate selective medium to an OD600nm

value of 0.25 and 100 ml was added to each well of

a 96-well microtiter plate. Each sample was assayed

in quadruplicate. b-Galactosidase activity was

induced by the addition of 100 ml of a Z buffer

(60 mM Na2 HPO4, 40 mM NaH2 PO4, 10 mM

KCl, 1 mM MgSO4, pH 7.0) containing 2 mg/ml 0-

nitrophenyl-b-D-galactopyranoside (ONPG), 0.1%

sodium dodecyl sulfate, 50 mM b-mercaptoethanol,

and 200 U/ml oxalyticase (Enzogenetics, Cornavil-

lis, OR). The OD420nm and OD590nm values of each

well were measured by using Titertek Multiscan

MCC/344 plate reader after allowing the tube to

stand for 20 min. The OD420 nm value of each well

was corrected by subtracting the OD590 nm value.

2.4. Cell culture and treatment with licorice root

MCF-7 cells (ATCC) were cultured in D-media

(EMEM containing 50% increase of all essential

amino acids except glutamine, 50% increase of all

vitamins and 100 increase of all non-essential amino

acids) supplemented with 5% FBS (fetal bovine

serum; Gibco Laboratories, USA) and 3 ml/l PSN

(penicillin/streptomycin/ neomycin) antibiotic mix-

ture (Gibco Laboratories, USA). Exponentially grow-

ing cultures were maintained in humidified
atmosphere of 5% CO2 at 37 8C. The stock solutions

of licorice root (100 mg/ml) were dissolved in 80%

ethanol, and the experimental concentrations were

prepared in the basal medium with a final 80% ethanol

concentration of 0.1%.

2.5. Cell proliferation assay

Cell proliferation was determined by the MTT

assay as described [16]. In brief, the cells were

seeded in 96-well microplates and incubated over-

night. Then the cells were treated with different

concentrations of the licorice root extracts or its

vehicle, ethanol (0.1%) for 24, 48 or 72 h. At the

end of periods, 20 ml of MTT stock solution (5 mg/

ml, Sigma) were added to each well and the plates

were further incubated for 4 h at 37 8C. The

supernatant was removed and 100 ml of DMSO

were added to each well to solubilize the water

insoluble purple formazan crystals. The absorbency

at a wavelength of 570 nm was measured with

Multiscan MCC 340 microplate reader (Titertek,

USA). All the measurements were performed in

triplicate. Results were expressed as the percentages

proliferation with respect to vehicle-treated cells.

2.6. Apoptosis assay

The apoptotic effect of the licorice root extracts on

MCF-7 cells were analyzed by nuclear DNA staining

and DNA fragmentation assay. For nuclear DNA

staining, control and compound-treated cells were

fixed in 4% paraformaldehyde in PBS for 20 min,

washed with PBS, then stained with Hoechst 33258 at

1 mg/ml in PBS for 15 min. Stained cells were washed

twice with PBS. The changes in nuclei were observed

with a fluorescent microscope (Olympus, USA)

through UV-filter.

2.7. Cell cycle analysis

MCF-7 cells in exponential phase of growth were

treated with the extract of licorice root (50 mg/ml) for

24 and 48 h, then harvested by trypsinization, and

washed twice with ice-cold PBS and fixed by 70%

ethanol at K20 8C for at least 30 min. The fixed cells

were then washed twice with ice-cold PBS and stained

with 50 mg/ml of propidium iodide in the presence of
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100 mg/ml RNase A for 30 min. Cell cycle distri-

bution was analyzed by using FACSCalibur (Bec-

ton&Dickinson, USA). Data from 10,000 cells per

sample were collected and analyzed by using the Cell

Fit Cell analysis program.
2.8. Western blot analysis

MCF-7 cells were grown in a 10 cm dish, and

when cell density reached 80–90% confluence, cells

were treated with the extract of licorice root

(100 mg/ml) for the indicated times. The cells

were then washed once with ice-cold PBS and

lysed with lysis buffer (20% SDS containing 2 mM

phenymethylsulgonyl fluoride, 10 mM iodoacetoa-

mide, 1 mM leupeptin, 1 mM antipain, 0.1 mM

sodium orthovanadate and 5 mM sodium fluoride).

The lysates were sonicated three times at 10 s

intervals, aliquoted and stored at K20 8C. The

protein concentration was determined by the Bio-

Rad DC protein assay (Bio-Rad Laboratories,

USA). Equal amounts of protein (20 mg/lane)

were subjected to 12% SDS-PAGE and transferred

to a nitrocellulose membrane. The membranes were

subsequently incubated with the corresponding

primary antibodies, as indicated: a anti-PARP

monoclonal antibody (Santa Cruz, CA), a anti-

Bcl-2 monoclonal antibody (Santa Cruz, CA); a

anti-Bax antibody (Sigma), a anti-caspase-7 anti-

body (Santa Cruz, CA), a anti-p53 antibody (Santa

Cruz, CA), a anti-cdk2 antibody (Santa Cruz, CA),

a anti-cyclin E antibody (Santa Cruz, CA), a anti-

E2F-1 antibody (Santa Cruz, CA). Antibody

recognition was detected with the respective

secondary antibody, ether anti-mouse IgG, or anti-

rabbit IgG antibodies linked to horseradish peroxi-

dase (Zymed Laboratories Inc, CA). Antibody-

bound proteins were detected by the ECL western

blotting analysis system (Amersham Pharmacia

Biotech UK Limited).
Fig. 1. Estrogenicity of the ethanol extracts of licorice root in

YER assay. Test materials were added to yeast cultures at

concentration 100 mg/ml. The induction of b-galactosidase

activity was determined by OD420nm. Values represent the

meanGSD of three separate experiments for each material.

Significant differences from vehicle (0.1% EtOH) are indicated;

*P!0.05 by ANOVA.
2.9. Statistical analysis

The data were expressed as the meanGSE.

Analyses were performed using SPSS statistical

software. When ANOVA revealed P!0.05, the data

were further analyzed by Sheffe’s multiple range tests.
Differences were considered statistically significant at

P!0.05.

3. Results

3.1. Estrogenic activity of the ethanol extracts

of licorice root in recombinant yeast assays

A two-plasmid system consisting of human

estrogen receptor (hER)-expression plasmid con-

taining estrogen response element (ERE) was

employed to study the estrogenic property of

licorice root extracts. The reporter gene, b-

galactosidase was expressed depending on the

ligand-dependent transactivation. Treatment with

increasing concentrations of the solvent, ethanol

with licorice root induced a concentration-depen-

dent increase in b-galactosidase activity in the

yeast (Fig. 1). The activity of 80% ethanol extract

of licorice root was maximum and similar to E2

(10K8 mM). These 100%, 80%, 60%, 40% and

20% ethanol extracts of licorice root had strong

estrogenic activities while 0% ethanol extract of

licorice root did not induce estrogenic activity

compared with the control.



Fig. 2. Inhibition of proliferation by various ethanol extracts of

licorice root. Cells were treated with 100 mg/ml concentration of

test materials for 72 h, and cell viability was determined by the

MTT assay. Results are expressed as percentages proliferation

compared with untreated control (meanGSE, nZ3). Significant

differences from untreated control are indicated; *P!0.05 by

ANOVA.

Fig. 3. Inhibition of proliferation by the 80% ethanol extract of

licorice root. Cells were treated with various concentrations of test

materials for 72 h (A) and 100 mg/ml concentration of test

materials for various exposure time (B). Cell viability was

determined by the MTT assay. Results are expressed as

percentages proliferation compared with untreated control

(meanGSE, nZ3). Significant differences from untreated control

are indicated; *P!0.05 by ANOVA.
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3.2. Ethanol extracts of licorice root inhibited

proliferation of MCF-7 cells

To evaluate the effects of licorice root extracts on

the growth of MCF-7 cells, the cells were treated with

licorice root extracts (100 mg/ml) of various solvent

concentrations for 72 h. Fig. 2 shows that 100% and

80% ethanol extracts of G. uralensis licorice root

inhibited the proliferation, while the others induced

the proliferation of MCF-7 cells. After 72 h of

treatment, 80% ethanol extracts caused nearly a

60% inhibition of cell growth compared with control.

The potential biphasic responses of the extracts were

evaluated using a concentration range 6.25 mg/ml-

400 mg/ml (Fig. 3(A)) on MCF-7 cells. At concen-

trations 6.25–25 mg/ml, the 80% ethanol extract of

G. uralensis licorice root had no effect on the growth-

promoting activity, but interestingly a dose-dependent

effect was observed at concentrations above 50 mg/ml.

The anti-proliferation activity of the 80% ethanol

extract of G. uralensis licorice root assessed at

100 mg/ml concentration, was indeed time-dependent

manner (Fig. 3(B)).
3.3. Ethanol extract of licorice root induced apoptosis

in MCF-7 cells

The ability of the 80% ethanol extract of G.

uralensis licorice root to induce apoptosis in MCF-7

human breast cancer cells was assessed using Hoechst

33258 staining (Fig. 4). The cells shrank, turned

around, and had a relatively smaller volume than

control cells. It was clear that apoptosis was induced

in MCF-7 cells within 48 h.



Fig. 4. Detection of apoptotic morphological changes in MCF-7 cells treated with the 80% ethanol extract of licorice root at concentration

100 mg/ml. Nuclei were stained with Hoechst 33258 and examined by fluorescence microscopy. (A) Control; (B) treated with the 80% ethanol

extract of licorice root for 48 h. Arrows indicate chromatin condensation and nuclear fragmentation.
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3.4. Effects of the ethanol extract of licorice root on

the levels of Bax and Bcl-2 in MCF-7 cells

In order to explore the potential signaling pathways

with which the extract induced apoptosis, Western

blotting analysis was used to evaluate the expression

of the genes for the d transcription factor p53 and the

Bcl-2 family of proteins. The Bax protein level was

increased up to 48 h after treatment and remained

elevated up to 72 h. No change was observed in

protein expression of Bcl-2 (Fig. 5).
Fig. 5. Effects of the 80% ethanol extract of licorice root on

expression of Bcl-2, Bax, PARP and caspase-7 proteins. Cells were

treated with 80% ethanol extract of licorice root for indicated times.

Total cellular proteins were prepared and western blot were

performed with an antibody specific for corresponding proteins.
3.5. Effects of the ethanol extract of licorice root on

the PARP cleavage and caspase-7 dependency in

MCF-7 cells

The expression of caspase-7 was examined by

western blot analysis. As shown in Fig. 5, the 35 Kd

proenzyme caspase-7 was cleaved to its active 20 Kd

form after treatment with the 80% ethanol extract of

G. uralensis licorice root in a time-dependent manner.

The 116 Kd PARP protein was cleaved to 85 Kd

fragment in a time-dependent manner and up to a

maximum at 72 h. But, it just appeared PARP
degradation fragments which did not lead to a

persistent fragment.
3.6. Ethanol extract of licorice root induced cell cycle

arrest at G1 phase in MCF-7 cells

Given that the licorice root extract decreased cell

proliferation and induced cell death, its effect on cell



Table 1

Cell viability and DNA profiles of MCF-7 cells after exposure to 50 mg/ml for 24 and 48 h

24 h untreated 24 h licorice root 48 h untreated 48 h licorice root

% Apoptosis 1.47G0.083 0.99G0.025a 2.20G0.081 9.75G0.144a

% G1/S phase 38.90G0.517 52.29G0.470a 39.05G0.350 41.38G1.650a

% G2/M phase 33.67G0.523 34.85G0.419 36.16G0.292 40.58G0.400

a Significant difference with untreated group (P!0.05).
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cycle distribution was assessed by flow cytometry. As

shown in Table 1, cells accumulated in the G1 phase

with the number of cells increasing in 24 and 48 h

compared to untreated cells after treatment with the 80%

ethanol extract of G. uralensis licorice root extracts.
3.7. Effects of the ethanol extract of licorice root on

the expressions of p21 cyclin E, cdk2 and E2F-1 in

MCF-7 cells

The p53 protein expression was increased 24 h

after treatment and remained elevated up to 72 h

(Fig. 6). The p53-target gene, p21waf1/cip1, is the key

player in G1 arrest. The p21waf1/cip1 was also

increased 24 h after treatment and remained elevated

up to 72 h (Fig. 6). The effect of the 80% ethanol

extract of G. uralensis licorice root on G1 arrest in

MCF-7 cells was evaluated by Western blotting and

using cyclin E, cyclin-dependent protein kinase 2

(cdk2) and transcription factor E2F-1. Indeed the

levels of cyclin E, cdk2 and E2F-1 were decreased in a

time-dependent manner (Fig. 6).
Fig. 6. Effects of the 80% ethanol extract of licorice root on

expression of p53, p21, E2F-1, cdk2 and cyclin E in MCF-7 cells.

Cells were treated with 80% ethanol extract of licorice root for

indicated times. Total cellular proteins were prepared and western

blot were performed with an antibody specific for corresponding

proteins.
4. Discussion

This study investigated the antiproliferative activity

of the ethanolic extract of G. uralensis licorice root in

MCF-7 human breast cancer cells. We have chosen

hormone-dependent cell line, MCF-7, because this cell

line is ER-positive. In previous study, CHCl3, EtOAc,

C6H14 and CH3OH–H2O (70:30) extracts of G.

uralensis licorice root was found to exert anti-

proliferative activity in this cell line [14].

Although the estrogenic activity of the licorice root

of the genius G. glabra has been the subject many

investigations [10–13], little is known about estrogenic

activity and their mechanisms of the Chinese licorice

root (G. uralensis). The chalcone isoliquiritigenin
is a component of G. glabra extract exhibiting estrogen

receptor (ER) -dependent growth promoting effects on

breast cancer cells [13]. Glabrene and isoliquiritigenin

in the G. glabra extract can bind to the human ER with

higher affinity (IC50, 1 and 0.5 mM) than glabridin

(IC50, 5 mM). The stimulatory effects of glabrene in

vivo were tissue specific and similar to those of

estradiol [17]. So, the effect of increasing concen-

trations of glabrene and isoliquiritigenin on the growth

of breast tumor cell was biphasic.

However, the effect of ethanol extract of Chinese

licorice root (from 6.25 to 400 mg/ml) was not

concentration-dependent biphasic on the proliferation

of MCF-7 breast cancer cell. One explanation is that

there was cell growth arrest through up-regulation of

p53 and p21waf1/cip1, down-regulation of cdk2, cyclin

E and E2F-1, and inducing apoptosis through

increasing Bax protein expression and activation of

caspase-7. Indeed the p21waf1/cip1 plays a direct role in
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mediating p53-induced G1 arrest and p53 is its

transcription factor. Whereas p53 is mutated in 20–

40% of human breast cancers, p21waf1/cip1 is mutated

in relatively few [18–20]. Therefore, relative pheno-

typic expression of p21waf1/cip1 and p53 appears to be

important in breast cancer where tumors expressing

both genes were less aggressive than those expressing

only one [21]. The cdks exist predominantly in

quaternary complexes consisting of a cdk, a cyclin,

a proliferating cell nuclear antigen (PCNA), and the

p21waf1/cip1 [22]. Moreover, estrogen activates cyclin

E-cdk2 complexes and cyclin D1-cdk4 complexes,

substantially preceding entry into S phase [23]. The

cell cycle phase-specific of the effects of estrogens on

proliferation and differentiation has focused attention

on the role of estrogens and their receptors in

regulating processes controlling the en try into,

progression through, and exit from the G1 phase of

the cell cycle [24]. In contrast, the cyclin E-cdk2 has a

particularly important role in estrogen-induced cell

cycle progression. Recent studies have shown that

licorice root (G. glabra) can inhibit cell growth by G2/

M cell cycle arrest in breast and prostate tumor cells

[25]. Results reported here are consistent these

previous reports. Thus the ethanol extract of Chinese

licorice root G. uralensis was also capable of inducing

cell cycle arrest at G1 phase in MCF-7 cells. Further

mechanistic study suggested that this process might

be mediated through up-regulation of p21waf1/cip1 and

down-regulation cyclin E, which inhibited or inacti-

vated cdk2 and may be led to the dephosphorylation

of Rb. This is turn resulted in the inactivation of the

transcription factors E2F involved in the expression of

genes required for DNA synthesis and cell cycle

progression. The estrogenic effect of the G. uralensis

licorice ethanolic extract could be serving as an

estrogen receptor agonist in MCF-7 breast cancer

cells. The possible molecular interaction are currently

being evaluated, a process that will be facilitated by

use of isolated compounds from the Chinese licorice.

Apoptosis is regulated by members of the Bcl-2

family [26], which acts upstream of a family of

cysteine proteases known as the interleukin-1 con-

verting enzyme (ICE) protease family, which are

often called caspases [27]. The result presented

clearly demonstrated an up-regulation of Bax, a

member of Bcl-2 family. The dysregulation of

apoptosis contributes to the pathogenesis of breast
cancer, at least in part, due to an imbalance between

Bcl-2/Bcl-x and Bax [28]. The apoptosis-promoting

Bax protein led to mitochondrial dysfunction and the

release of cytochrome c from the mitochondria. The

released cytochrome c then interacts with specific

adapter, such as Apaf-1, which in turn prototypically

converts procaspases to active caspases [16]. The key

of next step was the members of the ICE family of

cysteine proteases, which cleaves several substrates

including the PARP, a nuclear enzyme involved in

DNA repair and maintenance of genome integrity and

post-translational ribosylation of proteins, whereby

apoptosis occurs [29]. Indeed caspase-3, caspase-6

and caspase-7, have been implicated in the execution

phase of apoptosis. Caspase-3 did not express in the

MCF-7 cell lines however. Our results demonstrated

that the licorice root ethanol extract induced the

activation of caspase-7 in MCF-7 human breast

cancer cell. An inactive caspase-7 precursor was

cleaved to form the active protease 20 Kd during

apoptosis. This occurred PARP degradation frag-

ments. It could be hypothesized that PARP degra-

dation continues after its first cleavage.

In conclusion, ethanol extract of Chinese licorice

root G. uralensis inhibits cell proliferation through

up-regulation of p53 and p21waf1/cip1 and down-

regulation cyclin E and cdk2, and induces apoptosis

through overexpression of Bax in MCF-7 human

breast cancer cells. Thus extracts of the root of the

Chinese licorice G. uralensis has anti-tumor effect

which is mediated through G1 arrest and apoptosis in

MCF-7 human breast cancer in vitro system. Further-

more, these results suggested that ethanol extract of

licorice root of G. uralensis might have a beneficial

effect on the treatment of estrogen-related disease

such as heart and blood vessel disease, osteoporosis,

bone loss and cognitive decline without breast cancer

risk. The clinical implications of these observations

needs to be established through trials to assess the

bioefficacy of the phytoestrogens and to understand

the potential pharmacokinetics of the use of the

Chinese licorice G. uralensis.
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