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Abstract

To assess the estrogenicities of Korean arrowroot (Pueraria thunbergiana) the contents of nine phytochemicals
which are known to present were analyzed by HPLC. Also the estrogenecities of these phytochemicals were
assayed using estrogen receptor dependent transcriptional expression assay. Daidzein and puerarin are major
compounds in arrowroot, which were contained in the order of: root>stem>leaf>flower>seed. Among the assayed
phytochemicals daidzein, genistein, biochanin A, formononetin, puerarin and genistin were highly estrogenic. The
total estrogenicities in different parts of arrowroot and those by regions in Korea were also assessed. Roots
had the highest estrogenic effects. The estrogenicities also were shown in stem and leaf. The differences in the
estrogenicities of arrowroots by regions in Korea were shown. These results demonstrated that the estrogenic
phytochemicals content was the highest in Korean arrowroot and also present in stem and leaf.
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citein 20~350 mg/kg $F= ] gl 3ol =
°] 6,300 mg/kg FH=ol ot sl

ANAEZ A AFH ]

daidzein

+ reproductive tract responses=
o] £-3}= b (Allen-Doisy assay)(12), non-reproductive
tract target tissue response s ©] &3} ¥ (E-screen as—
say)(13), 01]/\‘5&74] -84 A (14), FAE o) &3l
Wl (15), 8- Ao ¢8-4 F-R2Le] S o] 8- Wy
(estrogen receptor dependent transcriptional expression
assay)(16) %] glt}. o] F ol estrogen receptor dependent
transcriptional expression assay+= A £ A4 2]z go 2
W R AT £9E wele) Fa, SaAsh o amz
ghAloll 2) &} reporter gene?] HHALE A ST
0e FEsfo] o] 22

\_—1

5 8101(17,18), & Aol A& & A~
2AA Hrtol o]gsheirh
B P kAl 3o ol aezAAe Hrtsly

bzt 2ol
A ol xER A0l ek Felal A eSS e

HPLC®



g2 39l Estrogen Aol #3t o7 17

Z2A43td 1, 2 A RE9] ol ~EZAA S estrogen receptor
dependent transcrlptlonal expression assay & o} &-3po]
A3} o u;] z]_,] —r—r]‘j:‘ A £ o AEZAAL }A/\].g}
st

Az 9

IH_,E_,_

Aol AL8-3F 32 &4k AARE F7], 2] EE A,
Aepde Bz A7 31 24Y95 gl S 2w 2 2y
AAT A& ALgstget

Alck

178-Estradiol, biochanin A, daidzein, daizin, genistein,
genistin, glycitein, glycitin, puerarin< Sigma(St. Loulis,
MO A T4l skedt}. FormononetinS- Indofine(Somerville,
NJ, USA)ol A 8]ttt Reporter gened 7HA 2. 9=
plasmid(TK-Luciferase)+= Clontech(Palo, Alto, CA)oljA] -
41319l 2, neomycin A3 FA2E 7FA 22 9l peDNA3L
(+)2 Invitrogene(Carlsbad, CA)l| 4] -] 8151t} Restriction
endonuclease, DNA modifying enzymes, enhanced chemil-
uminoscence({ECL) reagent+ Amersham{Arlington Island,
NY)ell A -9l sked 22, luciferase® Promega(Madison, WI)
ol 4] F38tsi vk Mammalian cell culture media2h 328 A
G4182 Gibco BRL(Grand Island, NY)ell 4] F-d3tadch.

ANE F&
A% AZ 1gel 1 NHC 3 miE ¥ 3242(98~100
°Crell A 2417k 7k, W74t ohg- NaOHE 713hel 3141 3
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Phytochemicals®] HPLC A #¥#-4]-2 Varian 230(HPLC,
Model varian 230, Varian, USA)& AF§-319d 21, A3 L In-
tersil ODS-2(4.6 mm X 150 mm, Chrompack, USA)2 A}-$
sled Tl o] F-AF-2- 0.1% acetic acid in CHzCN(35°C)<}F 0.1%
acetic acid in water& AR89 2, 42 1.0 mL/min 2.2
254 nmol A FREE &A3e)
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£ @7 5~63) resuspenddto] celle lyse] At Cell ly-
sate(5 BL)E- luciferase activity assay reagent(Promega)
25 uL2} &3 vh-g- luciferase2] 713 <l luminols 371t
= A3 %)= luminescenceS Luminometer{Cytofluor 2300,
Perspective Biosystems, Framingham, MA) 2 &4 s}¢dt}.
Luciferase &4 £ relative light unit(RLU) 2 e} ¢
(18,20), w kel o} 23] doj}: background RLU & &
Z luciferase ZrellA skl o).
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Table 1. Content (ng/g, dry basis) of various phytochemicals in differnet parts of Pueraria thunbergiana by HPLC analysis

Phytochmicals Root Stem Leaf Flower Seed
Biochanin A (ng/g) 80+21 0.3+0.1 09103 18%04 NDY
Daidzein (ug/g) 1,175.5%+200.4 396.61+46.7 369£115 273109 38%18
Daidzin (ug/g) 724%155 487177 05x0.2 23+09 ND
Formononetin (gg/g) 149.4+30.3 475%153 50*15 22707 08+0.3
Genistein (ug/g) 42.1%10.8 22.3+6.8 15.2+47 10.2+£37 16.7+£6.9
Genistin (pg/g) 1442223 12.0x34 45%18 13.0£45 3010
Glycitein (ug/g) 231.3£56.8 17.4£7.3 9.2%4.1 ND 24+08
Glycitin (ng/g) 166.2+35.6 14.4£36 192145 238178 28%+14
Puerarin (ug/g) 5,2453+304.5 689.1 £130.4 202145 64%32 56%2.7
"Not detected.
o= puerarin kol Ad weko v} (5,245 ng/g). daidzein - beta-Estradiol
(1,175 ug/g), glycitein(231 ng/g), glycitin(166 ng/g), form- oon0] | & Bochann
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-
ng/geleti & A} vlmabd 3 ad= R gl ko) & :Zgoz4
0]
Fo-slo] oleS o o= lgich 40000} & e
#T Kim 5(22)& #9) ¥, 2, oJAE A daidzein, 300004 A -
] =
genistein, formononetinS HPLCE A #8418k A} daid- fggzz -
Zeln’} 3 _r _T_E] oﬂ A—] 7]_;(0‘- _EE%C})}-_‘EE” l-lin]_ IOHH ll:_}" \/}, 1E-5 "112-4 1“;—3 0.271 O.I1 I; 1‘0 1100 10‘00 101000
Concentration(nM
gFom Baglo Al genistein® formononetine] 7 &= <) oncentration(nM)
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Phytochemical 59| o ~E 2 448 estrogen receptor de-
pendent transcriptional expression assay o} &35}
o] Z3stdch. Fig. 1-& 17B-estradiole} 2] 4 | 2227
o2 A deyAl phytochemicaldl biochanin A, daidzein,
formononetin 5(10 "' ~10* M)el| S8} §-F-ub-g FAL
bl Zlold], 2% gak o) &2 02 JAEZAANS e
W & olch 2 g8 A el A ECso& 73k 178~
estradiol} phytochemicals®} &-5-(potency)-$& ] 5L3}o] Ta-

/1] 2 E!I_Q_

g 4

ble 20 vieb it} &S (potency)S & A o hEF 3 EA
(affinity) 2 F& A5 AGA o2 43444 F 3= 54

7} qd3to] 91 vH(24,25). 4| & & phytochemicals S ol A dai-
dzein(4.9% 10 ® M) ¥} genistein(5.6 X 10™* M)2} £50] 7} %
HEdl, 17B-estradiol(7.3x 102 M)#} v) @3}o] 27} 15%
10700, 1.3x 107" G o}, 7L o}-& 2 2 biochanin A, formon-
onetin, puerarin, genistin <°]1%} =4, ©] 52 17B-estradiol
o} vlawsled 1.0x 107 & =9ich. Glycitein, daidzin, gly-
citin §-& 17B-estradiol®} Bl & 5Fe] 1.0x10 %]}, & o
FolA Aglycone® ol 2 w2 A (daidzein vs daidzin,

chemicals in MCF 7-ERE cells.

Luciferase activities were measured in MCF 7-ERE cells. Inde-
pendent cultures were analyzed after 36 hr of treatment with
increasing concentration of estradiol or phytochemicals, as indi-
cated. Each point represents the mean of at least two analyses.
Concentrations are plotted on a log scale.
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Table 2. Comparison of the potencies and efficiencies of
selected phytochemicals to 17B-estradiol in the receptor
dependent transcriptional expression assay

Substances Potency (ECsp, M) Relative efficiency
17B-Estradiol 7.3%x10 1 100
Biochanin A 21x10°7 150.2
Daidzein 49x10° 9.6
Daidzin 19x10° 17.0
Formononetin 87x107 754
Genistein 56x10° 172.0
Genistin 93x10 " 85.2
Glycitein 19%10° 22.0
Glycitin 16x10° 15.1
Puerarin 9.1x107 405

“Potency is the molar concentration which elicit the 50% of

maximal activity.

"Relative efficiency is relative transactivation activity which
is calculated as the ratio of luciferase gene induction values
of each compound at a concentration of 1 M and the luciferase
gene induction values of 17B-estradiol at 1 nM. The trans-
activation activity of 17B-estradiol was arbitrarily set at 100.
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Fig. 2. The relative estrogenicities in different parts of Puer-
aria thunbergiana in the receptor dependent transcriptional
expression assay.

Independent cultures were analyzed after 36 hr of treatment with
an aliquot (8 L) of the extracts of some varieties of soybean. Each
value represents the mean of at least two analyses. H represents
acid-hydrolyzed samples, and N represents nonhydrolyzed samples.
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Fig. 3. The relative estrogenicities in Pueraria thunbergiana
harvested from different regions.
Footnotes as in Fig. 2.
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