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Q’e investigated the major leaf isoflavonoid
contents of Pueraria mirifica from three different
cultivars (PM-III, PM-1V, and PM-V) using reverse
RP-HPLC analysis. The proportions and net levels
of puerarin, daidzin, genistin, and daidzein in P
mirifica leaves were found to depend on the plant
cultivar and to correlate with cultivation tempera-
ture and rainfall amount. The crude leaf-extracts
were tested using the Yeast Estrogen Screen (YES)
assay with both human estrogen receptors (hERa
and hERP). Their estrogenic activity was higher
when determined by the YES system containing
hERp than that with hERa and was also higher
when the Asng2 than the wildtype yeast was
employed. The results open the possibility of select-
ing and cultivating certain P. mirifica cultivars at a
farm scale to produce a sufficient supply of leaf
material to act as a starting source for the commer-
cial scale extraction of these major isoflavonoids.

Key words: Pueraria mirifica; isoflavonoid; YES
assay; estrogenic activity

Isoflavonoids, one of the common types of phytoes-
trogens, are found in relative abundance in many forms
of edible legume seeds'? legume-derived foods™* and
dict@ supplements.” They are of increasing interest to
the food industry due to their potential health benefits,
including for the potential chemoprevention of can-
cers.” The recent establishment of several phytoestro-
gen databases illustrates the growing interest of the
food industry in phytoestrogens from natural sources
and their bioactivities.”

Soy isoflavonoids have been well studied, with most
of the results being obtained from daidzein and geni-
stein,®) which appear to harbor anti-cancer properties.”
However, a new source of isoflavonoids would promote
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the alternative production and consumption of such
chemicals from those new plant sources and relieve the
pressure on the currently limited amount of available
plant material and risks associated with sole large scale
monoculture pmductlcm]{]} or the in vitro culture of
plggs.'"”

ueraria mirifica Airy Shaw et Suvatabhandu 15 a
Thai indigenous legume herb with a long-term folk
medicinal consumption among Thai women for meno-
pausal treatment. The tuberous materials of the plant
revealed strong estrogenic effects in the MCF-7 prolif-
eration/antiproliferation,'’ uterotrophic'**'*¥ and Yeast
Estrogen Screen (YES)' test assays. Among the phy-
toestrogen-rich plant materials, the tubers of kudzu
(Pueraria lobata) are widely used in traditional Chi-
nese, Japanese, and Korean medicines,”’} whereas in
traditional Thai medicines the related P. mirifica is used
and has been extensively studied. P lobata has been
analyzed for the purpose of the potential development
of the plant products or chemicals for the benefit of the
food industry,'” whereas P. mirifica has been subjected
to long-term studies aestabhsh products for meno-
pausal treatment.'™'?) At present, these two plants are
used as the main botanical ingredients in cosmetic and
dietary supplement products.

The estrogenic activity in P mirifica was found to be
stronger than that in P lobata in the MCF-7 antiprolif-
cration,  uterotrophic, and  ovariectomized rat
assays;“‘m However, the analysis of P mirifica tubers
comed from wild plant populations over a vast area
in iland in comparison with that of P lobata col-
lected from China revealed that neither daidzin nor
genistin, which are the isoflavonoid glycosides derived
from daidzein and genistein, respectively, were the
major isoflavonoids in these plants, but rather puerarin
was.”> Accordingly, it is of interest to find out which

avonoids or other phytoestrogens, if any, might be
responsible for the beneficial effects observed in these

reviations: RP-HPLC, reverse phase high-performance liquid chromatography: P mirifica, Pueraria mirifica; YES, yeast estrogen screen; hER,

human est rogen r

tors; Es, 17p-estradiol; RT, room temperature; DMSO, dimethyl sulfoxide; SDA, medium supplemented with adenine; RP,

Relative Potency; SNQ2, Sensitivity o 4-NitroQuinoline-N-oxide; oNPG, ortho-nitrophenyl-B-galactoside; SEM, standard error mean; LOD, limit

of detection; NA, not applicable.
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assays, whilst the estrogen-like activity and long-term
folk medical use make P mirifica an interesting candi-
date as a potential phytoestrogen source for the devel-
opment of commercialized products. However, the
basic knowledge related to phytoestrogens, and espe-
cially the control of isoflavonoid synthetic pathways
and transport/storage within the plant, is still largely
unknown in this species.

In this study, we present the content levels for the
ve major isoflavonoids (puerarin, daidzin, genistin,
daidzein, and genistein) fromhe leaves of three differ-
ent farm-grown P. mirificqgggultivars (PM-III, PM-IV,
and PM-V) together with their estrogenic activity, as
analyzed by the YES assay involving the human estro-
gen receptors hERo and hERP. The use of leaves as
the isoflavonoid source has the potential advantage
over tubers in that the mature tubers need at least three
years cultivation to reach maturity, while the plant
leaves can be harvested monthly for 9 (cultivar PM-V)
to 11 (cultivars PM-III and PM-IV) months a year.
Thus, this research may open the possibility of intro-
ducing a new more economically viable plant source
material for natural isoflavonoid supply.

Materials and methods

Chemicals, biochemicals, and yeast strains.  The
1soflavonoid standards puerarin, genistin, daidzein, fn-
istein, and 17f-estradiol (E;) were purchased from
Sigma (St Louis, MO, USA), whereas daidzin was
purchased from FlukaBiochemika (Buchs, Switzerland).
The @Bzanic solvents for extraction (analytical grade)
and chromatography (HPLC grade) were purchased
from Merck (Germany). Water of over 16 M M{Ycm, a
component of the mobile phase of HPLC, was prepared

Maxima Ultra Pure Water Systems (ELGA). The
accharomyces cerevisiae expression strain Y190
(Clontech®™) (MATa, wra3-52, his3-A200, ade2-101,
trpl—901, leu2-3, 112, galdA gal80A, URA3::GAL;as-
lacZ, cyhr2, LYS2::GALyas-HIS3) containing the lacZ
reporter gene fused to GALyas in the chromosomes
was used as the host yeast. For the YES-hERa assay,
wildtype Y190 was transformed with the plasmid
pGBT9-hERaeLBD, encoding for amino acid residues
331-595 of the hERa fused to GAL4DBD, and
pGAD424-hTIF2, encoding for amino acid residues
624-1287 of the transcriptional intermediary factor
(TIF2) fused to GAL4AD. For the YES-hERP assay,
Y190 was transformed with pGBT9-hERBLBD, encod-
ing for amino acid residues 213-477 of the hER
fused to GAL4DBD, and pGAD424-hSRC]1, encoding
for amino acid residues 231-1094 of steroid receptor
co-activator 1 (SRC1) fused to GAL4AD.'™ In addi-
tion, the YES-hERaAsng2? and YES-hERPAsng2
systems were constructed from the YES-hERa and
YES-hERP systems as above except using the
Y190-Asng2 as the host strain in place of the wildtype
Y190 so as to increase the sensitivity of YES system.

Plant material.  The fresh mature leaves of the p
mirifica cul s (PM-II, PM-IV, and PM-V) were cul-
tivated in a field tral in the Banpong District of
Ratchaburi Province (E99°52°/N13°37°), Thailand, and

were collected every month from March 2007 to Febru-
ary 2008. The leaf morphology was distinctive between
cach @ the three cultivars, as previously reported.®”
The monthly record of daily mean temperatures and
rainfall in the Ratchaburi Province was provided by the
Meteorological Department, Ministry of Information
and Communication Technology, Thailand and is
shown in Fig. 1.

Extraction and tion.  The collected leaf sam-
ples were cleaned, dried in a hot air oven at 80 °C for
72 h, and subsequently ground into powder and filtered
through a 120-mesh-size sieve. A 50 g aliquot of the
leaf’ powder was extracted with methanol by vigorous
shaking (3 >< mL, 2h each, RT). After settling, the
supernatant was filtered (Whatman filter paper No.4,
Whatman, USA), and the pooled filtrates then evapo-
rated in vacuo (Buchi, Germany) at 37 °C. The residual
material was dissolved in 50 mL deionized water and
then partitioned in 1:1 (v/v) chloroform (3 times) to
remove the chlorophyll, harvesting the aqueous phase
that was then mixed at 1:1 (v/v) ratio with n-butanol (3
times). After phase separation the butanol phase was
harvested and evaporated in vacuo at 45 °C. The final
residue, referred to, as the crude leaf-extract was stored
at 4°C.

Reverse phase HPLC analysis.  The reverse phase
HPLC system, a Waters™ Auto Sampler (Waters-717),
controller (Waters-600) and photodiode array ctor
(Waters-2996), utilized a reversed phase C18 column
(250 x 4.6 mm) filled with 5 pm ODS2 (Waters Spheri-
sorb, Ireland), pre-filtered with a Waters Spherisorb S5
ODS2 (4.6 x 10 mm) guard ¢ e. The filter set was
Millipore membrane (0.45pm, I3 mm for the sample
and 47 mm for the mobile phase) of the HA type for
aqueous solutions and HV type for organic solvents.
The chromatography manager software was operated
with a personal computer. The crude leaf-extract (1 g)
was dissolved in methanol (1 mL) the aid of soni-
cation (30 min, RT), and then sequentially filtered
through Whatman No.1 filter paper and a 0.45 um (13
mm diameter) PTFE filter membrane. The isoflavonoid
analysis was then performed by reverse phase HPLC as
previously described'® with modfation. Elution was
performed with a linear gradient from 100:0 to 55:45
(viv) Wa (v/v) acetic acid: acetonitrile as the mobile
phase at a flow rate of 1 mL/min for 50 min, while the
eluate was monitored at OD,s,. The five major isofl-
avonoid standards were mixed at appropriate propor-
tions for use ihmmatogram peak area calibration
curves, and the comparison of their retention time with
the test samples was performed for identification, and
the peak area was derived for quantification using the
Empower”™ program. The analyses of samples were run
In triplicate.

YES assay. @ methodology was described in pre-
vious study.'” A stock solution of each crude leaf-
extract was freshly prepared as serial dilutions
(50-2,000 pg/mL) in DMSO. Standard compounds: Es,
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Fig. 1. The mean monthly temperature (°C) and rminfall amount’”

(MRkch 2007 to February 2008).
ata are shown as the mean+ S.EM.

genistein, and genistin were also prepared in DMSO in
dose ranges of 107'°~107*M, 10 5-10"* M, and 1075~
107* M, respectively, by using DMSO as a negative con-
trol. The highest concentration of DMSO m each dilu-
tion was 1% (v/v). The YES assay was performed as
gscribcd elsewhere'™ with modification as follows.
casts were grown in synthetic dextrose (ﬁ minimal
medium supplemented with adenine (SDA; 0.67% (w/v)
yeast nitrogen base without amino acids, 2% (w/v) glu-
cose, and 0.002% (w/v) adcnincglfatc] with vigorous
shaking overnight (30 °C). Then 50 uL of the overnight
culture was mixed with 200 pL of fresh medium
and 2.5puL of either crude leaf-extract (dissolved in
DMSO to the desired ¢ ntration), DMSO alone
(negative control), or E; ﬁo]veﬂ in DMSO to the
desired conce@fion; positive control) in a 1.5-mL
microtube and incubated at 30 °C for 4 h with shaking at
200 rpm. Thereafter, a 150 uL #4quot of the cultured cell
solution was transferred into a 96-well microplate for
measurement of the cell density at an ODggp. Another
aliquot (100 of the cell suspension was centrifuged
(10,000 % g, Smin) to pellet the cells that were then
resuspended in?l[l pL of Z-buffer (0.2 mg/mL Zymoly-
ase 100T in 0.1M sodium phosphate pH 7.0, 10
mMEKCI, | mM MgSO,, and 3.5 mMp-mercaptoethanol)
and incubated ar 15 min at 30°C. After centrifugation
(10,000 % g, 5min) the cell lysate (supernatant) was
recovered and incub: with 40 pL of substrate solution
(4 mg/mL oNPG) in 0. M sodium phosphate buffer pH
, for 30 min at 30 °C.*¥ The reaction was stopped by
the addition of 100 puL of 1M Na,CO d the cell
debris centrifugally removed (8,600 xg for 5 min).
Finally, 150 pL of the supematant was transferred into a
96-well microplate for measurement of the absorbance at
OD420 and ODssp to follow the grmation of the
ortho-nitrophenol (0-NP) product. One unit () of
B-galactosidase was defined in terms of Miller U as
follows:

Miller U = 1000 [ODax
— 1.75(0Ds350)] /[ODgeo (T) (V)]

where DD4_10resenrs the absorbance of the oNP
product, ODss, was the scatter from cell debris, which

fﬁ&@#@r“;@&&iﬁ:f&ﬁfﬂ

at Ratchabur province, including the field trial area. during the smdy period

when multiplied by 1.75 approxi@ffled the scatter
observed at ODyap, ODgey was the cell density at the
start of the assay, T was the reaction time (min), and ¥
the culture volume used in the assay (mL).

The data for p-galactosidase acaity (U) and the
concentration of tested samples were fitted using
the four parameters logistic dose-response model of the
GraphPad Prism software version 4 (GraphPad Soft-
ware Inc., USA), as a Sigmoidal dose-response (vari-
able slope), and the ECs; value calculated. The
Relative Potency™ of each crude leaf-extract was cal-
culaf) to allow direct comparison between samples,
and was calculated by dividing the obtained ECsq (ng/
ml) for E; by the ECs, of the test sample, and then
multiplying the value by 100. Thus, the RP value of E,
was always 100 as the reference standard.

Statistical an Statistical calculations were
carried out with the Statistical Packages for Social Sci-
ence (SPSS) are version 17.0 for Windows (SPSS
Inc., USA). Data are shown as the mean+1 S.EM.
and differences between means, for the isoflavonoid
contents of the crude leaf-extracts, [-galactosidase
activities, ECs,, and RP, were testegfor statistical sig-
nificance by the unpaired T-test, Pearson correlation
analysis, and Duncan's analysis of variance, accepting
significance at the level of p <0.05 and p < 0.01.

Results

Plant harvesting

The three cultivars of P mirifica produced abundant
numbers and masses of leaves for harvesting every
month, except when no or too few leaves were present
to harvest, which was in April for the PM-III cultivar,
March for the PM-IV cultivar, and February, March,
and April for the PM-V cultivar.

Crude leaf-extract yield

The different yields of the leaf crude extract obtained
for each of the three P mirifica cultivars over the
assayed year are summarized in Table 1 with highest
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Table 1. The leaf crude extract yields obtained (g/100 g leaf pow-
der) from each the three different P mirifica cultivars in each month
over the 12-month cultivation period (March 2007 to February 2008).

Crude leaf extract of P mirifica (/100 g leal
powder) (Means = S.EM.)

ﬁm PM-1II PM-IV PM.-V
arch 2007 1.41£0.44% NA NA

April 2007 NA 1542012 NA

May 2007 206036 241 £0.11° 196 £0.085<4
Tune 2007 270+ 1.4 2.11£042"  267+0.00¢
Tuly 2007 3.37+0.20°¢ 252:094" 234=0.08"
August 2007 126+ 013" 275£035" 282+0.03¢
September 2007 2.44 =0.31"¢ 180£0.24"  228+0.38°¢
October 2007 3.25+0.61° 167£043" 244+0.45°
November 2007 2.24+0.23° 1552026 094094
December 2007 2.59 + 1.06" 218010 083+0.83""
Tanuary 2008 2.69+029%  278+027" 127+0.84
February 2008 217054 263£045° NA

Total 223+0.18 202£0.15 146£0.20

MNotes: NA =not applicable because the plants shed their leaves for water

p«:wmmn during this month.

fata are shown as the mean + SEM, derived from nine i
abed

ent repeats.
represent groups of samples with statistically significant differences
(p=0.05) in each column as determined by Duncan’s analysis.

mean temperature in April and rainfall amount in May.
Within each month a significant variation in the crude
leaf-extract yield between the cultivars was evident
although cultivar PM-III typically had the highest
monthly yields (in 7/12 months) and the highest aver-
age vearly yield, whilst PM-V had the lowest monthly
(in 7/12 months) and yearly yield.

HPLC analysis

The five standard isoflavonoids were clearly sepa-
rated and distinct when analyzed by RP-HPLC with the
Ciz column and monitoring the ecluent at OD;gy
(Fig. 2). The HPLC resolution of the crude leaf-extract
of each P. mirifica cultivar was complicated, but resolu-
tion of the isoflavonoids was still clear with genistein
being absent in all three cultivars in all months of
growth. A representative example of HPLC traces
derived from samples harvested during January 2008 is
shown in Fig. 3.

The calculated amount of each isoflavonoid found in
each P mirifica cultivar over the 12-month cultivation
period (Fig. 4) revealed the highest mean total isoflavo-
noid content across all three cultivars was found in
June (41.7+4.0mg/100 g leaf powder) followed by
September (37.9+4.3 mg/100g leaf powder) but this
varied between the individual cultivars. Cultivar PM-V
had the highest total isoflavonoid contents in Septem-
ber (61.6+4.0mg/100 g powder), but for PM-II the
optimal month was June, while for PM-IV it was
equally optimal in April and August. Daidzin in the
PM-V cultivar was the most prevalent of the isoflavo-
noids, where the highest concentration was found in
June (50.6 +3.7 mg/100g powder), however, levels of
daidzin in the other two cultivars (PM-III and PM-IV)
were significantly lower in this and most other months.
In contrast, genistin levels were very low in the PM-V
cultivar ?ept in July (13.0£0.1 mg/100 g powder),
but was the isoflavonoid with the highest concentration
in the PM-IIl and PM-IV cultivars for seven and five
months, respectively, and with its levels being second
to those of daidzin in several other months. In contrast,
puerarin and daidzein remained at relatively low con-
centrations over all 12 months in all three cultivars.

The monthly rainfall level strongly correlated with,
and so potentially had a significant impact upon the
genistin content in the leaves cach month (p<0.05),
whilggghe temperature likewise strongly correlated with
the puerarin, daidzin, and daidzein contents (p <0.01)
in the PM-III cultivar (Table S1 in supplementary infor-
mation). In contrast, in the PM-V cultivar the rainfall
strongly correlated with the puerarin content (p <0.01)
and the temperature with the daidzin content (p<0.01).
Note, however, that in all four of the above correlations
an actual causation has yet to be established.

YES assay

Because the YES assay is a suitable and simple
method for the i vitro screening of estrogenic activity
that reduces the required time and provides an easy
means for monitoring compared with the in vive cancer
cell test, we employed this assay in this study using the
8. cerevisiae wildtype and Asng2Y190 yeast strains,

IS
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L] e ™ wo am

s

Fig. 2. HPLC Fingerprints of the five synthetic isoflavonoid standards of puerarin (25 mg/mL. RT = 14.35 min), daidzin (30 mg/mL, RT = 15.93
min), genistin (30 mg/mL, RT = 18.96 min), daidzein (25 mg/mL, RT = 2649 min), and genistein {50 mg/mL, RT =34 .64 min).
Profiles shown are representative of those seen from at least 27 independent trials.
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Fig. 3. HPLC fingerprints of the crude leaf-extract of P mirifica
cultivar (A) PM-IIL (B) PM-IV. and (C) PM-V, derived from samples
harvested during January 2008.

The profiles shown are representative of those seen from at least 27
independent trials, and from leaves harvested in the other months.

cach expressing part of cither the hERa or hERJ recep-
tor. If the compound binds to ligand binding domain
(LBD) of hER fused to DNA binding domain (DB) of
GAL4, it will turn on f-galactosidase, harboring
GALyas. The readout is then achieved by performing a
f-galactosidase assay through the conversion of oNPG
to oNP, which is monitored by absorbance of the oNP
at 420 nm and compared to that for E; as a positive
control and reference standard.'®

For the standardization of the YES-hER assay with
the wildtype and Asng2 yeast strains for the evaluation
of estrogenic activity, the ECsy values of E; in the
YES-hERw and YES-hERp assays (Table 2) were found
to agree fairly well (1.2-fold lower activity) with that
previously reported for YES-hERa (2.25 = 107! M), but
was some 51.3-fold less active than that reported before
for YES-hERP (2.3 x 107 '°M). In this study here, the
YES-hERw exhibited a 44.2-fold higher estrogenic activ-
ity than the YES-hERP system, whilst the

YES-hERoAsng2 assay exhibited a 283.6-fold higher
estrogenic activity than that in the YES-hERBAsng?2 sys-
tem. When the SNQ2 deletion was employed, the estro-
genic activity was significantly increased in both the
hERa and hERp based assays (Table 2). Thus, for E,
detection the sensitivity was 16.2- and 2.5-fold higher
for the YES-hERaAsng2 and YES-hERBAsng2 systems
compared to the YES-hERa and YES-hERp assays,
respectively, while for genistein and genistin the sensi-
tivity increased by 1.2- and 4.5-fold when evaluated by
YES-hERuAsng2 compared to YES-hER«, respectively,
and 11.3- and 8.0-fold higher, respectively, for the YES-
hERPAsng2 system compared to the YES-hERJ one. In
contrast to E,, genistein and genistin both showed a
higher estrogenic activity against the hERpB-based sys-
tems than in the hERa ones, for both the wildtype and
Asng? yeast strains (Table 2). However, the sensitivity of
genistein and genistin detection in the YES-hERPBAsng2
assay was significantly lower than that of E; by about
13.1- and 1887-fold, respectively. The estrogenic activity
of puerarin, daidzein, and daidzin could not be detected
using any of the four YES systems within the range of
concentrations used in this assay (107%-107* M), and so
they wefexcluded from the sensitivity assessment.

The evaluation of the estrogenic activity of the
P. mirifica crude leaf-extracts revealed that the highest
estrogenic activity was always detected with the ER
systems as opposed to the ERa ones, and with the Asng2
yeast strain compared to the wildtype, and so the YES-
hERP Asng? assay was the most sensitive for all the
cultivars (Fig. 5). With respect to the three P mirifica
cultures individually, in the PM-III cultivar the highest
estrogenic activity detected by the wildtype YES-hERa
and YES-hERB was in September (RP of ~1077 and
107%, respectively), and this declined steadily each
month thereafter to a minimum in August. (This and the
subsequent analysis of course assume that this 12-month
period from March 2007 to February 2008 represents the
pattem seen each year, which remains to be established).
A broadly similar trend was observed when assayed by
the YES-hERaAsng2 system, but in contrast, when
assayed by the YES-hERPAsng2 system, no such clear
monthly pattem over the 12-month period was evident
with instead the highest activity being seen in November
followed by that in August (Fig. 5).

In some contrast to the PM-III cultivar, in the PM-
IV cultivar, the highest estrogenic activity was detected
in leaves harvested during August when assayed by
three of the four yeast assay systems, but the YES-
hERP system gave a slightly higher estrogenic activity
on leaves harvested during October than in September.
Moreover, there was no clear monthly decline from this
maximum over the 12-month period, but rather it
tended to decline to a false minimum in November, rise
to a smaller peak by February before then declining
again to the minimum level at April, and then rise to
the maximum level in September or October as above.

The highest estrogenic activity of the crude leaf-
extracts from the PM-V cultivar was found in leaves
which were harvested in January 2008 or May 2007
for the YES-hERa assay, and in September, July, and
November for the YES-hERp, YES-hERoAsng2, and
YES-hERPAsng2 assays, respectively (Fig. 5), but
without any clear pattern of monthly decline. Indeed,
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Major isoflavonoid profile (mg/100 g powder) of the crude leaf-extracts from the three different cultivars of P. mirifica Harvested in differ-

(A) PM-IIL, (B) PM-IV, and (C) PM-V. Data are shown as the mean £ SEM.

Table 2. The estrogenic activity, as the ECy, Value and derived relative potency™’ using E, as the reference standard, of the standard genistein
and genistin and reference E,, as determined by the four different YES systems.

E, Genistein Genistin
Systems ECsq (M) RP* ECq (M) RP* ECq (M) RP*
YES-hER 267x107" 100 2,80 107" 9.53x 107" 137107 195=107"
YES-hERp LI8= 107" 100 6.91% 107 7* 171 7.09 % 10 166% 107
Y ES-hERasng2A 165 107" 100 233 % 107 7.08% 107" 3051077 s4l=107"

YES-hERBsng2 A 468%107° 100

611 % 1075

530% 1077

?ﬁ 8.83 % 107"
Notes: Relative Potency (RP)=(ECsq of E2/ECsq of leaf extract) x 100. Abbreviation: E;: 17[-estradiol. Data are shown as the mean value derived from nine inde

pendent repeats.
*Signl@ntly different from E, at p = 0.05.
“Data are shown as the mean +SEM derived from nine independent repeat.

the monthly variation in estrogen levels determined by
both the YES-hERaAsng2 and YES-hERPAsng? assays
were slight, except for a minimum in December
(Fig. 5). However, the estrogenic activity of all plant
samples was lower than that of E,, the positive control
(Fig. 5), and was not correlated with the isoflavonoid
contents (analysis not shown), suggesting that there
might be other isoflavonoids, or complex interactions

between them, or as-yet-undetermined
responsible for this activity.

compounds

Discussion

The ﬁee cultivars of P. mirifica (PM-III, PM-IV,
and PM-V) produced abundant numbers and masses of
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Fig. Relative potency values of the crude leaf-extracts from the three different cultivars of P mirifica harvested in different months.
(A) FI00, (B) PM-IV, and (C) PM-V. RP values, relative to the ECg of the Es standard, were derived from the estrogen-like activity ECgy val-
9 as ascertained using the wild ty] ES) and sng2A (YES-sng2A) Y190 yeast strains with hERo or hERB. Abbreviation; Ex: 1 7f-estradiol.
ata are shown as the mean = 5.E.M. Means with a different lower case letter above them are significantly different (p < 0.05).

leaves for harvesting every month, except for the cultivar, and February, March, and April in the PM-V
month(s) when there were no or too few leaves to har- cultivar). During February to April, the decrease in
vest (April in the PM-III cultivar, March in the PM-IV rainfall amount and increase in temperature might cause
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water-limited environment. Plants then become water
stressed and dropped their leaves.*®

HPLC analysis

The crude leaf-extracts derived from the three P mi-
rifica cultivars varied in their yield and relative compo-
sittion of the isoflavonoids between the different
cultivars and cultivation month during the 12-month
period assayed. Whether this temporal monthly pattern
is representative of typical years remains to be estab-
lished. However, the study also confirmed the existence
of a significant level of accumulated isoflavonoids in
the plant leaves, including puerarin, daidzin, genistin,
and daidzein. Determination of the isoflavonoid levels
revealed significant cultivar-dependent difference, i.c.
difference in th@Risoflavonoid levels among the three
cultivars grown m the same field trial and harvested at
the same time, as well as between each month. Daidzin
and genistin were found to have the highest average
annual isoflavonoid accumulation in the leaf samples
(genistin for PM-III and daidzin for PM-IV and PM-V)
with puerarin also being found in all analyzed plant
samples (cultivars and harvest months), but at lower
levels. In contrast, daidzein was not found in all three
cultivars in March to August, plus not in cultivar PM-
IV in October, PM-III in November and PM-V in
November to January. Morcover, genistein was not
found in any of the cultivars in any month of the year.
Overall, the chemovariety at the isoflavonoid level in
the three P. mirifica cultivars, which have distinct dif-
ferences in their botanical characteristics, were con-
firmed. The net yield of total isoflavonoidin P. mirifica
leaf (41.68+4.01 mg/ 100 g powder) still lower than in
tuber (80.67+4.11mg/100g powder) about two
times.”” However, in terms of plant cultivation, leaves
harvesting is more worthwhile than tuber collection
because tubers spend at least three years to grow
maturely whereas leaves need only three months and
can be collected quarterly. For the comparison of isofl-
avonoid yield between tuber and leaf harvested per
year in general, the isoflavonoid yield harvested in leaf
is higher than tuber 6.20 times per year.

The isoflavonoid pattem in P. mirifica leaves over a 12-
month cultivation period remains to be ascertained if this
pattern holds for other years and so is afal trend or not.
However, with that caveat in mind, the puerarin, daidzin,
genistin, and daidzein levels in the crude leaf-extracts
were found to be strongly, but differentially correlated
with either the rainfall amount or the average temperature
during the 12-month cultivation period assayed within the
same plant cultivar in different months (seasons). In addi-
tion, while the plant genetics per se (as morphologically
distinct cultivars in this study) also strongly comelated to
the differences in the isoflavonoid types and levels found
in the leaves over this 12-month assay period. The extrac-
tion method employed in this study wasEficient to
extract a broad range of polar isoflavones e.g. daidzin,
daidzein, genistin, and genistein, and the isolated compo-
nents showed 98-99% purity.™ Therefore, the non-
detectable genistein in leave crude extract was not from
this extraction method. Interestingly, genistein, the isofl-
avonoid not detected in this study in the crude leaf-
extracts, has been found previously in the tubers of these

three P. mirifica cultivars, although in smaller amounts
compared with that of puerarin, genistin, daidzin, and
daidzein®” The differences in the synthesis and/or accu-
mulation of isoflavonoids between leaf and tuberous tis-
sues 1s probably that genistein is an aglycosidic
compound synthesized in the leaf, which is not stable
enough for transportation or storage in tuberous root, it is
converted mto %}iﬁtin, (by glucose conjugation) to
increase both its stability (through the protection of reac-
tive nucleophilic groups) and water solubility.>*" It is
possible that genistin is then cleaved to the aglycosidic
form after being transported into the tubers, accounting
for the detection of genistin in the leaves but genistein in
the tubers. Indeed, glycoside hydrolase has been reported
n roots of Medicago truncatula, another legume plant in
the same family.*!? This enzyme can catalyze the hydroly-
sis of the glycosidic linkage in genistin to convert it to
genistein. In contrast, a proteomic analysis of soybean
leaves did not report the finding of any enzymes with gly-
coside hydrolase activity,”> and so the actual case for P
mirifica remains to be resolved.

YES assay

Genistein and genistin showed a higher estrogenic
activity in the YES-hERp than the YES-hERo assa
system, in agreement with that previously reported.'”
The sensitivity of all tested compounds determined by
YES-hERoAsng2 and YES-hERBAsng2? was higher
than the corresponding wildtype Y190 yeast strains
(YES-hERa and YES-hERJ), which correlated well
with a previous study,”} In wildtype Y190 yeast
strains, anti-estrogenic activity could be determined by
using tamoxifen against both E>*¥ and P mirifica tuber
crude extract.'® Furthermore, the anti-estrogenic activ-
ity of medicinal plants was [E8o demonstrated in differ-
ence yeast strains*®) Snq2 is a member of yeast ATP-
binding cassette (ABC) transporter family,*® which is
an exporter of multiple cytotoxic and steroid com-
pounds in S. cerevisiae. Deletion of SNQ2 gene was
shown to increase the intracellula roid level.’” Dou-
ble deletion of PDRS3, another member of the yeast
ABC transporter family, and Snq2 increased the uptake
of several compounds,*™ while deletion of three yeast
ABC transporters (PDR3, SNQ2, and YORI) further
increased the detection sensitivity for phytoestrogens
by hERa.’*?” Therefore, deletio [ the SNQ2 gene
causes an increased sensitivity to a wide range of com-
pounds because the Asng2 cells are unable or less able
to efflux these compounds out of the cell. It is worth-
while to examine anti-estrogenic activity in plant leaves
by using YES-hERaAsng2? and YES-hERBAsng2.
Although overall investigation shown that isoflavonoid
contents in some month were not comrelated with estro-
genic activity that not obviously difference in YES-
hERBAsng2, it was probably that the estrogenic activity
assay employed crude extract which might contain
other compounds exerting estrogenic activity, for exam-
ple, deoxymiroestrol that belong to phytoestrogen
group as same as isoflavonoid.*”

There are growing interests in at least two major
classes of isoflavonoids, namely the glycoside and
aglycone forms. " The latter have been demonstrated
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to be active in the MCF-7 cell activity*” and YES™
assays, as well as in correlation analysis with its anti-
oxidant activity.*¥ However, the glycoside isoflavo-
noids, including daidzin and genistin, can be
metabolized into the more active aglycone form after
oral ingestion from either normal intestinal flora™ or
within the liver from microsome-associated enzymes.*>
Natural daidzin and genistin could, therefore, be an
indirect, yet rich, source of aglycones for human con-
sumption.

The results of this study suggest that P mirifica
leaves might be a novel source for the industrial scale
extraction of isoflavonoids. Although there has been an
increasing interest in isoflavonoid production from
plant tissue grown in vitro from soy,'" P lobata'” and
P. mirifica,™’ so as to make the production independent
of the influence of variation from changes in the physi-
cal environment, this in vitro approach is often more
expensive than a conventional large scale production
method using farm grown plants, which for example,
can produce an abundant mass of leaves.

ﬂpplemental material

The supplemental material for this paper is available
at http://dx.doi.org/10.1080/09168451.2014.910091.
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