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ABSTRACT
Pueraria flower extract (PFE) is a hot water extract of the Kudzu flower (Pueraria thomsonii). Tea made from dried
Kudzu flower is widely used in China, and PFE is utilized as a nutritional supplement in Japan. PFE contains unique
isoflavones such as 6-hydroxygenistein 6,7-di-O-glucoside (6HGDG), tectorigenin 7-O-xylosylglucoside (TGXG), and
tectoridin. 6HGDG is known to be metabolized into 6-hydroxygenistein, and TGXG and tectoridin are known to be
metabolized into tectorigenin in the digestive tract. Isoflavones typically mimic the effects β-estradiol has on estrogen
receptors (ERs) and may influence the female genital system in the case of excessive intake. As a result, the upper limit
of safe daily consumption of soy isoflavones has been enforced in Japan. In the present study, ER-binding assays were
performed using the EnBio estrogen receptor/cofactor assay system to compare the estrogenic activity of 6-hydroxygenistein and tectorigenin to that of the soy isoflavone genistein. In addition, uterotrophic bioassays were performed to
investigate the estrogenic effects of PFE in vivo. The ER-binding assays revealed that the ER-binding affinities of
6-hydroxygenistein and tectorigenin were approximately 0.01 - 0.04 that of genistein. Soy isoflavone products also induced an increase in uterine wet and blotted weight at doses of 500 mg/kg and 1000 mg/kg, whereas PFE did not cause
adverse estrogenic effects, even at a dose of 1000 mg/kg. Based on these results, PFE does not appear to contain compounds with strong estrogenic activity or cause adverse estrogenic effects in vivo. Importantly, the results of this study
confirm the safety of PFE as a food supplement.
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1. Introduction
Pueraria flower extract (PFE) is a hot water extract of
the Kudzu flower (Pueraria thomsonii). Kudzu is a leguminous plant that grows in Japan, China, and other
countries. The Kudzu flower is frequently used in traditional Chinese medicine for counteracting symptoms associated with alcohol use, liver injury, and menopause. In
China, tea made from dried Kudzu flowers is widely
consumed [1], and PFE is consumed as a nutritional supplement for the treatment of hangovers and obesity in
Japan. We previously reported that PFE exerts anti-obesity effects in humans and mice fed high-fat diets [2-4].
In addition, we also reported that the isoflavone-rich
*
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fraction of dietary PFE exhibits anti-obesity effect in
mice fed high-fat diets [5].
The following isoflavones are found in the Kudzu flower
but not in soy: 6-hydroxygenistein 6,7-di-O-glucoside
(6HGDG), tectorigenin 7-O-xylosylglucoside (TGXG),
tectoridin, genistin, glycitin, tectorigenin, genistein, and
glycitein [5]. Among these isoflavones, 6HGDG, TGXG,
tectoridin and tectorigenin, which comprise nearly 90%
of the isoflavones in the Kudzu flower, are present in
PFE. Previous studies have shown that the hydrolysis of
the sugar moiety is required for isoflavone bioavailability
and that isoflavone glycosides are not absorbed intact
across the enterocyte in healthy adults [6]. When cultured
with enteric bacteria, tectoridin and TGXG are metabolized into tectorigenin and 6HGDG is metabolized into
PP
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the aglycone isoflavone 6-hydroxygenistein [7,8]. Consequently, the major isoflavones in PFE are likely to be
absorbed into the bloodstream in the forms of tectorigenin and 6-hydroxygenistein.
Isoflavones are polyphenolic compounds that are capable of exerting estrogen-like effects. For this reason,
isoflavones are classified as phytoestrogens. Due to their
conformational similarity to β-estradiol, isoflavones exbihit similar effects on estorogen receptors (ERs). Phytoestrogens have recently received great attention because of their beneficial effects, including the prevention
of atherosclerosis [9], and bone density loss [10]. However, the consumption of relatively high levels of some
phytoestrogens has been shown to increase the risks of
breast cancer [11], endometrial hyperplasia [12], and reproductive toxicity [13]. A previous study demonstrated
that the high binding affinities of select isoflavones is
associated with the structural properties of these molecules. For example, the binding affinities of select molecules for ER-α and -β were observed in the following
order: genistein > daidzein > biochanin A > glycitein >
formononetin A (ER-α); and genistein > glycitein >
daidzein > formononetine > biochanin A (ER-β) [14].
Based on these results, soy isoflavones, especially genistein are thought to exhibit strong estrogenic activity. In
2006, the Food Safety Commission of Japan announced
their recommendations concerning the consumption of
soy isoflavones, and the upper limit of safe daily consumption of soy isoflavones was set to a total of 75
mg/day as aglycones and 30 mg/day as supplements in
Japan.
For these reasons, the estrogenic activity of isoflavones commonly in foods should be investigated. Especially, to obtain the relative estrogenic activities against
soy isoflavone is thought to be valuable. PFE is widely
used in China and Japan, but there are no reports about
the relative estrogenic activity of PFE in vivo. ER-binding assays are frequently used to compare the estrogenicity of compounds (Zacharewski, 1998), and uterotrophic
bioassays are in vivo screening assays used to evaluate
the ability of a chemical to elicit estrogenic activities
consistent with agonists or antagonists of natural estrogens (e.g., β-estradiol). In this study, we conducted ERbinding assays to investigate the relative estrogenic activities of 6-hydroxygenistein and tectorigenin, the aglycone forms of PFE’s major isoflavones as well as uterotrophic bioassays to investigate the estrogenic effects of
PFE in vivo.

Japan). PFE contains TGXG (8.5%), tectoridin (4.6%),
6HGDG (3.4%), tectorigenin (0.9%), genistin (0.3%),
glycitin (0.2%), glycitein (0.1%), and genistein (0.1%).
Quantitative analysis methods of isoflavones in PFE have
been reported by Kamiya T. et al. [5]. Soy isoflavone
product (SOY) was obtained from Nippon Bulk Yakuhin
Co., Ltd. (Osaka, Japan). SOY contains 42.7% isoflavones (daidzein, daidzin, and a daidzin derivative, 23.3%;
genistein, genistin, and a genistin derivative, 5.6%; glycitein, glycitin, and a glycitin derivative, 13.2%). The dietary soy isoflavone-aglycone (aglycone equivalent) testing method (see Food Safety Notification No. 0823001,
August 23, 2006 for guidelines regarding the handling of
select health foods, including soy isoflavones) was used to
perform a quantitative analysis of isofla- vones present in
SOY. Tectorigenin, 6-hydroxygenistein, and genistein
were purchased from Tokiwa Phytochemi- cal Co., Ltd.
(Chiba, Japan). Equol was purchased from ChromoDex,
Inc (California, USA), and ethinylestradiol was purchased from Tokyo Chemical Industry Co., Ltd. (Tokyo,
Japan). Figure 1 shows the chemical structures of Kudzu
isoflavones.

2.2. ER-Binding Assays
The binding affinity of phytoestrogens to ER-α and -β
was measured using the EnBio estrogen receptor cofactor
assay system according to the manufacturer’s protocol
(EnBio Tec Laboratories, Japan). Briefly, we added biotinylated coactivator peptide to an avidin-coated plate and
incubated the plate for 1 h at room temperature. We
mixed estrogenic compounds, such as β-estradiol (provided by the manufacturer), tectorigenin, 6-hydroxygenistein, genistein, and equol with recombinant human ERα and -β. Then, the mixtures of ER-α and -β were added
to the biotinylated coactivator-coated plates, which were
subsequently incubated for 1 h at room temperature. After washing the plate three times with the wash buffer
provided by the manufacturer, anti-ER-α and -β antibodies linked to HRP were applied to each well. After incu-

2. Materials and Methods
2.1. Experimental Materials
PFE was purchased from Ohta’s Isan Co. Ltd. (Ibaraki,
Copyright © 2013 SciRes.

Figure 1. Chemical structures of tectorigenin 7-O-xylosylglucoside (TGXG), tectoridin, tectorigenin, and 6-hydroxygenistein 6,7-di-O-glucoside (6HGDG).
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bating the mixture for 30 min at room temperature, the
plate was washed three times and a 3,3’,5,5’-tetramethylbenzidine substrate solution was added. The absorbance of each well was measured at 450 nm using a Powerscan HT (DS Pharma Biomedical Co., Ltd., Japan).

2.3. Uterotrophic Bioassays
Uterotrophic bioassays were performed in accordance
with the OECD Guidelines for the Testing of Chemicals
(Uterotrophic bioassays in rodents. a short-term screening test for oestrogenic properties; No. 440, adopted on
October 16, 2007). All procedures involving animals
were performed in accordance with the guidelines for the
animal experiments at CERI Hita according to Laboratory Animal Science (1987) by the American Association
for Laboratory Animal Science and were approved by the
Ethical Committee of the Chemicals Evaluation and Research Institute (Oita, Japan). Briefly, female SpragueDawley rats ovariectomized at the age of 6 weeks were
purchased from Japan SLC Inc. (Sizuoka, Japan) at the
age of 7 weeks. After being acclimated for 1 week, each
Sprague-Dawley rat was weighed and assigned to one of
eight groups in order for each group to have a uniform
mean body weight. Rats were given daily po injections of
either purified water (vehicle control), PFE (250, 500,
and 1000 mg/kg), SOY (250, 500, and 1000 mg/kg), or
s.c. injections of ethinylestradiol (EE, 0.6 μg/kg; positive
control) for 7 days. At the end of treatment, the rats were
sacrificed, and each uterus and vagina was removed. The
wet and blotted uterus weights were measured, and macroscopic examinations of the uterus and vagina were
performed.
Data were expressed as the mean ± SD. The body and
uterus weights were initially analyzed using Bartlett’s
test of homogeneity of variance. When the results were
determined to not be significant, one-way ANOVA was
performed. After statistically significant differences were
determined, a post-hoc pairwise comparison was performed using Dunnett’s test, in which vehicle control
groups were compared to either PFE or SOY groups.
When the results of Bartlett’s test were significant, treated
and control groups was compared using the KruskalWallis test and non-parametric type Dunnett’s test. For
comparisons between vehicle and positive control groups,
the body and uterus weights were initially analyzed using
the F-test. When the results of the F-test were not significant, a student’s t-test was performed. However, when
the results of the F-test were determined to be significant,
the Aspin-Welch’s t-test was subsequently performed.
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in Figure 2. Table 1 lists the EC50 values of each chemical and their relative binding affinities. The binding affinities for ER-α and -β were observed in the following
order; β-estradiol > genistein > equol > tectorigenin > 6hydroxygenistein. The relative binding affinities of tectorigenin for ER-α and -β were 0.04 and 0.02 that of
genistein, respectively, and the relative binding affinity
of 6-hydroxygenistein to ER-α was 0.01 that of genistein.
However, an EC50 value for 6-hydroxygenistein could
not be determined with ER-β.

3.2. Uterotrophic Bioassays
There were no significant differences in the final body
weight among the groups (data not shown).

(a) ER-α

3. Results
3.1. ER-Binding Assay
The ER-binding curves for the 5 compounds are shown
Copyright © 2013 SciRes.

(b) ER-β

Figure 2. The ER-binding curves for the test substrates.
PP
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In this study, the non-observed adverse effect level
(NOAEL) of SOY was considered to be 250 mg/kg
(equivalent to 107 mg/kg soy isoflavones), and the lowest observed adverse effect level (LOAEL) was also considered to be 500 mg/kg in uterotrophic bioassays (equivalent to 214 mg/kg soy isoflavones). The soy isoflavone
genistein was reported to induce an increase in uterine
wet weight at a dose of 100 mg/kg [16]. The test substrate used in the present study was a soy isoflavone
mixture, which contained genistein, daidzein, and glycitein. The binding affinities of daidzein to ER-α and -β
was 0.27 and 0.03 that of genistein, respectively. In addition, the binding affinities of glycitein to ER-α and -β
were 0.15 and 0.03 that of genistein, respectively [14].
Notably, genistein exhibited the highest binding affinities
for ERs compared to those of other soy isoflavones.
Consequently, genistein can potentially induce increases
in uterine wet weight at comparatively low dosages.

In the both SOY groups (500 mg/kg and 1000 mg/kg),
the wet and blotted uterus weights were significantly
higher than those of the control group (Table 2). Additionally, macroscopic examination revealed that the thickening of the uterine wall was observed in SOY groups
(500 mg/kg and 1000 mg/kg: Table 3). On the other
hand, no abnormalities were observed in the uterine
weights and macroscopic examination of PFE groups
(250 mg/kg, 500 mg/kg, and 1000 mg/kg).

4. Discussion
The results of the uterotrophic bioassays demonstrate that
PFE cannot cause adverse estrogenic effects, even at a
dose of 1000 mg/kg/day, which is the limit dose designated in the current draft protocol by the OECD. On the
other hand, SOY appears to cause adverse estrogenic
effects when excessively consumed.

Table 1. Binding affinities of test substrates for human estrogen receptors-α and -β.
EC50

Relative binding affinity

ER-α

ER-β

vs β-Estradiol

vs Genistein

(mol/L)

(mol/L)

ER-α

ER-β

ER-α

ER-β

β-Estradiol

1.5 × 10−9

5.5 × 10−9

100.0

100.0

186.7

136.4

Genistein

2.8 × 10−8

7.5 × 10−9

5.4

73.3

100.0

100.0

−8

19 × 10−9

1.7

28.9

31.5

2.5

0.2

1.6

4.3

2.2

0.1

NC

1.4

NC

Equol
Tectorigenin
6-Hydroxygenistein

8.9 × 10
65 × 10

−8

340 × 10

200 × 10−8

−9

NC

Table 2. Results of absolute uterus weight.
Wet uterus (mg)
Control
PFE

SOY

EE

250 mg/kg

Blotted uterus (mg)

82.5 ± 9.6

81.2 ± 9.3

84.4 ± 24.5

82.8 ± 23.2

500 mg/kg

81.4 ± 7.4

80.4 ± 7.5

1000 mg/kg

90.5 ± 16.5

89.3 ± 16.7

250 mg/kg

92.8 ± 11.0

500 mg/kg

116.3 ± 18.9

**

114.7 ± 18.5

**

1000 mg/kg

160.2 ± 20.8

**

156.0 ± 21.7

**

321.8 ± 31.2

**

305.0 ± 22.7

**

0.6 μg/kg (s.c.)

91.6 ± 11.0

Data are expressed as the mean ± SD. The values marked with asterisks differ significantly from the control group (**p < 0.01).

Table 3. Summary of macroscopic examination.
Control
No abnormalities

PFE

SOY

EE

250 mg/kg 500 mg/kg 1000 mg/kg 250 mg/kg 500 mg/kg 1000 mg/kg 0.6 μg/kg (s.c.)

6

6

6

6

6

5

0

0

0

0

0

0

0

1

6

6

0

0

0

0

0

0

0

1

Uterus
Thickening of wall
Vagina
Retention of mucus in vaginal cavity

Copyright © 2013 SciRes.
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The respective binding affinities of the aglycone forms
of the major isoflavones in PFE, tectorigenin and 6-hydroxygenistein, for ERs were the following: ER-α, 0.04
and 0.01 that of genistein; and ER-β, 0.02 and 0.00 that
of genistein, respectively. The binding affinities of daidzein, glycitein, biochanin A, and formononetin for ER-α
were reported to be 0.27, 0.15, 0.16, 0.03 those of genistein, respectively, and the binding affinities of daidzein,
glycitein, biochanin A, formononetin for ER-β were 0.03,
0.03, 0.01, 0.02 those of genistein, respectively [14]. The
relative binding affinities of genistein to the ER-α and -β
in the present study were similar to the values previously
reported. Briefly, tectorigenin and 6-hydroxygenistein
have lower ER binding affinities compared to those of
daidzein and biochanin A. It is reported that daidzein and
biochanin A did not induce an increase in uterine wet
weight at doses within the range of 0.00001 - 1000
mg/kg in uterotropic bioassays [16]. In the present study,
PFE did not increase the uterine weight at a dose of 1000
mg/kg, because the major isoflavones in PFE only exhibit slight estrogenic activity.
Moreover, the present study suggests that PFE does
not contain compounds that exhibit strong estrogenic activity. The legume plant Pueraria mirifica has been reported to contain miroestrol and deoxymiroestrol [17],
and the extent of the estrogenic activity of these compounds are approximately 4 and 20 times higher than that
of genistein [18]. In particular, miroestrol promotes uterine and vaginal growth in the immature female mice [19],
and Pueraria mirifica influences menstrual cycles and
suppresses ovulation at doses of 10 mg/kg and 100 mg/day
in female monkeys [20]. Therefore, if PFE contains compounds that exhibit strong estrogenic effects, such as
miroestrol and deoxymiroestrol, PFE would have to be
administered at considerably low dosages to cause an
increase in uterine weight. In fact, we performed a comprehensive mass analysis of the components compriseng
PFE and miroestrol and deoxymiroestrol were not detected (unpublished data). Thus, our results confirm the
safety of PFE with regards to its estrogenic activity.
In conclusion, tectorigenin and 6-hydroxygenistein,
the major isoflavones of PFE exhibit weak estrogenic
effects. Therefore, PFE does not have the potential to
cause adverse estrogenic effects in vivo and lacks compounds that exhibit strong estrogenic activities. The results of this study further confirms the safety of PFE as a
food supplement.
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