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S PhytOﬂstroaens have been 1scIated from mdny specxes of plants- pa_rticz.laﬂy
~ those in the Legummosae famnily™. Uterotropic activity in many clover. species ap-
pears to be the result of the isoflavones genistein, biochanin A, daidzein and for-
mononetin (Fig. 1), etther smgula.rly or in combination®*. Leaves and leaflets have -
higher accumulations of uterctropic compounds than stems. Variation in isoflivone
content in leaves from d1ﬁ‘erent strains of subterranean clover are due przmanly to .
- genetic factors®. The estro genic isoflavones are insoluble in water but extractable with -
alcohol. Beck® has deve{oped a thin-layer chromatography (TLC) method which
- separates the isoflavones and:permits & visual semiquantitative estimation of each. .
Gour!ey5 has xmproved the TLC techmque to. mc{udv quantztaﬁon by L’V abso"p-
tion. -
S West ef al 7. separated t\xo Lsoﬁavon&c from toybeaus by hich-nerformanoc
hqmd chromatography (HPLC) but dit not quantitate them. We were mainly inter-
"-ested in developing a HPLC technique that would separate and quantltate multlcom—
ponent 1soﬂavon$ rsoIated from new ﬂenetxc lines of clover. -
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o Auth\,ntxc sampfes of 1soﬁavones gemstem- bxochanm A, da:[dzem and for—
mononetin (K &K Labs PIam.VIeW NY U.S A.) were obtained and drssolved in
metha.noi.
- Several conceutratxons of the standards were .njected separate[y mto the h.tgh—
performance liquid chromatograph (Waters Model 6000) equipped with a variable-
~wavelength detector (Model 450). The peak areas were measured. with an mtegrator
(Hewlett-Packard Model HP 3390A) and standard curves prepared (0.5-20 ug).
. Sampl&c of each variety of subterranean clover (see Table I} were prepared by
» removmg the top Iea.ves a.nd soakmg at 5°C in methanol (1 ng ml} for a week o

IR Mezmcm of a tradcmark, ptonrzesary product or vendor do&e norcoustxtute a guzrant:e orwarranty
- of. the product by the UiS. Department of Agriculture and does not _mply its approval to the etc!usxon of
) othcr products ot vcndors that may a[so be smtable. : . P RS L
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Fig. 1. Smxem%s of isoffavcaoids.
Separations were carried out with 2 mobile phase of methanol-watér (2.1:1} at

fliow-rates of 2.G mi/min for the standard (Fig. 2} and 1.0 mi/mn for the clover’s
extract {Fig. 3). The column 25 om x 4.6 mm L.D. stainless steel and packed with
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Fig 2 HPLC chromarogram of estrogenic iscflavoaes. Peaks: E = dat dzem, 2 = gcn.st-m, 3= for—

mononetin and € = bischania A

Fig 3 HPEC chromatogram of Tallaraok methznof extract. Feaks: 1 = genistin, 2 gems:cm‘}mc{hﬁ
 ether 3 = formeonopetin 7-O-glucoside, £ = b-echzzm &-Jﬂ-giucosxd:. 5= gemstem, 6= formononc.m

and 7 = biochanin A
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Pam.sil 10 ODS-’) (Whatman Chfton NI U S A ) Detecuon was ata Wavelerwth of
250 nm. Each peak was- collected and the UV _spectrum with shift reagents (AICIL;,
AICI; + HCL, NaOCH3 ‘and NaOOCCHz) was run and compazed to the hteratl_re

and to the standards. Chemical ionization spectra, using an HP 5985B gas chroma—
tograph-mass spectrometer with methane as jonization gas were taken to confirm
‘our results. A volume of I m! of methanol extract from each clover was hydrolyzed
with 4 N HCI at 70°C (2 b) and the neutralized extract reinjected to determine the
total amount of genistein, formononetin and biochanin A in each clover. .

RESULTS AND DISCUSSIO\I 7

The estrogemc Isoﬂavones founci in subterranean clover can be satxsfactorﬂy
: sepdrated with HPLC as illustrated in Fig. 2. Several other isoflavones (aglycon and
glucosyl types) were isolated from the methanol extracts (Fig. 3). The separatxon of "
. estrogenic isoflavones with HPLC can be very useful as an anaIytxc‘ai tool in the
- screening of varieties of subterranean clover.

"' The amount of free genistein, formononetin and b:ochanm A in each cIover
‘was quantlﬁed and a portion of the sample then hydrolyzed to determine the tatal
amount of estrogenic isoflavones of genistein, biochanin A and formononetin that
' were present in the glucosyl form. We did not find daidzein in any of the clovers. -
Table I gives the amounts of the estrogenic isoflavones in five varieties of clover. Note
that the ratio between free genistein, formononetin and biochanin A refated to the
total amount of each one found after hydrolysis, is different in each case, but. almost - -
_ double for genistein in most clover species (Table I}. It is likely that some hydrolysxs

occurred during the extraction procedure. Several hydrolysis conditions were tried to
determine the transformation of bound genistein, formononetin and biochanin A to
‘free isoflavones. The best conditions were 4 N HCI for 2 h at 70°C. The bound -
- isoflavones were not hydrolyzed fully in 1 & HCI at-70°C after 1 h. This experiment -
. shows that the plant has free and bound isoflavones. The leaves of Nangeela and Mt.
Baker vam.tr@c (with the same pareat Lne) contamed the greatest concentration of - :




’umpp: Eoetvpe are From the. same
high in both formononetin and: biochanin A (T able I) G«-g:s:em is t&e ma;or 3 g
Jﬁavon& i ‘E&ooeeneﬁup The genetic variance ppmrs to te t@ponszbl& fo' a s:gn.ﬁ R
r«:am: portion of the zscﬁauom varzatzcs. o
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* Editor’e .“cate. A simiizr scpamaon was snnm:tr.:é by I. I. Patrcn.. WL Coihns aﬂd W R. Stcm
(14 C.:ma;:z{cvr., 247 (!98”} 365) and was in press when this paper reached JS_ S el



